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Chapter: 1

Introduction to Zoology

Zoology is the scientific branch of biology dedicated to the study of animals (Kingdom Animalia). It is a
holistic science that investigates all aspects of animal life, from molecular mechanisms to ecosystem-level
interactions. The ultimate goal is to understand the principles and processes governing animal life across
all levels of biological organization.

ZOOLOGY AS A PART OF BIOLOGY

Animals constitute a major, distinct branch on the evolutionary tree of life, originating in the Precambrian

seas over 600 million years ago. They are part of the eukaryotes—organisms with membrane-bound

nuclei.

¢ Defining Nutritional Mode: The most distinctive characteristic of animals as a group is
their heterotrophic mode of nutrition, which involves ingesting other organisms. This is in
contrast to:

Plants: Autotrophic via photosynthesis; possess rigid cell walls.

Fungi: Absorptive heterotrophs that absorb small organic molecules; body plan

@)
@)

includes hyphae.

¢ The Animal Microbiome: A critical, often overlooked characteristic is that animal bodies
typically harbor complex communities of microorganisms (bacteria, archaea), primarily in the

gut.
o This is usually a harmless or mutualistic symbiosis.
o The microbiome significantly influences host nutrition, digestion, physiology, and even
disease susceptibility.
o For some animals (e.g., cattle, termites), gut microbes are essential for survival (e.g.,
cellulose digestion).
o The microbiome is dynamic and can be exchanged among individuals.
BRANCHES OF ZOOLOGY
Focus Area Branch Primary Subject of Study Modern Context/ Sub-
fields
Gross form and internal structure
Structure Anatomy/ of organisms. Comparative Imaging techniques (CT,
Morphology anatomy infers evolutionary MRI), 3D modeling.
relationships.
Histology Microscopic structure of tissues. Immunohlstgchemlstry,
confocal microscopy.
Structure, function, and chemistry C-ell b1.ology, live-cell
Cytology imaging, organelle
of cells. ;
dynamics.
Biochemical and biophysical .
. . . Systems physiology,
Function Physiology functions of systems (e.g., neuro-, . )
. : computational modeling.
endocrino-, eco-physiology).
. . Chemical substances and Metabolomics,
Biochemistry . . .
metabolic pathways in organisms. enzymology.
Developmen Embrvol Development from fertilization to Part of the broader field
t yology birth/hatching. of Developmental Biology.
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Practice MCQs

1. What is the primary focus of zoology?
A) Study of plants

B) Study of animals

C) Study of fungi

D) Study of microorganisms

Answer: Study of animals

2. Which of the following is the study of
tissues?

A) Cytology

B) Histology

C) Embryology

D) Physiology

Answer: Histology

3. Which branch of zoology deals with the
geographical distribution of animals?

A) Ecology

B) Zoogeography

C) Taxonomy

D) Ethology

Answer: Zoogeography

4. The binomial nomenclature system was
introduced by:

A) Charles Darwin

B) Carl Linnaeus

C) Gregor Mendel

D) Ernst Mayr

Answer: Carl Linnaeus

5. Which theory is considered the central
unifying theory of biology?

A) Cell Theory

B) Germ Theory

C) Theory of Evolution

D) Quantum Theory

Answer: Theory of Evolution

6. The process by which animals maintain a
stable internal environment is called:

A) Metabolism

B) Homeostasis

C) Adaptation

D) Reproduction

Answer: Homeostasis

7. Which of the following is NOT a property
of living systems as per Hickman's text?
A) Chemical uniqueness

B) Complexity and hierarchical organization
C) Spontaneous generation

D) Possession of a genetic program
Answer: Spontaneous generation

8. What is the study of birds called?

A) Ornithology

B) Herpetology

C) Ichthyology

D) Mammalogy
Answer: Ornithology

9. Which of the following describes the change

in genetic makeup of populations over time?
A) Speciation

B) Organic evolution

C) Adaptation

D) Natural selection

Answer: Organic evolution

10. The smallest unit of biological hierarchy
that is semiautonomous in function is the:
A) Organ

B) Tissue

C) Cell

D) Organelle

Answer: Cell

11. Which of Darwin’s theories refers to the
splitting and transformation of lineages to
produce new species?

A) Perpetual change

B) Common descent

C) Multiplication of species

D) Gradualism

Answer: Multiplication of species

12. Which branch of zoology studies animal
behavior under natural conditions?

A) Ethology

B) Ecology

C) Physiology

D) Genetics

Answer: Ethology

13. The scientific study of insects is known as:
A) Entomology

B) Protozoology

C) Helminthology

D) Malacology

Answer: Entomology

14. Which level of biological organization
includes all populations in an area interacting
with each other?

A) Community

B) Ecosystem

C) Biosphere

D) Population

Answer: Community

15. The genetic material in animals is
primarily composed of:

A) RNA

B) Protein

C) DNA

D) Carbohydrate

Answer: DNA
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Chapter 2
Animal Systematics, Taxonomy, Phylogeny &
Organization

Systematics is the scientific discipline that investigates the diversity of organisms and reconstructs
their evolutionary relationships (phylogeny) using morphological, molecular, embryological, ecological,
and behavioral data. Its goal is to infer the evolutionary history and branching patterns of lineages and to
explain trait evolution within a historical framework. Taxonomy is the applied branch of systematics that
involves discovering, describing, naming, and classifying organisms into a hierarchical system of taxa.
It translates phylogenetic hypotheses into a practical, standardized information system based on common
descent and shared characteristics.

Traditional Versus Phylogenetic Classification

Early typological or artificial classification grouped organisms based on a few superficial similarities,
treating species as fixed types. This often-united unrelated forms (e.g., whales with fish) and did not
reflect true evolutionary lineages. Modern natural or phylogenetic classification seeks to recognize

only groups that correspond to clades, defined by homologous characters and molecular evidence,
ensuring the classificatory hierarchy mirrors the actual branching tree of life.

Linnaean Hierarchy and Taxonomic Ranks

The Linnaean system organizes life into a nested hierarchy of mandatory ranks from broad to specific:
Domain, Kingdom, Phylum, Class, Order, Family, Genus, and Species. As one moves down the hierarchy,
groups represent more recent common ancestry and greater similarity. Ranks above the species level are
not quantitatively defined, so their scope (e.g., number of species in a family) can vary widely between
lineages.

Rank Definition / Role Human Tiger
Example Example

Domain Highest unit; major cellular and molecular lineages. Eukarya Eukarya
Broad assemblage sharing fundamental traits (e.g.,

Kingdom ; = . Animalia Animalia
multicellularity, ingestion).
Phylum Group with a basic body plan (e.g., notochord, Chordata Chordata
segmentation).
Class Subdivision of phylum with distinctive features (e.g., Mammalia Mammalia
hair, mammary glands).
Order Set of related families w1:i1aisssrnllar structural/ecological Primates Carnivora
Family Cluster of closely relgte(.l genera; names often end Hominidae Felidae
in -idae.
Genus Group of very closely related species sharing a recent Homo Panthera
common ancestor.
Species Basic unit; interbreeding populations that Homo sapiens Panthera

are reproductively isolated from others.
Binomial Nomenclature and Naming Rules

Binomial nomenclature assigns each species a unique, two-part Latinized name (e.g., Homo sapiens),
solving the ambiguity of common names. The first part is the capitalized genus, and the second is the
lowercase specific epithet; both are italicized. The system is regulated by the International Code of
Zoological Nomenclature (ICZN), which enforces priority, uniqueness, and stability.

Common vs. Scientific Names

tigris
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Acoelomate, Pseudocoelomate, and Coelomate

. Developmental Functional )
Body Plan Body Cavity Origin & Lining Advantages Examples
No cavity. Space filled Simplest design; .
Acoelomate with limits diffusion and | © Atyhelminthes (f
. latworms).
mesodermal parenchyma. body size.
|\ /I Persistent .
Pseudocoelomate Pseudocoel present; blastocoel; not full Piiosvli(e}le:t(l:z-dgﬁsgt Nematoda
K fluid-filled. y lined by 018 , Rotifera.
space.
mesoderm.
1. Independent
Completely lined movement of .
by viscera and body 11\&/11:)1]1165 l;((i::,
Coelomate True coelom present; mesoderm (periton wall. Ar thl:o 0’
(Eucoelomate) fluid-filled. eum); organs 2. Complex organ da P
suspended by systems. i
mesenteries. 3. Facilitates large Chordata.
size.

Flatworm: Pseudobiceros bedfordi Nematode: Heterodera glycines

Pseudocoelom
Ectoderm
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Digestive cavity Endoderm Ectoderm

(a) Acoelomate (b) Eucoelomate (c) Pseudocoelomate
(flatworms) (annelids, (roundworms)
mollusks,
arthropods,
echinoderms,
chordates)

Protostomes and Deuterostomes

Triploblastic bilaterians are divided into Protostomia and Deuterostomia based on fundamental
differences in embryonic development: cleavage pattern, blastopore fate, and coelom formation.
Protostomes vs. Deuterostomes

MK PREPARATIONS: Let’s Make It Happen
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Feature Protostomes ("'mouth first") Deuterostomes (""'mouth second') \
Spiral, determinate (mosaic). Cell Radial, indeterminate (regulative). Cells
Cleavage . .
fate fixed early. remain totipotent.
Blastopore Usually becomes the mouth. Usually becomes the anus; mouth forms
Fate secondarily.
Coelom Often by schizocoely (splitting of Usually by enterocoely (outpocketing from
M Formation mesoderm). archenteron). )
. Echinodermata, Hemichordata, N
K Major Clades Lophotrochozoa, Ecdysozoa. Chordata. >
=
i @
PROTOSTOMES DEUTEROSTOMES E
P {mollusks, annelids, arthropods) (echinoderms, chordates) o
Eight-cell stage Eight-cell stage {%
R | z
-
(a) S
a
E CLEAVAGE E
-
P i @
&)
Spiral and determinate Radial and indeterminate @
R =
-
A o &
COELOM il (r%
T FORMATION Blastopore =4 Mesoderm g
Schizocoelous: solld Enterocoelous: o
I masses of mesoderm folds of archenteron
split to form coelom form coelom
O L Anus [ e Mouth
(c) “ Digestive tube t
S FATE OF ’ \
BLASTOPORE
~N Mouth g Anus
Mouth develops Anus develops
from blastopore from blastopore

Major Bilaterian Clades

Defining Features Representative Phyla
Possess a lophophore (feeding structure) or Platyhelminthes, Annelida,
Lophotrochozoa a trochophore larva. Mollusca, Brachiopoda.
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Chapter 3
Animal-Like Protists: The Protozoans

Protozoans are defined as unicellular, eukaryotic, heterotrophic organisms that exist as complete,
independent life forms. They are classified within the polyphyletic Kingdom Protista, meaning they do
not share a single common ancestor but are grouped for convenience. The term "protozoa" (Gr. protos, first
+ zoa, animals) reflects their animal-like characteristics, primarily nutrition and motility. They are
distinguished from other protists by their lack of a cell wall (possessing only a plasma membrane or
a pellicle) and their inability to perform photosynthesis (except in some mixotrophic species).
Evolutionary History: Life originated in ancestral Archaea. The first protozoans likely arose
approximately 1.5 billion years ago. The endosymbiont hypothesis is the leading explanation for
eukaryotic origins: an archaeal host cell engulfed an aerobic alpha-proteobacterium, which evolved into
the mitochondrion. Subsequent primary and secondary endosymbiotic events with cyanobacteria gave rise
to plastids in various lineages. The modern phyla of protists and animals were largely established by
the Cambrian period (~550 million years ago), though their precise evolutionary pathways remain
unclear due to a scant fossil record.

General Characteristics and Organization

1. Unicellularity:

e The single-celled body plan means the cell itself is the organism. All functional specialization
occurs at the organellar level (e.g., contractile vacuole for osmoregulation, gullet for feeding)
rather than in tissues or organs.

e Complexity: This single cell can contain structures with functions analogous to entire organ
systems in animals. For example, the infraciliature in ciliates coordinates locomotion;
the cytostome-cytopharynx-gullet complex is a dedicated feeding apparatus; and the apical
complex in Apicomplexa is a sophisticated invasion machinery.

e Coloniality: In true colonies like Volvox, cells are physiologically interconnected (e.g., through
cytoplasmic bridges) and show a clear division of labor. Most cells are somatic (for locomotion
and feeding), while a few specialized reproductive cells (gonidia) are set aside for propagation.
This represents a significant evolutionary step toward multicellularity.

2. Cytoplasmic Organization:

¢ Plasma Membrane: Acts as the primary site for signal transduction, nutrient transport, and
interaction with the environment. It is often modified with surface proteins, glycocalyx, or
receptors.

o Pellicle: Its composition and structure are taxonomically significant.

o In Euglenoids, it's a helical arrangement of protein strips that allows characteristic
"euglenoid movement" (metaboly).

o In Ciliates and Apicomplexa (Alveolata), it is reinforced by alveoli—flattened
membranous sacs—and a supporting layer of microtubules, creating a more rigid cortex.

e Cytoplasmic Differentiation & Sol-Gel Theory:

o The ectoplasm (plasmagel) is a dense, cross-linked network of actin
microfilaments and other proteins, providing structural integrity.

o The endoplasm (plasmasol) is more fluid due to fewer cross-links.

o Amoeboid movement is driven by controlled polymerization of actin at the leading
edge (converting sol to gel) and simultaneous disassembly of actin networks at the
trailing edge (converting gel to sol). This continuous cytoplasmic streaming is powered
by actin-myosin interactions.

3. Osmoregulation:
¢ Contractile Vacuole Complex (CVC): A dynamic organelle system, not just a simple bladder.
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SUMMARY OF PROTOZOAN CLASSIFICATION*®

Phylum Labyrinthomorpha (la"brinth-o0-mor'fa)

Kingdom Protista (pro-tees'ta) Single-celled eukaryotes.

Subkingdom Protozoa (pro"to-zo'ah) Animal-like protistans.

Phylum Sarcomastigophora (sar"o-mas-ti-gof’o-rah)

M Protozoa that possess flagella, pseudopodia, or both for locomotion and

K

nZ QO —~=2» XM

feeding; single type of nucleus. About 18,000 species.
Subphylum Mastigophora (mas"ti-gof’o-rah)
One or more flagella for locomotion; autotrophic, heterotrophic, or
saprozoic.

Class Phytomastigophorea (fi"to-mas-ti-go-for-ee'ah)

Chloroplasts usually present; mainly autotrophic, some
heterotrophic. Euglena, Volvox, Chlamydomonas.

Class Zoomastigophorea (zo"o-mas-ti-go-for-ee"ah)

Lack chloroplasts; heterotrophic or saprozoic. Trypanosoma,
Trichonympha, Trichomonas, Giardia, Leishmania.

Subphylum Sarcodina (sar"ko-din'ah)
Pseudopodia for movement and food gathering; naked or with shell
or test; mostly free living.

Superclass Rhizopoda (ri-zop'o-dah)

Lobopodia, filopodia, reticulopodia, or no distinct pseudopodia.
Amaoeba, Entamoeba, Naegleria, Arcella, Difflugia;

foraminiferans (Gumbelina). About 4,000 species.

Superclass Actinopoda (ak"ti-nop’o-dah)

Spherical, planktonic; axopodia supported by microtubules;
includes marine radiolarians with siliceous tests and freshwater
heliozoans (Actinophrys). About 3,000 species.

Subphylum Opalinata (op”ah-li-not"ah)
Cylindrical; covered with cilia. Opalina, Zelleriella.

Phylum Sarcomastigophora

Trophic stage as ectoplasmic network with spindle-shaped or spherical,
nonamoeboid cells; saprozoic and parasitic on algae and seagrass;
mostly marine and estuarine. Labyrinthula.

Phylum Apicomplexa (a"pi-kom-plex'ah)

Parasitic with an apical complex used for penetrating host cells; cilia
and flagella lacking, except in certain reproductive stages. The
gregarines (Monocystis), coccidians (Eimeria, Isospora, Sarcocystis,
Toxoplasma), Plasmodium. About 5,500 species.

Phylum Microspora (mi"cro-spor’ah)
Unicellular spores; intracellular parasites in nearly all major animal
groups. The microsporeans (Nosema). About 850 species.

Phylum Acetospora (ah-sét-o-spor’ah)

Multicellular spore; all parasitic in invertebrates. The acetosporans
(Paramyxa, Haplosporidium).

Phylum Myxozoa (mix"o-z00"ah)

Spores of multicellular origin; all parasitic. The myxozoans (Myxo-
soma). About 1,250 species.

Phylum Ciliophora (sil"i-of or-ah)

Protozoa with simple or compound cilia at some stage in the life
history; heterotrophs with a well-developed cytostome and
feeding organelles; at least one macronucleus and one micronucleus
present. Paramecium, Stentor, Euplotes, Vorticella, Balantidium. About
9,000 species.

The largest protozoan phylum, characterized by the use of flagella (subphylum Mastigophora)
or pseudopodia (subphylum Sarcodina), or both. They possess a single type of nucleus.

A. Subphylum Mastigophora (The Flagellates)
e Locomotion via one or more flagella.

e Class Phytomastigophorea (Plant-like Flagellates):
o Possess chloroplasts; primarily autotrophic.
o Dinoflagellates (e.g., Peridinium, Ceratium): Marine plankton. Have two flagella (one
transverse, one longitudinal). Many contain xanthophylls, giving a golden-brown color.

Some produce toxins; population blooms cause "red tides," leading to massive fish kills

and human shellfish poisoning.

o Euglena: Freshwater, mixotrophic flagellate. Has a flexible pellicle, a stigma (eyespot)
for phototaxis, and stores paramylon. Reproduces by longitudinal binary fission; sexual

reproduction is unknown.

o Volvox: A colonial flagellate of up to 50,000 cells in a gelatinous sphere. Shows division

of labor: most cells are somatic; specialized gonidia reproduce asexually to form

daughter colonies. Sexually, it can be monoecious or dioecious, producing macrogametes

and flagellated microgametes.

e Class Zoomastigophorea (Animal-like Flagellates):
o Lack chloroplasts; heterotrophic or saprozoic.
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= Transmission Routes: 1) Ingestion of oocysts from contaminated soil, water, or food. 2) Ingestion
of tissue cysts in undercooked meat (especially pork, lamb, venison). 3) Congenital (transplacental)
transmission.

= Life Stages in Humans: Rapidly dividing tachyzoites cause acute infection. The immune response
forces them to convert into slow-growing bradyzoites enclosed in long-lived tissue cysts, primarily
in muscle and neural tissue, leading to latent infection.

= Congenital Toxoplasmosis: Occurs if a woman acquires a primary infection during pregnancy. Can
cause hydrocephalus, intracranial calcifications, chorioretinitis, and fetal death.

Life Cycle of Plasmodium
Mosquito Infects -

humans by
injecting saliva

.

SEXUAL CYCLE / ' ASEXUAL CYCLE
7 "

Injected sporozoites
migrate to liver

gametocytes

Sporozoites enter
liver cells, undergo
schizogony

Female gamete

Male gamete — Sperozoites develop

I/ 6 Y in cocyst, are
9 Fertilization - J{ ﬂ released, and
\/ Y. } migrate to the
saliva lands
Ockinete / }_/" \' et
@{o \x

LR Sporogony \\
// occurs ‘

liver cells

=

\ |

Merozoites ——
released

®
Merozoites
°3 .
so T8 )
® released
Merozoites enter red |
b .

zr\%

Oacysts beneath r blaad cells and —; ( ~5) Stagesin
stomach lining /4 undergo schizogony o red blood
74

g \ K J%C\"J

e = Trophozoite
Female mosquito

Microgametocyte
gt \
Phylum Ciliophora (The Ciliates)
Some of the most complex protozoans. They are a highly diverse and successful group, primarily
defined by the presence of cilia (or their derived structures) at some stage in their life cycle.
e Cortical Structure (The Pellicle & Infraciliature):

o The cell is covered by a complex cortex consisting of the plasma membrane and
underlying alveoli (flattened membranous sacs that give the group Alveolata its name).

o Infraciliature: Beneath the alveoli lies a precise and stable network of kinetosomes
(basal bodies), interconnected by a system of microtubules (kinetodesmata)
and proteinaceous fibrils. This infraciliature is the cytoskeletal scaffold that determines
the cell's shape, anchors the cilia, and coordinates their beating.

o Ciliary Coordination: Beating is not merely mechanical coupling. Membrane potential
changes (depolarization) can trigger calcium influx, which reverses the direction of the
ciliary power stroke, enabling rapid escape responses (e.g., Paramecium's avoiding
reaction).

¢ Ciliary Diversity & Specialization: Cilia are often modified for specific functions:

o Membranelles: Fused rows of cilia forming a paddle-like structure used in feeding (e.g.,
in the oral groove of Paramecium and Stentor).

o Cirri: Thick, leg-like bundles of fused cilia used for "walking" on substrates
(e.g., Euplotes).

Macrogametocyte
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Practice MCQs

1. Which of the following is a defining
characteristic of protozoans?

A) Presence of a cell wall

B) Autotrophic nutrition

C) Unicellular eukaryotic organization

D) Multicellular body plan

Answer: Unicellular eukaryotic organization
2. The term 'protozoa’ is derived from Greek
words meaning:

A) First plants

B) First animals

C) False feet

D) Single cell

Answer: First animals

3. According to modern taxonomy, the group
'Protozoa’ is considered:

A) Monophyletic

B) Paraphyletic

C) Holophyletic

D) A single kingdom

Answer: Paraphyletic

4. The endosymbiont hypothesis explains the
origin of:

A) Nucleus

B) Mitochondria

C) Golgi apparatus

D) Endoplasmic reticulum

Answer: Mitochondria

5. Which organelle is primarily responsible for
osmoregulation in freshwater protozoans?
A) Food vacuole

B) Mitochondrion

C) Contractile vacuole

D) Lysosome

Answer: Contractile vacuole

6. The pellicle in euglenoids is composed of:
A) Silica plates

B) Cellulose

C) Protein strips

D) Calcium carbonate

Answer: Protein strips

7. Amoeboid movement is primarily driven by the
polymerization of:

A) Tubulin

B) Myosin

C) Actin

D) Keratin

Answer: Actin

8. The process by which a protozoan engulfs a
solid food particle is called:

A) Pinocytosis

B) Phagocytosis

C) Osmotrophy

D) Autotrophy

Answer: Phagocytosis

9. The permanent cell mouth in ciliates is called
the:

A) Cytoproct

B) Cytopharynx

C) Cytostome

D) Oral groove

Answer: Cytostome

10. Which protozoan exhibits mixotrophic
nutrition?

A) Amoeba proteus

B) Paramecium caudatum

C) Euglena gracilis

D) Plasmodium vivax

Answer: Euglena gracilis

11. Gas exchange in most protozoans occurs by:
A) Active transport

B) Facilitated diffusion

C) Simple diffusion

D) Counter-current mechanism

Answer: Simple diffusion

12. A symbiotic relationship where both partners
benefit is called:

A) Commensalism

B) Parasitism

C) Mutualism

D) Amensalism

Answer: Mutualism

13. Binary fission in flagellates is typically:
A) Transverse

B) Longitudinal

C) Oblique

D) Irregular

Answer: Longitudinal

14. Multiple fission that produces merozoites is
called:

A) Sporogony

B) Gametogony

C) Schizogony

D) Conjugation

Answer: Schizogony

15. The sexual process in ciliates involving
exchange of micronuclear material is:

A) Autogamy

B) Syngamy

C) Conjugation

D) Isogamy

Answer: Conjugation
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hapter 4

Multicellular & Tissue Level Organization

(Porifera, Cnidaria, Ctenophora, Placozoa, Acoelomorpha)
Metazoa (multicellular animals) originated approximately 550—-600 million years ago, during the late
Precambrian (Ediacaran) period. The majority of modern animal phyla appeared rapidly in the fossil
record during the Cambrian explosion (~541-485 million years ago). Early animal evolution produced
not only the extant (living) phyla but also numerous extinct lineages (estimated 15-20), which are
known from the fossil record.
The basal animal phyla—Porifera (sponges), Cnidaria, Ctenophora, Placozoa, and Acoelomorpha—
are critical for understanding early evolution. They retain many ancestral structural features (e.g.,
radial/biradial symmetry, simple tissue organization) that help reconstruct the body plan of the earliest
animals.

Hypotheses on the Origin of Multicellularity
How did single-celled organisms evolve into multicellular animals? Two leading hypotheses exist:

Hypothesis Proposed Mechanism \ Supporting Evidence / Analogy
Resembles colony formation

A flagellated protist formed colonies in choanoflagellates (the closest
where cells remained attached after living protist relatives of animals)
Colonial division. Subsequent cellular and in colonial algae like Volvox.

Hypothesis differentiation and invagination of cells The similarity between
led to a simple, two-layered (diploblastic) sponge choanocytes and solitary

organism. choanoflagellates is a key
observation.

Supported by the existence of large,

A multinucleate (syncytial) ciliated multinucleate ciliated protists today.

Syncytial / protist evolved multicellularity through .
. . e . . Some argue that the syncytial
Cellularization | the partitioning of its cytoplasm and nuclei .
. . . tissues of glass sponges
Hypothesis into separate cells via new plasma o
(Hexactinellida) and placozoans
membranes.

might reflect this ancestral state.

Monophyly vs. Diphyletic/Polyphyletic Origins
There is debate on whether all animals share a single multicellular ancestor.
e Monophyletic View (Single Origin): This is the prevailing view supported by modern molecular
systematics. Evidence includes:

o Universal animal cell junction proteins (e.g., cadherins).

o Shared reproductive and developmental traits (e.g., flagellated sperm, a similar
sequence of early cleavage events).

o Common structural proteins like actin and myosin used in cellular contraction.

o Diphyletic/Polyphyletic Views (Multiple Independent Origins): Some earlier theories
suggested animals might have arisen from protists more than once.

o One diphyletic scheme proposed that sponges (Porifera) evolved independently from
choanoflagellates, while all other animals (Eumetazoa) shared a different, separate
multicellular ancestor.

o Another historical debate centered on whether a radially symmetrical ancestor gave rise
to cnidarians and ctenophores first, or whether a bilaterally symmetrical
ancestor preceded all modern phyla (with radial symmetry being a derived simplification
in some groups). Modern molecular phylogenies strongly support the latter.

Phylogenetic Position of Basal Phyla:
The order in which the basal phyla branched off is a major area of research and revision.
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Totipotent amoeboid stem cells. Phagocytose and distribute food, differentiate
Archeocytes .
into any other cell type, form gametes.
Sclerocytes Secrete spicules.
Spongocytes Secrete spongin fibers.
Myocytes Contractile cells around oscula and canals, regulating water flow.
Osculum
T Collar Food particles
M Mesohyl —_ in ‘muzus —
Porocytes /4 = e 7\ e
Water — i > - .- o ) el
g P 2 el 'i\r @
Spongocoel =
/
Choanocyte Flagellum Phagocytosis Choanocyte
Amoebocyte * " of food Amoebocyte
particles

Epidermis

Sponge Body Forms & Water Flow
Evolution favors increased choanocyte surface area for efficient filtration.

Body Form Structure & Water Pathway Functional Significance

Ascon (simplest) Vase-shaped. Ostia — Spongocoel (lined by Limited size. Low filtration
choanocytes) — Osculum. efficiency.

Sycon Body wall folded. Ostia — Incurrent Increased surface area over

Canals — Radial Canals (choanocyte-lined) ascon.
— Spongocoel — Osculum.

Leucon (most Extensive branching. Ostia — Incurrent Allows large body size.
complex & common) | Canals — Flagellated Maximum filtration
Chambers — Excurrent Canals — Multiple | efficiency; no distinct
Oscula. spongocoel.
Water out R Osculum Water out § Osculum Water out

Water in

s) Lm'“iz;ﬁ”‘
-2 Bf‘

=
=
J—
=
)
@
o
=
| —
oV
-~
&
-
;c
7]
=
¢
.
¢
<
@
J—
o
-
¥
=V
=
i @
N
eV
=
=
=

=

m?

nZ QO —~=2» XM

4
/\ =9
¥ ‘ﬁ Spnnqncnr‘l

oanocytes o=
—%Spongoco:\!’\'valer 52: f emﬁamtyte
% in @g’ 'Qﬂ chambers

Asconoid Syconoid Leuconoid

Maintenance Functions

MK PREPARATIONS: Let’s Make It Happen
+92 333 2605045, +92 342 4470091 3|25



~ L

nZO—~—-p» Xp>vmRI o

Mouth Budding

Gastrovascular cavity

Column

Asexual

Mesoglea

Planula . I,“'
il o - \.ﬁu,ﬁ -

Blastula

Classification of Cnidaria

."Vntaelc
W
/ﬂw Egg
t‘" “) ; Sperm

'| Fertilization

Medusa
Mouth

Zyg ole

| Taxonomy of Phylum Cnidaria

Class Hydrozoa (hi-dro-zo6a) (Gr. hydra, water serpent, + zdon,
animal). Solitary or colonial; asexual polyps and sexual medusae,
although one type may be suppressed; hydranths with no mesenteries;
medusae (when present) with a velum; both freshwater and marine.
Examples: Hydra, Obelia, Physalia, Tubularia.

Class Scyphozoa (si-fo-zoa) (Gr. skyphos, cup, + zdon, animal).
Solitary; polyp stage reduced or absent; bell-shaped medusae without
velum; gelatinous mesoglea much enlarged; margin of bell or umbrella

section, with tentacle or group of tentacles hanging from a bladelike
pedalium at each corner of the umbrella; margin of umbrella entire,
without velum but with velarium; all marine. Examples: Tripedalia,
Carybdea, Chironex, Chiropsalmus.

Class Anthozoa (an-tho-zo'a) (Gr. anthos, flower, + zdon, animal).
All polyps; no medusae; solitary or colonial; gastrovascular cavity
subdivided by at least eight mesenteries or septa bearing nematocysts;
gonads endodermal; all marine.

typically with eight notches that are provided with sense organs: all
marine. Examples: Aurelia, Cassiopeia, Rhizostoma.

Class Staurozoa (sto.-ro-zaa) (Gr. staures, a cross, + zdon, animal).
Solitary; polyps only; medusae absent; polyp surface extended into
eight clusters of tentacles surrounding mouth; attachment via adhesive
disc; all marine. Examples: Haliclystis, Lucernaria.

Class Myxozoa (mik’so-z5'#) (Gr. myxa, slime, 4 zoon, animal).

Subclass Hexacorallia (heks'a-ko-ral’e-a) (Gr. hex, six, + koral-
lion, coral) (Zoantharia). With simple unbranched tentacles; mes-
enteries in pairs; sea anemones, hard corals, and others. Examples:
Metridium, Anthopleura, Tealia, Astrangia, Acropora.

Subclass Ceriantipatharia (se-re-an-tip’a-tha’re-a) (N. L. combi-
nation of Ceriantharia and Antipatharia). With simple unbranched
tentacles; mesenteries unpaired; tube anemones and black or thorny
corals. Examples: Cerianthus, Antipathes, Stichopathes.

Suhclass Octocorallia (ok'to-ko-ral’e-a) (L. octo, eight, + Gr.
korallion, coral) (Alcyonaria). With eight pinnate tentacles; eight
complete, unpaired mesenteries; soft and gorgonian corals. Exam-
ples: Tubipora, Alcyonium, Gorgonia, Plexaura, Renilla.

Spore-producing aquatic endoparasites whose typical life cycle
alternates between fish and annelid worm hosts. Body is reduced to a
few cells with no obvious cnidarian features except a polar capsule
with an extrusible filament that is homologous to the nematocyst.
Examples: Myxobolus, Buddenbrockia.

Class Cubozoa (ku’ bo-zo'a) (Gr. kybos, a cube, + zdon, animal).
Solitary; polyp stage reduced; bell-shaped medusae square in cross

Class Hydrozoa
The most diverse and variable class, exhibiting a wide range of life cycles and body forms (solitary,
colonial, polyp-dominant, medusa-dominant).
Key Features:
o Tissue Specialization: Nematocysts are found only in the epidermis. Gametes are produced in
the epidermis and released to the external environment.
e Mesoglea: Typically acellular (no embedded cells).

¢ Medusa Characteristic: Most possess a velum, a shelf-like ring of tissue projecting inward from

the bell margin, which increases swimming force.
Life Cycle: Typically involves both a sessile, asexual polyp stage and a free-swimming, sexual medusa
stage, though one is often reduced or lost.
Major Groups & Examples:
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2. Lophophore: A crown of ciliated, hollow tentacles arranged in a horseshoe or
spiral around the mouth (but not the anus). Used for filter feeding and gas
exchange. It is a shared derived trait of the lophophorate phyla (Ectoprocta,
Brachiopoda, Phoronida), though its homology is debated.

o Gnathifera: United by the presence of a complex, cuticular jaw apparatus with a
specific ultrastructure, and shared protonephridial features. Includes Rotifera,
Acanthocephala, Micrognathozoa, Gnathostomulida, and tentatively Chaetognatha.

Phylum Xenacoelomorpha: The Basal Bilaterian Enigma
General Features

e Position: Strong molecular phylogenetic evidence (from phylogenomic analyses of multiple
nuclear and mitochondrial genes) consistently places Xenacoelomorpha as the sister group to
all other Bilateria (collectively termed Nephrozoa). This pivotal position makes them a
crucial outgroup for comparative studies, providing insights into the ancestral bilaterian
condition and the transition from radial to bilateral symmetry.

¢ Evolutionary Implications: Their simple morphology may represent a primitive retention from
the earliest bilaterians, rather than secondary simplification. Studying them helps distinguish
between ancestral versus derived traits in more complex bilaterians.

e Body Plan: Triploblastic, bilaterally symmetrical, acoelomate. The body lacks a fluid-filled
cavity; the space between the epidermis and gut is filled with a sparse, gelatinous parenchyma-
like connective tissue.

¢ Key Anatomical Simplicities:

o Nervous System: A simple nerve net or a diffuse aggregation of neurons. Lacks
centralized ganglia or distinct nerve cords found in most bilaterians.

o Excretory & Respiratory Systems: Completely absent. Waste removal and gas
exchange occur via diffusion across the body wall.

o Digestive System: Highly simplified. Either a blind sac (with a single mouth/anus
opening) or completely absent. There is no regional specialization (e.g., no separate
stomach or intestine).

o Circulatory System: Absent.

Class Xenoturbellida

Example Genus: Xenoturbella. Currently six described species, found in deep-sea and cold-
water environments (e.g., X. monstrosa on Nordic coasts, X. profunda at hydrothermal vents).
o Habitat: Exclusively marine, benthic (seafloor-dwelling), from shallow shelves to abyssal
depths.
e Morphology:
o Body Form: Ciliated, flattened, oval to worm-like body, reaching up to 20 cm in length.
Appears superficially simple.
o External Features: Possesses a distinctive anterior ring furrow (circular groove) and
a ventral longitudinal furrow, the functions of which are not fully understood but may
be sensory or involved in mucus channeling.
o Digestive System: A ventral mouth leads to a blind-ending, sac-like gut (a bag gut).
There is no anus; undigested material is expelled through the mouth.
o Body Wall: Composed of ciliated epidermis, a thin layer of connective tissue, and grids
of circular and longitudinal muscle fibers.
o Nervous System: A diffuse subepidermal nerve net, without clear centralization.
¢ Biology & Ecology:
o Feeding: Specialized predator/scavenger on bivalve mollusks (e.g., Nuculidae). It

extrudes its mouth over prey, releasing digestive enzymes and absorbing liquefied tissues.

MK PREPARATIONS: Let’s Make It Happen
+92 333 2605045, +92 342 4470091 2|32

4
N
=
i @
-
<]
=
<]
=]
&
>
)
=
@
J—
=)
=
eV
PN
¢
=
—x
!
J—
=]




L MK PREPARATIONS). -

~ L

nZO—~—-p» Xp>vmRI o

e Reproduction: High reproductive potential. Mostly monoecious (hermaphroditic) with
complex reproductive systems. Capable of both asexual (fission, fragmentation)
and sexual reproduction.

CLASSIFICATION OF THE PLATYHELMINTHES®

Phylum Platyhelminthes (plat“e-hel-min‘thez)
Flatworms; triploblastic, bilaterally symmetrical, acoelomate, dorsoventrally flattened. More than 23,000 species.
“Turbellaria™ (tur"bel-lar'e-ah)
Mostly free living and aquatic; external surface usually ciliated; predaceous; possess rhabdites, protrusible proboscis, frontal glands, and many mucous
glands; mostly monoecious. Convoluta, Notoplana, Dugesia. More than 4,500 species.
Neodermata
Neodermata are characterized by molecular data, a unique body covering called a tegument, and symbiotic lifestyles.
Class Trematoda (trem”ah-to’dah)
Trematodes; all are parasitic; several holdfast devices present; have complicated life cycles involving both sexual and asexual reproduction. More
than 11,000 species.
Subclass Aspidogastrea (=Aspidobothrea)
Mostly endoparasites of molluscs; possess large opisthaptor; most lack an oral sucker. Aspidogaster, Cotylaspis, Multicorvi. About 80 species.
Subclass Digenea
Adults endoparasites in vertebrates; at least two different life-cycle forms in two or more hosts; have oral sucker and acetabulum. Schistosoma,
Fasciola, Clonorchis. About 11,000 species.
Class Monogenea (mon”oh-gen‘e-ah)
Monogenetic flukes; mostly ectoparasites on vertebrates (usually on fishes; occasionally on turtles, frogs, copepods, squids); one life-cycle form in
only one host; bear opisthaptor. Disocotvle, Gyrodactylus, Polystoma. About 1,100 species.
Class Cestoda (ses-to'dah)
All parasitic with no digestive tract; have great reproductive potential; tapeworms. About 6,000 species.
Subclass Cestidaria™*
Body not subdivided into proglottids; larva in crustaceans, adult in fishes. Amphilina, Gyrocotyle. About 18 species.
Subclass Eucestoda
True tapeworms; body divided into scolex. neck. and strobila; strobila composed of many proglottids; both male and female reproductive systems in
each proglottid; adults in digestive tract of vertebrates. Proteocephalus, Taenia, Echinococcus, Taeniarhivnchus; Diphvllobothrium. About 6,000 species.

Flagella forming "flame" Osmoregulatory  Flame

Nucleus tubule cell Eyespots
Flame
cell Lateral Cerebral
T nerve ganglion
e cord

/&%
\%*

/ Pharynx

Pharyngeal

N chamber
Mouth

Intestine

Oviduct

Testis

/(e
,‘r,.‘\;‘J
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b o .
/ %@
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The Body Wall: From Epidermis to Neodermis
e Free-Living Forms (e.g., Turbellaria): Possess a ciliated, cellular epidermis containing:
o Rhabdites: Rod-shaped organelles that discharge to form a protective mucous sheath.
o Dual-Gland Adhesive Organs: Composed of viscid glands (attachment) and releasing
glands (detachment), allowing rapid "stick-and-release" locomotion.
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e Echinococcus granulosus:
o Minute adult (3-6 proglottids) in canid intestines.
o Larval hydatid cyst develops in intermediate hosts (sheep, humans). The cyst can bud
internally, producing many protoscoleces.

Phylum Nemertea (Ribbon or

Proboscis Worms)
General Characteristics

e Habitat: Predominantly marine (benthic,
interstitial), some freshwater and moist
terrestrial.

e Body Plan: Triploblastic, bilaterally
symmetrical, acoelomate. Elongate, highly
contractile, and often dorsoventrally
flattened.

o Key Diagnostic Feature: The proboscis
apparatus — a long, muscular, eversible tube
housed in a fluid-filled cavity called
the rhynchocoel, located above the gut.
Used exclusively for prey capture and
defense. S

e Advanced Features (vs. Flatworms): commiese

1. Complete Digestive Tract: Separate
mouth and anus allows one-way food
processing.

2. Closed Circulatory System:
Consists of two or three _
longitudinal vessels; blood flow Pégggisnc;
driven by body movement and
contractile vessel walls (no heart).

Carries respiratory pigments (e.g., i
hemoglobin) in some.

e Size Range: Most <20 cm, but Lineus longissimus may exceed 30m.

Morphology and Function

e Proboscis Mechanics: Rhynchocoel muscles contract, increasing hydrostatic pressure
and everting the proboscis rapidly. Retractor muscles pull it back in.

o Class Anopla: Proboscis unarmed; mouth opens below/brain.

o Class Enopla: Proboscis tipped with a stylet for piercing prey; mouth opens anteriorly.
Some secrete neurotoxins (e.g., tetrodotoxin).

e Locomotion: Primarily ciliary gliding on mucus. Larger species use muscular peristalsis and
can swim via undulation.

e Nervous System: Well-developed with a four-lobed brain and paired longitudinal nerve cords.

¢ Excretion: Protonephridia with flame cells, often associated with circulatory vessels.

¢ Reproduction: Mostly dioecious with external fertilization. Some have a characteristic pilidium
larva. Also reproduce asexually by fragmentation.

Rhynchocoel Homology

The rhynchocoel is a true coelomic cavity (mesoderm-lined, formed by schizocoely). However,

its position dorsal to the gut and its exclusive association with the proboscis (not surrounding the
viscera) lead to debate over whether it is homologous to the main coelom of other protostomes.
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o Mictic Phase (Sexual): Triggered by environmental stressors (crowding, food scarcity,
temperature change), amictic females
produce mictic females. These mictic Neck
females produce haploid eggs via meiosis. \ ;;j:;p

= Ifahaploid egg is fertilized by a
male, it develops into a thick-shelled,
resistant resting egg (or winter egg).
This dormant stage can survive harsh
conditions (freezing, desiccation) for 7 4
extended periods. P 5 a—

= Ifahaploid egg is unfertilized, it Pseudocoel
develops parthenogenetically into
a haploid male. Males are typically
smaller, short-lived, and often lack a
functional gut; their sole purpose is
reproduction.
Class Bdelloidea: Exhibit obligate parthenogenesis.
No males have ever been observed. Females | ;
are exclusively diploid and produce diploid eggs via Sperm duct g~ Epidermis
mitosis. They have remarkable abilities Penis -
for anhydrobiosis (surviving complete desiccation)
and possess mechanisms for horizontal gene transfer,
which may compensate for the lack of genetic
recombination.
Class Seisonidea: (A small, marine group) are dioecious (separate sexes) and exhibit only sexual
reproduction, representing the ancestral condition for the phylum.

Proboscis
with spines

— Trunk

(g __ Copulatory
Y bursa —

Ecological & Evolutionary Significance

Bioindicators: Rotifer community composition is used to assess water quality and trophic status
in freshwater ecosystems.

Model Organisms: Used in studies of aging, cryptobiosis, and the evolution of sexual vs. asexual
reproduction.

Phylogenetic Position: Along with Acanthocephala, rotifers form the clade Syndermata, united
by a syncytial epidermis with an internal skeletal lamina. Acanthocephala are now understood to
be highly modified, parasitic rotifers.

Phylum Acanthocephala (Spiny-Headed Worms)

General Features and Parasitic Adaptations

Acanthocephalans are highly specialized endoparasites with a complex life cycle requiring two hosts.
Their entire biology is adapted to a parasitic existence.

Adult Habitat: Reside in the small intestine of vertebrate definitive hosts, including fish,
birds, and mammals.

Key Diagnostic Feature — The Proboscis: The anterior end bears a cylindrical,

retractable proboscis armed with multiple, longitudinal rows of recurved, sclerotized hooks.
This organ is inverted into a protective sac (the proboscis receptacle) when not in use. Upon
reaching the host's gut, it is everted and the spines anchor the worm firmly to the intestinal wall,
often causing significant tissue damage.

Body Plan: They are pseudocoelomate. The body is divided into a presoma (proboscis and
neck) and a longer trunk (metasoma).
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Chapter 6
Ecdysozoans Phyla

The superphylum Ecdysozoais a major, monophyletic clade of protostome animals definitively
established through molecular phylogenetic analyses. Its defining synapomorphy (shared derived trait) is
the presence of a non-living, multi-layered cuticle composed of structural proteins (e.g., collagen,
cuticlin) and often chitin. This cuticle is periodically shed through the process of ecdysis (molting), which
is hormonally regulated by ecdysone and related hormones. Ecdysozoans typically lack locomotory
cilia and possess amoeboid sperm. Their embryonic cleavage patterns are varied and not spiralian. The
clade exhibits immense morphological diversity, encompassing microscopic pseudocoelomates to the
hyper-diverse arthropods.
From Aschelminthes to Modern Phylogeny
Historically, several worm-like phyla sharing a pseudocoelom were grouped under the informal
term " Aschelminthes", including Kinorhyncha, Nematoda, Nematomorpha, Acanthocephala, Loricifera,
and Priapulida. This grouping was based on shared anatomical features like the pseudocoelom, a complete
digestive tract, and a cuticle. Modern molecular phylogenetics has revealed this assemblage to
be polyphyletic; the similarities are largely due to convergent evolution and shared ancestral
(plesiomorphic) traits. Most of these phyla are now correctly placed within Ecdysozoa, but they do not form
a single, exclusive evolutionary branch.
The Pseudocoelomate Body Plan
A pseudocoelom (or false coelom) is a body cavity derived from the embryonic blastocoel. It is not fully
lined by mesoderm; the mesoderm lines only the outer body wall and surrounds the gut in a partial
manner. This fluid-filled cavity serves critical functions:
¢ Hydrostatic Skeleton: Provides turgor pressure for support and antagonism for muscle
contraction, enabling movement.
e Circulation & Distribution: Facilitates the passive distribution of nutrients, gases, hormones,
and metabolic wastes.
e Organ Space: Allows for development, placement, and limited movement of internal organs
(e.g., gut, gonads).
e Gamete Storage: Acts as a reservoir for developing gametes in some species.
General Characteristics of Pseudocoelomate Ecdysozoans:
o Triploblastic, bilaterally symmetrical, and typically vermiform (worm-shaped).
Body covered by a secreted cuticle that is often molted (ecdysis).
Epidermis is frequently syncytial (multinucleate, lacking cell membranes).
Exhibit eutely (a fixed, constant number of somatic cells in adults) in several phyla.
Complete digestive tract with a specialized, often muscular pharynx.
Lack specialized circulatory and respiratory systems; gas exchange occurs via diffusion across the
body wall.
e Excretion and osmoregulation often via protonephridia with flame cells, especially in freshwater
forms.
¢ Nervous system is relatively simple, comprising an anterior nerve ring and longitudinal nerve
cords.

Phylum Kinorhyncha ('""Mud Dragons'")

General Characteristics

Kinorhynchs are microscopic, exclusively marine invertebrates, typically less than 1 mm in length. They
are a classic component of the meiofauna, inhabiting the interstitial spaces between sediment grains in
muddy and sandy sea floors from coastal to abyssal depths. Their common name, "mud dragons,"
references their habitat and their method of movement.

Morphology
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Modern Likely the basal, marine-origin clade. Subclasses: Enoplia (mostly
Molecular Class Enoplea marine predators) and Dorylaimia (freshwater/terrestrial;
Clades includes Trichinella and Trichuris).

An enormously diverse lineage containing the majority of free-living
nematodes and most of the important animal and plant parasitic groups
(e.g., Caenorhabditis, Ascaris, Wuchereria).

Nem g e Eeonomic mportance of
Nematodes

Class
Chromadoria

=)
. . . . o
e Ecosystem Engineers: In so11.and sediments, Phylum Nematoda (nemaho”dah)
they are key players as bacterlvores, The phylum of triploblastic, vermiform, unsegmented, pseudocoelomate H
I( fungivores, predators, and herbivores. They ecdysozoans. Round in cross section with longitudinal muscles only. (@)
lat . bial lati d mi li Complete digestive tract; mouth usually surrounded by sensory lips. Q_
regq ate micro l.a popula IOH'S and mineralize Excretory system usually composed of collecting tubules or renette <<
nutrients (releasmg plant—avaﬂable cells. Futely is common except in epidermal tissues. 7))
ammonium and phosphate), directly Class Chromadoria (kro'mah-dor”e-ah) =
enhancing soil fertility and plant gI'OWth. Four diverse lineages occupying marine, freshwater, and terrestrial N
Asricul 1P . Pl L d (including xeric and cryogenic soils) habitats. Three lineages =
® gricu tural Pests: ant—parasmc nematodes include free-living nematodes and many common zooparasites, and =]
(e. g, root-knot Meloidogyne, one lineage contains diverse fungal feeders and plant parasites. :
cyst Heterodera/Globodera) use a stylet to Class Enoplea (en‘o-ple) @
pierce root cells, inducing feeding sites (giant Subclass Dorylaimia . o =
. . R Diverse freshwater and terrestrial clade. No known marine :..
cells, syncytia), causing gallS, stunting, and or estuarine species. Some important zooparasites (see <
yield losses exceeding 20% globally, Trichinella spiralis). Needle-like tooth used to puncture prey. —
Management involves crop rotation, Subclass Enoplia ) &
resistant cultivars, and biocontrol (e'g" Diverse clade c_)f Mar_me nematodes. Less common in fmshwzl:tter
N DD X and terrestrial habitats. Large predators. Some plant parasites.
using fungi like Pochonia No zooparasites.

chlamydosporia or Arthrobotrys).

Model Organism — Caenorhabditis elegans: This 1 mm free-living nematode is a cornerstone of
modern biology. Its transparency, short life cycle (~3 days), eutely (959 somatic cells in the
hermaphrodite), completely mapped cell lineage and neural connectome, and sequenced
genome have revolutionized our understanding of apoptosis (programmed cell death),
neurobiology, development, aging, RNA interference, and disease mechanisms. Research

on C. elegans has yielded multiple Nobel Prizes.

Major Parasitic Nematodes of Humans

Parasi . . . .
2 asn.te Common  Primary Infection = Primary Site
(Scientific . Key Pathology
Name Route in Human ? Y
Name)
Ascaris Giant Ingestion of Small intestine | Ascariasis. Larval lung migration
lumbricoides intestinal embryonated eggs (Loeffler's syndrome) causes
roundworm | from contaminated pneumonitis. Adults can cause
food/water/soil. intestinal obstruction, malnutrition. One

nZ QO —~=2» XM

of the most common Neglected
Tropical Diseases (NTDs).

Enterobius Pinworm Inhalation or Large intestine, | Enterobiasis. Perianal itching from
vermicularis ingestion of eggs cecum egg-laying females. Highly contagious,
from contaminated common in children in temperate
environment regions.
(fingers, bedding).
Necator Hookworm | Skin penetration Small intestine | Hookworm disease. Adults attach to
americanus / by filariform intestinal mucosa, feed on blood,
Ancylostoma larvae from causing iron-deficiency anemia and
duodenale contaminated soil. protein malnutrition. A major NTD.

MK PREPARATIONS: Let’s Make It Happen
+92 333 2605045, +92 342 4470091 5|24



L MK PREPARATIONS) .-

Chapter 7

Phylum Mollusca

Phylum Mollusca is a highly successful, species-rich phylum with nearly 100,000 described living
species—more than twice the number of vertebrate species. Its success is attributed to extensive adaptive
radiation, resulting in adaptation to nearly every habitat on Earth: marine, freshwater, and terrestrial.
Molluscs are triploblastic, coelomate, protostomate organisms exhibiting cleavage and schizocoelous
coelom formation. They are placed within the Lophotrochozoa, a major protostome clade, though their
precise relationships with groups like Annelida, Brachiopoda, and Entoprocta remain a subject of ongoing
phylogenetic research.
o The vast majority of species belong to Gastropoda (snails, slugs) and Bivalvia (clams, mussels).
e C(lass Cephalopoda (octopuses, squid) has dramatically declined from an estimated 9,000 fossil
species to about 700 living species. Hypotheses for this decline include competition with
evolving vertebrate predators (bony fishes) and random evolutionary events.
e The phylum is ancient, with fossils over 550 million years old. Some evidence suggests the
Ediacaran fossil Kimberella may be an early mollusc.
Theories on Coelom Origin
1. Schizocoel Hypothesis: The coelom arose from a splitting of mesodermal bands (as in
protostomes), implying triploblastic acoelomates (e.g., flatworms) as forerunners.
2. Enterocoel Hypothesis: The coelom arose as outpocketings from the primitive gut (as in
deuterostomes), implying formation from a diploblastic ancestor.
Current understanding suggests the true origin may involve multiple independent evolutionary
events.
General Molluscan Body Plan and Characteristics
Despite incredible diversity in size (from microscopic snails to the 18m giant squid) and form, all
molluscs share a fundamental body plan.
Defining Morphological Features:

|
1. Body Regions: Gonad Heart
o Head-Foot: Anterior, muscular Intestine %ﬁﬁ/@?\ /— Coelom
7 O —

region containing the head (with Stomach S Nephridium
I —
Mantle

mouth, sensory organs) and the Bigastive:gland TS . Shell
foot (for q -
0 e N\ Gil
\ \\“ : \\ Anus
A\ %

locomotion/attachment). ,
o Visceral Mass: Dorsal region >~
containing most internal organs 7T/ | Retractor muscles |\
(digestive, circulatory, e
reproductive, excretory). L | |
2. Mantle and Shell: Head Foot
o Mantle: A specialized
epidermal tissue sheet that enfolds the visceral mass and secretes the shell.
o Shell: Typically calcareous, secreted by the mantle. It is often tri-layered:
= Periostracum: Outer organic layer (protein, conchiolin).
= Prismatic Layer: Middle thick layer (calcium carbonate & organic matrix).
= Nacreous Layer (Mother-of-Pearl): Inner iridescent layer (thin sheets of
calcium carbonate).
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Visceral mass

Nerve collar

nZO—~—-p» Xp>vmRI o

3. Mantle Cavity: A water- or air-filled space between the mantle and body wall. It is central to
biology, functioning in respiration, excretion, waste elimination, and release of gametes.

1]26
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3. Nacreous Layer: Inner "mother-of-pearl” layer,
secreted continuously by the entire mantle surface. g

In some species, it forms pearls in response to \\\\
irritants. wed mantle Mo \
B. Mantle & Mantle Cavity e )‘;

The mantle is a thin sheet of tissue that lines each valve. Its edges
may fuse to form siphons.
e Mantle Cavity: The space between the mantle and the
visceral mass. It houses the gills and foot and is the chamber Umbo —
where water flow and filtration occur. Anterior /&:F"/ o4
e Siphons: In many burrowing bivalves (e.g., clams), the / ) Grooves orteet
posterior edges of the mantle fuse to form two tubular §
siphons.
o Incurrent Siphon: Draws in oxygen- and food-rich
water.
o Excurrent Siphon: Expels filtered water, waste,
and gametes.
3. Feeding & Digestion: The Filter-Feeding Apparatus
Bivalves are masterful filter feeders. Their system is a highly efficient, cilia-driven conveyor belt.
e 1. Water Flow: Cilia on the gills and mantle create a constant current. Water enters
the ventral incurrent siphon or aperture, flows over the gills, and exits dorsally through the
excurrent siphon.
e 2. Particle Capture: The ctenidia (gills) are greatly enlarged and folded. Their surfaces are
covered in latero-frontal cilia that act

Adductor muscle scars_

% ‘- Q&Eth

~ L

>
=
=
<
J—
=
=
5
=
=
7]
€
o

like a microscopic mesh, trapping Suprabranchial
. . chamber
suspended particles (algae, detritus, Adductor muscle
. Pericardium Ventricle [\ / Mantle
bacteria) as small as 1-2 pum. :

(cut and retracted)
Rectum

e 3. Sorting & Transport: Captured
particles are entangled in mucus and )
moved by frontal cilia to food grooves Nephridium JL -yl
along the gill margins. These grooves
carry the particle-laden mucus to b
the labial palps near the mouth. Gonad |

e 4. Pre-ingestive Sorting: The labial Lamellae 1
palps are ridged, sensory organs that Food aroove
meticulously sort the collected material.
Edible particles are directed to the
mouth, while unwanted material (e.g., Mantle  Shell
silt, large particles) is rolled into pseudofeces and rejected by the palps, to be carried away by the
excurrent flow.

o 5. Digestion: The stomach contains a unique organ, the crystalline style. This gelatinous, rotating
rod, projected from the style sac, is loaded with digestive enzymes (e.g., amylase). Its rotation
against a hardened gastric shield stirs the stomach contents and slowly releases enzymes to begin
extracellular digestion.

4. Locomotion & Life Habits

e Burrowers (e.g., clams): Use a muscular, hatchet-shaped foot in a repetitive cycle: extend,
inflate with blood to form an anchor, then contract to pull the animal down into the sediment.

e Byssally Attached (e.g., mussels): The foot secretes a bundle of strong, elastic proteinaceous
threads (the byssus) that tether the animal to rocks, pilings, or other hard substrates.

MK PREPARATIONS: Let’s Make It Happen
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Class Polyplacophora, commonly known as chitons, represents a small but evolutionarily significant and
ancient lineage of mollusks. Often described as "living fossils," they retain several primitive molluscan
characteristics, providing a window into the early evolution of the phylum. Their most distinctive feature
is the eight-part dorsal shell, which gives the class its name ("many plate-bearers"). They are exclusively
marine, benthic grazers, supremely adapted to life in the wave-slammed intertidal zone.

2. Morphology & The Unique Shell System

A. The Eight-Valved Shell

The chiton shell is a composite structure, fundamentally different from the single or bivalved shells of

~ L

chitons to withstand extreme wave  :) orgnell
action. The foot is also used for
slow, creeping locomotion via muscular waves.
e Mantle Cavity & Gills: The mantle forms two long grooves, or pallial grooves, running along
the sides of the body between the foot and the girdle.
o Multiple Gills: Unlike most mollusks, chitons possess numerous (6 to 80+ pairs)
of bipectinate gills (resembling feathers) suspended in these pallial grooves. Water flows
into the grooves anteriorly, passes over the gills for respiration, and exits posteriorly,
carrying away waste.
o  This multiple-gill condition is considered a primitive trait within mollusks.
3. Feeding & Digestion
Chitons are almost exclusively herbivorous grazers.

e The Radula: They possess a long, robust, and mineralized radula (tongue). The rachidian teeth
at the center of the radular ribbon are often capped with magnetite (an iron mineral) or other hard
materials, making them exceptionally tough.

¢ Feeding Process: Using their powerful foot to cling tightly, they rasp the radula back and forth
over rocky substrates, scraping off microalgae, diatoms, and other microbial films. The constant

other mollusks. .\]
e Structure: It consists of eight separate, overlapping calcareous plates (valves) arranged in a )
longitudinal row. The valves are articulated, allowing a significant degree of upward flexure. =
e Girdle (Perinotum): The valves are embedded in and surrounded by a thick, muscular, leathery {_<_'
P mantle tissue called the girdle. The girdle can be smooth, scaly, or bristly with chaetae (chitinous ot
spines).
¢ Function: E
R o Flexibility & Protection: The articulating design allows the animal to conform tightly to z
irregular rocky surfaces. When dislodged, it can convexly flex (curl into a ball), =
E protecting its vulnerable ventral side—a trait reminiscent of armadillos or pill bugs. —
o Self-Righting: The broad, =
flat foot and strong girdle _ . Mantle Gonad  Sphell valves %
P musculature allow a curled Dl'gejt"’e &
chiton to unroll and reattach gan v 1 Pericardial
A swiftly cavity
’ Radula Tt
B. Body Plan & Anatomy = __Heart
R e Head: Greatly reduced, lacking
tentacles and eyes. This reflects Nerve
A their non-selective grazing lifestyle. ~ ""9
e Foot: Alarge, broad, and N
T potwerfully n;uscular Ventraltfoot. It Mouth ¢ Tt
acts as a suction cup, generating
I tremendous adhesive force, enabling E;;élne denft;g?r:ng Nephridium Stomgssme Essjal nerve
O
N
S
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Chapter 8

Phylum Annelida

Phylum Annelida (Latin annelus, "little ring") comprises the segmented worms, a diverse group
of triploblastic, coelomate, bilaterally symmetrical invertebrates. The phylum includes familiar
carthworms, leeches, and marine polychaetes, as well as groups once classified separately (e.g., spoon
worms, peanut worms, beardworms). Their most defining and transformative evolutionary innovation is
metamerism — a body plan divided into a linear series of similar units (metameres or segments), each
containing repeated components of major organ systems. Molecular phylogenetics has dramatically revised
annelid classification, confirming the phylum's monophyly and its placement within the Lophotrochozoa,
sharing a common ancestor with molluscs, flatworms, and other spiral-cleaving protostomes.
Characteristics of Phylum Annelida

e Metamerism (True Segmentation): The body is divided into numerous

similar metameres arranged in a linear series. Internal divisions are marked by septa.

e Coelom: A well-developed, fluid-filled schizocoelous coelom (derived from mesodermal splits)
is present in each segment. It functions primarily as a hydrostatic skeleton.

¢ Body Wall: Comprises an outer, non-chitinous cuticle secreted by a columnar epidermis,
underlain by layers of circular and longitudinal muscles.

e Setae (Chaetae): Most annelids bear paired, chitinous bristles called setae (except in leeches and
some derived groups). They are used for locomotion and anchorage. Paired epidermal setae are
considered an ancestral trait.

Organ Systems:

o Digestive System: A complete, tubular gut running from mouth to anus, perforating each
septum. It is not segmented internally.

o Circulatory System: Typically a closed circulatory system with dorsal and ventral
longitudinal vessels, often containing respiratory pigments (hemoglobin, chlorocruorin,
or hemerythrin) dissolved in the plasma.

o Excretory System: Primarily metanephridia (one pair per segment), though some
primitive forms have protonephridia.

o Nervous System: Consists of a pair of dorsal cerebral
ganglia ("brain"), circumpharyngeal connectives, and a double ventral nerve
cord with paired segmental ganglia.

¢ Reproduction: Exhibits both sexual (dioecious or monoecious) and asexual (fission, budding)
strategies. Many marine forms have a free-swimming trochophore larva.

Metamerism and the Annelid Body Plan

Structural Organization

The annelid body is divided into three main regions:

1. Head (Prostomium & Peristomium): The anterior end. The prostomium is a pre-oral lobe
bearing sensory organs (eyes, tentacles, palps). The peristomium is the first segment surrounding
the mouth.

2. Segmented Trunk: A linear series of metameres. Each typically contains a pair of nephridia,
ganglia, blood vessels, and a coelomic compartment. Lateral appendages called parapodia may
be present.

3. Pygidium: The terminal segment bearing the anus. New segments are produced from a growth
zone just anterior to the pygidium.

The Coelom as a Hydrostatic Skeleton
The coelomic compartments are central to annelid locomotion. Each segment's coelom is isolated by
septa and filled with incompressible fluid.
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Chapter 9

Phylum Arthropoda

Phylum Arthropoda (Greek: arthron = joint, podus = foot) is the largest and most diverse animal phylum,
containing well over 1 million described species and probably several million undescribed species. The
phylum includes insects, spiders, scorpions, mites, ticks, crustaceans, millipedes, centipedes, and extinct

trilobites.

Arthropods occupy virtually all habitats — marine,
freshwater, terrestrial, aerial, and parasitic niches.
Their evolutionary "blueprint for success' is based
on: metamerism with tagmatization, chitinous

Characteristics of Phylum Arthropoda

Jointed appendages; ancestrally, one pair to each segment,
but number often reduced; appendages often modified for
specialized functions

.. .. N 2. Living in marine, freshwater, and terrestrial habitats; many
jointed exoskeleton, jointed appendages, ecdysis capable of flight
(molting), highly developed sense organs, and in 3. Free-living and parasitic taxa
many groups metamorphosis. 4. Bilateral symmetry; segmented body divided into functional
groups called tagmata: head and trunk: head. thorax, and
POSITION AND PHYLOGENETIC abdomen or cephalothorax and abdomen: definite head
RELATIONSHIPS 5. Triploblastic body
. LR I 6. Reduced coelom in adult; most of body cavity consisting of
Arthropods belong to Protostomia, within the :
! . hemocoel (sinuses, or spaces, in the tissues) filled with blood
Superphylum ECdySOZOﬁ (anlmals that molt a CUUCle)a 7. Cuticular exoskeleton; containing protein. lipid, chitin, and
which includes Nematoda, Nematomorpha, and often calcium carbonate secreted by underlying epidermis and
other molting animals. Wlthln Ecdysozoa, arthropods shed (molted) at intervals; chitin occurs less pervasively in
. some other groups
plU.S Onychophora (Velvet worms) and Tardlgrada 8. Complete digestive system; mouthparts modified from
(Water bears) form Panarthropoda —all ancestral appendages and adapted for different methods
characterized by segmented bodies, paired of feeding: alimentary canal shows great specialization by
a by having, in various arthropods, chitinous teeth, compartments,
appendages, hemocoel, and cuticular molting. and gastric ossicles
Modern Phylogenetic View 9. Complex muscular system, with exoskeleton for attachment,
Modern classification recognizes three maj or striated muscles for rapid actions, smooth muscles for visceral
) organs; no cilia
arthropod groups ba}sed on mogthpar‘f types: 10. Nervous system similar to that of annelids, with dorsal brain
* Subphylum Chelicerata — First pair of appendages connected by a nng around the gullet to a double nerve chain
are chelicerae (piercing/pincer-like); no antennae. of ventral ganglia; fusion of ganglia in some species
Includes spiders SCOYpiOHS mites. ticks. horseshoe 11. Well-developed sensory organs; behavioral patterns much more
. ’ > i complex than those of most invertebrates, with wider occur-
crabs, and sea spiders. s
* Subphylum Mandibulata — Possess mandibles 12. Parthenogenesis in some taxa
(jaw-like structures); 1-2 pairs of antennae. Includes 13. Sexes usually separate, with paired reproductive organs and
. . e1q} ducts: usually internal fertilization; oviparous, ovoviviparous,
Myriapoda (centipedes, millipedes) and or viviparous: often with metamorphosis
Pancrustacea (crustaceans and hexapods). 14. Paired excretory glands called coxal, antennal, or maxillary
* Subphylum Trilobitomorpha — All extinct; %ds gﬁ{mnt ti)rilisom; others with excretory organs called
. . [pighian tubules
dominated Paleozoic seas.. . 15. Respiration by body surface, gills, tracheae (air tubes), or
Important Note on Classification book lungs
Hexapoda is now placed inside Pancrustacea, 16. Open circulatory system, with dorsal contractile heart,

making traditional "Crustacea" paraphyletic from a
modern cladistic perspective.

arteries, and hemocoel (blood sinuses)

GENERAL CHARACTERISTICS OF PHYLUM ARTHROPODA

Metamerism with Tagmatization

Arthropod bodies show external segmentation into repeating units (metameres), each typically bearing a
pair of appendages. However, internally, septa are largely absent; most organ systems are not fully
repeated segment-by-segment, representing a reduction from ancestral annelid-like conditions.
Tagmatization is the fusion and specialization of segments into functional units called tagmata. Typical

patterns include:

» Head, thorax, abdomen (hexapods, many crustaceans)
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Arthropod Appendages

UNIRAMOUS vs. BIRAMOUS Eﬁ

Endopod _[Jl %h
Exopod - |

Endopod
Exopod

i

Exopod

{

Endopod —

Arthropod Mouthparts

CHELICERAE ws. MANDIBLES

epodoayiay wnjAyd 6

Right mandible

Q Left mandible
-y

1

Chelicerae

Structural Modifications

Invaginations of the cuticle form ridges and bars where muscle attachment sites (apodemes) develop.
Thin, flexible articular membranes exist at joints between hardened sclerites, allowing movement.
Sensilla (setae, pegs, lenses) are specialized sensory structures. Additionally, in many insects, elastic
regions of procuticle (such as resilin) store and release energy for jumping and high-frequency wing beats.
Jointed Appendages

Types of Appendages

Arthropods primitively possess one pair of jointed appendages per body segment, highly modified for
specialized functions:

* Biramous (two-branched) appendages — found in crustaceans and trilobites, with protopod (base),
endopod (inner branch), and exopod (outer branch)

* Uniramous (single-branched) appendages — found in insects, myriapods, and some crustaceans
Specialization Examples

Appendages show remarkable serial homology and specialization:

* Antennae — sensory (chemoreception, mechanoreception)

* Mandibles & maxillae — feeding, food manipulation

* Walking/running legs — locomotion

* Chelae/chelicerae — prey capture, defense, feeding

MK PREPARATIONS: Let’s Make It Happen
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* Book lungs — invaginated sacs with stacked lamellae; air flows between lamellae, blood within; diffusion
of gases across thin walls

* Tracheae — chitin-lined tubes opening via spiracles; deliver air directly to tissues (independent origin
from insect tracheae)

Order Scorpionida — Scorpions

The body divides into:

Prosoma — carapace with median Median eye
and lateral eyes; small chelicerae, Chelicera Walking legs | tabdominal sting

large chelate pedipalps
. : \
5
- d

Lateral eye

chemo- and mechanoreceptors), Pedipalps

genital openings

» Postabdomen (tail) — narrow; ends - '

in sting with venom gland and S
i

2
Opisthosoma with: /‘;Q \) .
* Preabdomen — broader; contains g " \ / 2 S
book lungs, pectines (comb-like /’ / / '
i
o f

&
Ir=Sa%

hollow aculeus

Most species' venom is comparable N 9 N

to a wasp sting; a few species (such C O I\ \

as Androctonus and Centruroides) . A =

can be lethal to humans. Prosoma Preabdomen Postabdomen
Reproduction b g

Complex courtship "dance'; male (b) Opisthosoma

deposits spermatophore on substrate and maneuvers female over it. Many scorpions are ovoviviparous or
viviparous; development can take up to 1.5 years. Young climb onto mother's back after birth and remain
there until after first molt.

Order Araneae — Spiders

Prosoma contains chelicerae (bearing venom glands and fangs), leg-like pedipalps (male pedipalps
specialized for sperm transfer), and usually 8 simple eyes. Prosoma and opisthosoma are connected by
narrow pedicel, allowing flexibility. Opisthosoma contains reproductive openings, book lungs and/or
tracheae, and spinnerets (2—8) connected to numerous silk glands.

Spider Silk

Silk is a protein (rich in glycine and alanine), secreted as a liquid and hardening as it is drawn out of
spinnerets. Properties include very high tensile strength, elasticity, and durability — stronger (per mass)
than high-grade steel. Different types of silk with different compositions are used for:

* Orb webs, frame and sticky capture spirals

» Egg sacs, draglines, safety lines, wrapping prey, ballooning (juveniles dispersing on air currents)
Feeding and Venom

All spiders are predatory; many rely on webs, while others actively hunt or ambush. Typical feeding
sequence: envenomation — immobilization — external digestion with injected enzymes — suction of
liquefied tissues by pumping stomach. Most venoms are harmless to humans; medically important genera
include:

* Latrodectus (black widow) — neurotoxic venom

* Loxosceles (brown recluse) — venom causes necrotic lesions

Reproduction

Male spins sperm web, transfers sperm to pedipalps, and then inserts them into female genital opening
during copulation. Females lay eggs in protective silk cocoons; some provide parental care. Development
usually occurs without true metamorphosis; spiderlings resemble small adults.

Order Opiliones — Harvestmen (Daddy Longlegs)
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Symphyla are small (2—10 mm), elongate arthropods ("garden centipedes"); 12 leg-bearing segments, lack
eyes; live in soil and leaf mold, feeding on decaying vegetation; some species are greenhouse and garden
pests.

SUBPHYLUM HEXAPODA

Six-legged arthropods with three tagmata: head, thorax, abdomen. The thorax divides into prothorax,
mesothorax, metathorax; each bears a pair of uniramous legs; wings (if present) are on meso- and
metathorax. The head bears one pair antennae, compound eyes, ocelli, and various mouthparts (chewing,
sucking, etc.). The abdomen typically has 10—11 segments, usually without locomotory appendages except
cerci and reproductive structures.

A tracheal system provides gas exchange; Malpighian tubules handle excretion; open circulation occurs
with a dorsal vessel. Two main classes exist: Entognatha (mouthparts enclosed; small, wingless) and
Insecta (ectognathous, usually winged).

Class Entognatha (Brief)

Small, wingless, soil/surface-dwelling hexapods with entognathous mouthparts (enclosed within head
capsule). Important orders include:

* Protura — minute, eyeless, no antennae; abdominal appendages

* Diplura — eyeless, long antennae, paired cerci

* Collembola (springtails) — extremely abundant in soil and leaf litter; furcula for jumping; important
decomposers

CLASS INSECTA - INSECTS

Insects comprise the most diverse class of animals — about 3/4 of all described animal species are insects.
Their terrestrial success is based on: flight, small size, waxy cuticle, efficient tracheal system and water-
conserving excretion, metamorphosis, and diverse feeding adaptations.

External Structure

Coxa

Trochanter

Femur

Tibia

/-”,."‘

Velum

\ e Pollen basket

T
E >/ .
b ? i i
F) ¥ '

Antenna / \\
cleaner L N

Tarsus \\_

Pecten

Pollen comb

packer

Pollen (auricle)

brush

Hindleg

Foreleg
(medial view)

Rl Hindleg

(lateral view)

Head

Bears antennae, compound eyes, ocelli, mouthparts. Antennae have many shapes (filiform, clavate,
plumose, etc.); they are primary organs of smell (olfaction) and also sense touch and sometimes hearing.
Mouthparts — Types and Examples
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Chapter 10
Phylum Echinodermata

Echinodermata is a wholly marine phylum of triploblastic, coelomate deuterostomes. The name
derives from Greek: echinos (spiny) + derma (skin), referring to their characteristic calcareous
endoskeleton often bearing spines. They are a classic "noble group especially designed to puzzle the
zoologist" due to their unique combination of features not found in any other animal group. Adults
exhibit pentaradial symmetry, a derived condition from a bilateral ancestor, as confirmed by
their bilateral larval stages and fossil record. They occupy diverse benthic habitats, from intertidal zones

to abyssal depths, and play crucial ecological roles.
General Diagnostic Characteristics
The phylum is defined by a suite of
unique characteristics:

Il

Characteristics of Phylum Echinodermata

Unique water-vascular system of coelomic origin extends

1. Pentaradial Symmetry: The : . , . : S .
adult body is organized in five from body surface as series of tentacle-like projections (podia,
parts (or multiples or tube feet) protracted by increase of fluid pressure within
thereof) around a central oral- them; opening to exterior (madreporite or hydropore) usu-
aboral axis. ally present

2. Water-Vascular System 2. Living ip marine habitats
(Ambulacral System): A 3. Free-living taxa L .
unique, coelom-derived 4. Body unsegmented (nonmetameric) with pentaradial
hydral’llic system used for symmetry; body rounded, cylindrical, or star-shaped, with five
locomotion, feeding or more radiating areas, or ambulacra, alternating with interam-
attachment, and respiration. It bu.lacral areass no head

. . 5. Triploblastic body
terminates externally in tube P .. . L
feet (podia) 6. Coelom extensive, forming perivisceral cavity and cavity of

3 En doskelet(;n° Composed water-vascular system; coelom of enterocoelous type; coelomic
of calcareous ossicles (plates fluid with amEbof: ytes . : . .
or spicules) of calcium 7. Endoskeleton of dermal calcareous ossicles with spines or of
carlfona te (calcite) with a calcareous spicules in dermis; covered by epidermis (ciliated in
distinctive mesh- most); pedicellariae (in some)
like stereom structure. The 8. Digestive system usually complete; axial or coiled; anus absent
ossicles may be articulated or In ophiuroids . .
fused to form a rigid test 9. Skeletal elements connected by ligaments of mutable collage-

4  Mutable Collagenous Tissue nous tissue under neural control, ligaments can be “locked” into

’ (Catch Colla egn)' Specialized rigid posture or relaxed to allow free movement at will; locomo-
connective tis%ue l.mdper neural tion by tube feet, which project from ambulacral areas, by
control that can rapidly movement of spines, or by movement of arms, which project
change stiffness, allowing from central disc O.f bo@y . .
energy-efficient posture 10. Nervous system with circumoral ring and radial nerves; usually
maintenance, autotomy (self- two or three systems of networks located at different levels in
amputation) ,and rotg::tion the body, varying in degree of development according to group

5 Defmal Brz;nchi:e ’ 11. No brain; few specialized sensory organs; sensory system of

’ (Papulae): Thin-walled tactile and chemoreceptors, podia, terminal tentacles, photore-

e - ’ tors, and statocyst
finger-like extensions of the cepiors, and staocys's
body wall (skin gills) used for respiration in some classes.
6. Pedicellariae: Minute, pincer-like structures on the body surface, often stalked, used for defense

and cleaning.
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7. Deuterostome Development: Exhibiting radial, indeterminate cleavage, enterocoely (coclom
formation from gut pouches), and formation of the mouth from a secondary opening (not from the

blastopore).

Classification of Extant Echinoderms

Living echinoderms are divided into five extant classes, traditionally grouped into two subphyla based on

lifestyle and orientation.
Major Subphyla and Classes of Echinodermata

Subphylum

Pelmatozoa (Sessile,
oral surface up)

Class

Crinoidea

Common Name

Sea Lilies & Feather
Stars

Key Defining

Features

Sessile or free-
moving; branched,
pinnulate arms;
mouth & anus on oral
surface facing
upward; possess
a stalk (lilies)
or cirri (feather
stars).

Examples

Antedon (Feather
star), Metacrinus (Sea

lily)

Eleutherozoa (Free-
living, oral surface
down)

Asteroidea

Sea Stars / Starfish

Star-shaped; arms
not sharply
demarcated from
central disc; open
ambulacral
grooves with
suckered tube feet;
madreporite aboral.

Asterias, Pisaster, Pen
taceros

Ophiuroidea

Brittle Stars &
Basket Stars

Arms long, slender,
and sharply
demarcated from
central disc; closed
ambulacral grooves;
tube feet lack suckers;
madreporite oral; no
anus.

Ophiura, Ophiothrix,
Gorgonocephalus

Echinoidea

Sea Urchins & Sand
Dollars

Globular or
flattened body with
no arms;
endoskeleton forms a
rigid test; movable
spines;
possess Aristotle's
lantern (jaw
apparatus).

Strongylocentrotus, Ec
hinus, Clypeaster

MK PREPARATIONS: Let’s Make It Happen
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Elongated,
cylindrical, worm-
like; secondary
bilateral symmetry;
Holothuroidea Sea Cucumbers leathery body with
microscopic
ossicles; respiratory
trees; madreporite
internal.

Holothuria, Cucumari
a, Parastichopus

Class Crinoidea (Sea Lilies _ o
Phylum Echinodermata (i-ki"na-dur'ma-tah)

~ L

& Feather Stars) The phylum of triploblastic, coelomate animals whose members are

Form, Orientation & External pentaradially symmetrical as adults and possess a water-vascular

Morphology system and an endoskeleton covered by epithelium. Pedicellaria
¢ Body Division: The body is often present.

divided into two main regions:
o - The Crown (Calyx +
Arms): Contains all
major organ systems.
o The Holdfast: For

Class Crinoidea (krin-oi'de-ah)

Free living or attached by an aboral stalk of ossicles; flourished in
the Paleozoic era. Sea lilies; feather stars. Approximately 630
living species.
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attachment. This is Class Asteroidea (as"te-roi‘de-ah)
a long, jointed stalk in Rays not sharply set off from central disk; ambulacral grooves with
sea lilies and a set tube feet; suction disks on tube feet; pedicellariae present. Sea
of prehensile cirri in stars. Approximately 1,800 species.
feather stars. Class Ophiuroidea (o-fe-u-roi'de-ah)
 Calyx Structure: The cup- Arms sharply marked off from the central disk; tube feet without
shaped calyx is the main body, suction disks. Brittle stars. More than 2,000 species.

composed of calcified plates. It
houses the viscera.
o Dorsal Cup
(Aboral): The base of
the calyx attached to the

Class Echinoidea (ek"i-noi'de-ah)

Globular or disk shaped; no rays; movable spines; skeleton (test) of
closely fitting plates. Sea urchins, sand dollars. Approximately
1,000 species.

stalk or cirri. Class Holothuroidea (hol"o-thu-roi'de-ah)

o Oral Disc (Ventral): The No rays; elongate along the oral-aboral axis; microscopic ossicles
upper surface, bearing embedded in a muscular body wall; circumoral tentacles. Sea
both the mouth (central cucumbers. Approximately 1,700 species.

or slightly off-center) and
the anus (typically on a raised anal cone).
e Arm & Pinnule Structure:

o Arms: Typically 5, but often branch once or multiple times at the axillae, giving 10, 20,
or more arms. This increases the filtering surface area.

o Pinnules: Small, lateral, finger-like appendages arranged alternately along the length of
the arms. They are soft, highly flexible, and bear the tube feet (podia). They give the
arms a delicate, feathery appearance.

e Cirri & Stalk:

nZQO—~=p» xXppomRI
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o Stalk (Sea Lilies): Composed of numerous disc-shaped ossicles (columnals) stacked like
vertebrae and connected by ligaments. May bear whorls of cirri along its length for
additional stability. The stalk lifts the crown into
water currents.

o Cirri (Feather Stars): A whorl of jointed, claw-like
appendages at the aboral end of the calyx. Used
for temporary attachment to the substrate, algae,
or coral. Feather stars can actively crawl and even
swim by rhythmic arm movements.

Water-Vascular System: Specialization for Feeding
e Open Ambulacral System: Unlike in other eleutherozoans,
the ambulacral grooves are open and conspicuous,
running along the oral surface of the arms and pinnules.
They are lined with ciliated epithelium.
e Absence of Madreporite & Modifications: There is no
distinct madreporite. Seawater percolates into the system

Pinnules

Arm

Calyx

~ L

Cirri

Stalk

Skeletal

through a multitude of dermal pores scattered over the body t [ & e
surface, especially on the oral disc. S
e Tube Feet (Podia): Simple, non-muscular, and lack suckers /: C
and ampullae. They are extensions of the radial canals, \f 2
covered in secretory epithelium. Their primary functions are: ( o
1. Food Capture: Secrete mucus to trap suspended ¢
particles.
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2. Sensory Reception.

e Coelomic Pressure for Extension: Tube feet are extended &
by increased coelomic fluid pressure within the water- f.w‘ ﬁ
vascular canals, not by ampullar contraction. g i

Feeding Mechanism: Passive Suspension Feeding

o Posture: The crown is oriented with the oral surface facing upward into prevailing currents.
Arms are typically spread in a parabolic fan.

e Process: A coordinated, multi-step process:

1. Trapping: Plankton and organic detritus (seston) contact the sticky mucus secreted by
the podia on the pinnules.

2. Conveyance: Beating cilia lining the ambulacral grooves create a continuous current
flowing towards the mouth.

3. Transport: The trapped food, entangled in mucus strings, is carried along the grooves,
down the arms, and into the ambulacral (food) grooves on the oral disc.

4. Ingestion: Ciliary tracts on the oral disc converge at the mouth, where the mucus food
bolus is ingested.

e Ancestral State: This mode of feeding is considered the primitive, ancestral function of the
echinoderm water-vascular system, later co-opted for locomotion in other classes.

Internal Anatomy & Physiology

e Digestive System:

o U-shaped Gut: The mouth leads to a short esophagus, a large stomach within the calyx,
and an intestine that loops and terminates at the anus on the oral disc.

o Digestive Glands: Paired digestive glands (pyloric caeca) extend from the stomach into
the arms, providing secretory and absorptive surfaces.

e Circulation, Respiration & Excretion:

o No specialized respiratory or excretory organs.

MK PREPARATIONS: Let’s Make It Happen
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o Gas Exchange: Occurs by diffusion across the extensive, thin epithelium of the tube feet
and pinnules.

o Excretion: Ammonia and other wastes diffuse directly into the surrounding
seawater. Coelomocytes (phagocytic cells within the coelomic fluid) also collect and
transport waste particles.

o Circulation: The hemal system is simple. Nutrient distribution is primarily via the
circulation of coelomic fluid, driven by cilia lining the coelomic spaces.

Nervous System:

o No circumoral nerve ring. Instead, a centralized chambered organ (a cup-shaped nerve
mass) lies below the calyx.

o From this central mass, radial nerves extend into each arm to coordinate movement and
feeding.

o Sensory cells are abundant on podia and pinnules.

Reproduction, Development & Life History

Sexuality: Most are dioccious. Gonads are located in the genital pinnules—specialized swollen
pinnules located near the base of the arms.
Gamete Release & Fertilization: Gametes are released through microscopic pores in the pinnule
walls. Fertilization is usually external in the water column.
Larval Development:
o Doliolaria Larva: The fertilized egg develops into a free-swimming, barrel-
shaped doliolaria larva. It is encircled by several bands of cilia used for locomotion and
is bilaterally symmetrical.
o Metamorphosis: After a brief planktonic period (hours to days), the larva settles on the
substrate. It attaches by an anterior adhesive pit and undergoes a radical metamorphosis:
= The attached end develops into the stalk.
» The free end forms the calyx and the first five arms.
» In feather stars, the stalk is eventually resorbed or broken off at maturity.
Brooding: In some cold-water or deep-sea species, brooding is common. Eggs are retained in
specialized brood pouches on the pinnules or arms, where they are fertilized (via sperm entering
the pouch) and develop directly into doliolaria larvae or even miniature adults, enhancing
offspring survival.
Regeneration: High regenerative capacity. Can regenerate lost arms, pinnules, and even parts of
the visceral mass. Some species can reproduce asexually via stalk fragmentation.

Evolutionary Significance & Fossil Record

"Living Fossils": Crinoids are the most ancient and primitive of extant echinoderm classes, with
a body plan closest to the hypothesized ancestral echinoderm.

Extensive Fossil Record: They have an unparalleled fossil record dating to the Ordovician
period (~480 mya). During the Paleozoic (especially the Carboniferous "Age of Crinoids"), they
were extraordinarily abundant, forming vast submarine "meadows." Their fossilized stems
(columnals) are common limestone components.

Phylogenetic Position: Considered the sister group to all other living echinoderms (the
Eleutherozoa). Their sessile/sedentary, mouth-up, suspension-feeding lifestyle represents

the plesiomorphic (ancestral) condition for the phylum.

Distinguishing Features of Sea Lilies vs. Feather Stars

Feature Sea Lilies (Order Isocrinida, etc.) Feather Stars (Order Comatulida)
Adult Lifestyle Sessile; per;r;%r;frn;tley attached to Free-living; can crawl, swim, and temporarily attach.
Holdfast Long, jointed stalk (may have cirri). A whorl of prehensile, zL&:iw-llke cirri at the aboral
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Present only in juvenile stage; shed or resorbed in the

Stalk in Adult Present and retained throughout life. adult

Very limited; can bend stalk but not

Mobility relocate. Highly mobile; use arms for swimming and crawling.

Habitat Predominantly deep-sea environments. More common in shallow, tropical reefs and
temperate zones.

Feeding Uses cirri to perch on elevated substrates (e.g., coral,

Stalk elevates crown into currents.

Posture sponges).

Ecological Role: As efficient suspension feeders, crinoids play a significant role in energy transfer from
the plankton to the benthos, especially in deep-sea ecosystems where they can be dominant fauna.

Class Asteroidea (Sea Stars)

Form, Orientation & External Morphology

¢ Arm Number & Structure: While typically pentaradial (5 arms), many species have 6 or more
arms (e.g., Leptasterias hexactis has 6, Heliaster can have up to 50). The arms are not sharply
demarcated but are broad-based continuations of the central disc.

¢ Body Wall & Endoskeleton: The body wall consists of:

1. Epidermis: A ciliated, single-cell layer.

2. Dermis: Contains the endoskeleton of separate calcareous ossicles. These are bound by
mutable collagenous tissue, allowing the body wall to be alternately rigid or
flexible under neural control—a unique echinoderm trait.

3. Coelomic Epithelium: Lines the internal cavity.

e Surface Features:

o Aboral Surface: Bears tubercles and various types of spines. The madreporite is
located interradially (between two arms).
o Oral Surface: The central mouth is on a soft, flexible region called the peristome. Each
arm has a prominent, open ambulacral groove.
Specialized Structures
e Pedicellariae: Small, pincer-like structures mounted on movable stalks. They are modified
ossicles and function as defensive and cleaning tools. There are two main types:
o Forceps-like (Straight): For removing debris and parasites.
o Crossed (Scissor-like): Often venomous in some species, used for defense against small
predators and larvae.

¢ Dermal Branchiae (Papulae): Thin-walled, finger-like extensions of the coelomic cavity
through gaps in the ossicles. They vastly increase surface area for respiration and also function
in excretion. They are protected within spines when not in use.

Water-Vascular System & Locomotion in Detail

e Hydraulic Mechanism: The system is a closed hydraulic network. Seawater enters via the
madreporite, passes down the stone canal (often lined with calcareous deposits) to the ring
canal encircling the mouth.

e Ampullar Action: Each tube foot is a complex organ. Its extension is powered by the
contraction of the ampulla (a muscular bulb). Contraction forces fluid into the podium, extending
it. Longitudinal muscles in the podium wall then contract to shorten the foot, forcing fluid back
into the ampulla.

e Adhesion: The sucker creates a temporary vacuum seal via muscular action. Secretions from the
adhesive gland provide temporary attachment, while the de-adhesive gland secretions allow for
controlled release.
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e Coordination: Tube feet operate in coordinated waves, but not in unison. The radial nerve in
each arm controls this stepping motion, creating a slow but powerful and versatile locomotion
system capable of moving in any direction without turning.

A, Internal anatomy of a sea
star. B, Water-vascular system. Podia penetrate
between ossicles. (Polian vesicles are not Tube feet <8
present in Asterias.) C, Cross section of arm at i
level of gonads, illustrating open ambulacral
grooves.

Madreporite —_°

Anus —

~ L
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r L( . Pyloric stomach Eye spot

Pyloric duct
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Pyloric cecum
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_~ Apical longitudinal
muscle and nerve

Tube foot Lateral canal Ossicle

Tiedemann's — ¢

body f B : R —
¢ L7 7 Ty

Radial canal —

\Ce { __ £
ateral canal —\’— T = /gfétf/—- Radial nerve
C =— Sucker
Feeding Biology & Digestive System

e Diet: Carnivorous predators dominating benthic communities. Prey includes bivalves (mussels,
clams), gastropods, barnacles, crustaceans, other echinoderms, and even fish.
¢ Bivalve Predation - A Detailed Sequence:

1. Detection & Mounting: The sea star locates prey chemotactically and mounts it, arching
its disc.

2. Attachment: Hundreds of tube feet attach to both valves of the shell.

3. Steady Pull: The sea star adopts a hunched posture, applying constant tension via its
tube feet and body wall muscles. This utilizes catch connective tissue in its ligaments to
maintain force with minimal energy expenditure.

4. Fatigue & Gaping: The bivalve's adductor muscles fatigue, causing a microscopic gap
(as little as 0.1 mm).

5. Stomach Eversion: The sea star increases coelomic pressure, everts its cardiac
stomach through its mouth and into the gap.

6. External Digestion: Digestive enzymes (proteases, lipases) are secreted directly onto the
bivalve's soft tissues, liquefying them.

Radial canal

Ampulla

nZO—~—-p» Xp>ovmRI o
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7. Ingestion: The partially digested soup, along with the now-retracted stomach, is drawn

into the pyloric stomach.

¢ Internal Digestion: Digestion continues within the paired pyloric ceca in each arm, which are
major sites of enzyme secretion, absorption, and nutrient storage (glycogen, lipids).

e Adaptations: Some species are specialized feeders (e.g., Acanthaster planci, the crown-of-thorns
starfish, feeds on coral polyps; Pteraster feeds on sponges).

Internal Transport, Respiration & Excretion

e Hemal System: A poorly defined but important
channel system. It consists of:

o Axial Gland: The main hemal vessel,
runs alongside the stone canal.

o Oral & Aboral Rings: Connect
to radial hemal strands in each arm.

o Function: Likely distributes nutrients
from the digestive glands and
coordinates neuroendocrine functions.

e Perivisceral Coelom: The main body cavity. Its
fluid, moved by cilia, transports gases, nutrients,
and wastes. Coelomocytes (amebocytes) within
it are phagocytic and involved in waste
transport, clotting, and immune functions.

o Respiration: Primarily via dermal branchiae.
Gas exchange also occurs across the thin walls
of tube feet.

nh ~ A,J'\ n W Anus
e Ty A
L] Y

A ™M __ Aboral hemal
_ ring
Dorsal sac

Stone canal

— Pyloric hemal

Axial canal
complex T

" Gastric hemal
Cardiac ring
stomach

Axial sinus

Ring canal
Perihemal
ring

Mouth Oral hemal ring  Radial hemal canal

e Excretion: Nitrogenous waste (mainly ammonia) diffuses out through the dermal branchiae and
tube feet. Specialized excretory organs are absent. Phagocytic coelomocytes also accumulate

waste and may exit via the papulae.
Nervous System & Sensory Biology
e Decentralized Nervous System:

1. Ectoneural System: The dominant system. Includes the oral nerve ring and radial
nerves running under each ambulacral groove. Controls locomotion and tube feet.
2. Hyponeural System: Motor system lying below the ectoneural system, controlling body-

wall muscles.

3. Aboral (Coelomic) System: Minimal, coordinates the aboral body wall.

e Sensory Structures:

o Terminal Tentacle: The tube foot at the tip of each arm is modified into a
sensory eyespot. It contains 80-200 simple ocelli capable of detecting light and dark,

aiding in orientation.

o Chemoreception: Highly developed, located on podia and the epidermis. Critical for

finding prey.

o Mechanoreception: Sensitive to touch and current.

Reproduction, Development & Regeneration
e Sexual Reproduction:

o Gonads: Paired in each arm, located interradially. Gametes are released into seawater

via gonopores.

o Spawning Synchrony: Often triggered by environmental cues (temperature,
photoperiod) and pheromones to ensure mass spawning.
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o Larval
Development: The bipinnaria larva
is a feeding, bilaterally symmetrical
planktotroph. It may metamorphose
into a brachiolaria larva, which
uses adhesive arms to settle before
metamorphosis. Some species have
non-feeding (lecithotrophic) larvae.
e Asexual Reproduction: Common
via fission (splitting of the central disc)

.':,,ffd Ciliary band

Anus —— BT

M or autotomy of arms, followed by (e) Early bipinnaria (b) Late bipinnaria
regeneration.
[< ¢ Regeneration: An extreme adaptive trait. i

o Process: Involves wound healing,
formation of a blastema (mass of
undifferentiated cells), and re-
differentiation of tissues. The water-
vascular system is key in patterning
the regenerate.

o Capability: Most species can
regenerate arms provided part of the
central disc remains. A few
(e.g., Linckia) can regenerate a
complete individual from a single
arm segment—a process called comet formation.

Ecology & Keystone Role

¢ Keystone Predation: By preying on dominant space-competitors (like mussels), sea stars
maintain high species diversity in intertidal and subtidal communities. The classic example
is Pisaster ochraceus in Pacific Northwest tide pools.

e Population Outbreaks: Some species, like the crown-of-thorns starfish (Acanthaster planci),
undergo population explosions that can devastate coral reef ecosystems.

e Trophic Cascades: Their removal (e.g., due to disease, climate change, or human activity) can
trigger trophic cascades, leading to ecosystem collapse (e.g., conversion of kelp forests to urchin

Water-vascular
system

Madreporite

Mouth

Anus

(c) Brachiolaria (d) Juvenile sea star
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barrens).
Types of Pedicellariae in Asteroidea
Forceps Two straight, broad valves that Primarily cleaners. Remove debris and settling organisms
(Straight) meet directly. from the body surface.
Crossed Two curved, crossed valves with Often venomous. Defensive; can snap at and deter small
(Scissor) basal plates. predators or parasites.

Asteroids and Their Ecological Roles

nZQO—~=p» xXppomRI

Species Common Name Key Ecological Role / Trait
Pisaster ochraceus Ochre Sea Star Classic keystone predator in rocky intertidal zones.
. Crown-of-Thorns Corallivore; population outbreaks cause severe coral reef
Acanthaster planci .
Starfish degradation.
. Common European Generalist predator, model organism for development and
Asterias rubens . .
Sea Star regeneration studies.
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Pycnopodia Sunflower Sea Star Fast-moving, multi-armed predator; major controller of urchin
helianthoides populations in the NE Pacific.
Linckia guildingi Comet Star Exhibits exceptional regeneratlpn from severed arms (comet
formation).

Class Ophiuroidea (Brittle Stars & Basket Stars)
External Morphology & Distinguishing Features
e Central Disc: Highly compact,
pentagonal or circular, and sharply
demarcated from the arms. Contains all
major organs. The oral surface is flat,
bearing the mouth and bursal slits.
e Arm Architecture: Arms are long,
slender, whip-like, and highly flexible.
They are used for locomotion, feeding, and
sensory perception.

o Brittle Stars: Arms are
unbranched, typically used for
rapid crawling and burrowing.

o Basket Stars: Arms
undergo repeated, dichotomous
branching, creating a complex,
bush-like structure specialized for
passive suspension feeding in
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currents.
e Surface Features: Generally lack
pedicellariae and dermal branchiae A o;?,li:;:jn; h
(papulae). The skin is often smooth or :
granular.

Endoskeleton & Arm Structure: The Vertebral Column

e Arm Ossicles (Vertebrae): The key innovation of ophiuroids. The arm contains a central series
of large, articulated ossicles called vertebrae. These are hourglass-shaped and join via ball-and-
socket joints, forming a flexible, internal ' vertebral column."

e Closed Ambulacral Groove: The ambulacral groove is not open as in asteroids. It is covered
over and converted into an internal epineural canal by large lateral arm plates that arch over it.
The radial water-vascular canal and nerve cord run protected within this canal.

e  Muscular Control: Four pairs of intervertebral muscles connect successive vertebrae. Their
coordinated contraction produces the rapid, sinuous (snake-like) arm movements characteristic
of the class.

Water-Vascular System & Locomotion

e Non-Locomotor Tube Feet: Tube feet are slender, pointed, and lack both suckers and
ampullae. They are extended by contraction of muscles at their base within the arm, not by a
hydraulic ampulla. Their primary roles are sensory perception, feeding, and burrowing, not
adhesion or locomotion.

e Locomotion Mechanics: Movement is arm-powered. Two primary methods:

1. Rowing/Rowing: One or two arms lead, pulling the disc while others trail or push. This
allows for surprisingly fast, directional movement.
2. Sinous Crawling: Coordinated, snake-like undulations of the arms propel the animal.

e Burrowing: Many species live infaunally in soft sediments. They use their pointed arms to dig
and wedge themselves into the substrate.
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Feeding Strategies:
Ophiuroids exhibit the most varied feeding modes of any echinoderm class.

o Brittle Star Strategies:

o Active Predators/Scavengers: Use arms to capture small prey (worms, crustaceans) or
scavenge detritus. Arms transfer food to the mouth.

o Deposit Feeders: Collect organic particles from the sediment surface using tube feet
and/or mucus strands on the arms.

e Basket Star Strategy (e.g., Gorgonocephalus):

o Passive Suspension Feeders: At night or in currents, they extend their complex,
branched arms into the water column like a net. Muco-ciliary action on the arms traps
plankton, which is then passed down the branches to the mouth.

e Mouth & Digestion: The mouth, on the oral disc, is surrounded by five triangular, movable jaw
plates (modified oral plates) that form a chewing apparatus. It leads directly to a blind-
ending, sac-like stomach within the disc. There is no intestine and no anus. Indigestible
material is regurgitated through the mouth.

Internal Anatomy & Physiology

e Respiratory & Brood Chambers (Bursae): A defining feature. Ten invaginations of the oral
disc, called bursae, open via bursal slits at the base of the arms. They serve a dual function:

1. Respiration: Cilia maintain a water current through the bursae, facilitating gas exchange
across their thin walls.

2. Brooding: In many species, the bursae serve as brood chambers where embryos and
early larvae are protected and nourished.

¢ Reduced Coelom: The main body cavity (coelom) is largely restricted to the central disc and
does not extend far into the arms.

e Excretion & Circulation: Nitrogenous waste (ammonia) diffuses across the bursal walls and
tube feet. The hemal system is reduced. Circulation and nutrient distribution rely mainly on
coelomic fluid movement.

Nervous System & Sensory Biology

e Similar to asteroids but adapted for arm-based movement. The ectoneural nerve cord runs
within the protected epineural canal.

e Sensory perception is concentrated in the arms and tube feet, which are sensitive to touch and
chemicals. Most species lack distinct eyespots.

Reproduction, Development & Remarkable Regeneration

e Sexual Reproduction: Most are dioccious. Gonads are located within the disc, associated with
the bursal sacs. Gametes are often released into the bursae and then expelled through the bursal
slits.

o Brooding vs. Planktonic Development: Many species are brooders, retaining embryos
in the bursae until they develop into juvenile brittle stars. Others have
planktonic ophiopluteus larvae, which are distinguished by long, delicate arms
supported by calcareous rods.

e Asexual Reproduction & Regeneration:

o Autotomy & Regeneration: The common name "brittle star" refers to their ability
for voluntary autotomy. When grasped by a predator, specialized muscles sever an arm
at a pre-determined breaking plane (a weak joint between vertebrae). The lost arm is
later regenerated. This is a primary defense mechanism.

o Fission: Some species can reproduce asexually by splitting the central disc (fission),
with each half regenerating a complete individual.

Ecology & Significance
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e Biodiversity: With over 2,000 species, Ophiuroidea is the most speciose class of extant
echinoderms.
e Habitat: Ubiquitous in marine environments from intertidal zones to abyssal depths. They are
often cryptic, hiding under rocks, within sponges, or in sediment.
e Trophic Role: As diverse feeders, they play crucial roles as predators, scavengers, and important
links in benthic food webs. Basket stars are significant suspension feeders in some ecosystems.
e Abundance: In many deep-sea and soft-sediment communities, ophiuroids can be the dominant
macrofauna in terms of abundance and biomass.
Differences Between Brittle Stars and Basket Stars
Brittle Stars (Subclass

ok
]
[
=
-
M Feature .. Basket Stars (Subclass Euryalida) l.<—|
Ophiurida) ’ (=
Arm Morphology Unbrancheq, slender, whip- Repeatedly branched, forming a complex, bush-like E
K like. net.
Flexible, used for crawling and Prehensile, used to climb and anchor on m
Arm Movement . .
burrowing. gorgonians/sponges. )
Primary Feeding Predators, scavengers, deposit Passive suspension feeders E
Mode feeders. P : =
- =
Skeletal Plates Arm plates are generally thick Arm plates are thin and flexible to allow coiling. o,
and robust. o
Habitat Preference Wide range; often infaunal or Often epizoic, clinging to corals, sponges, or seagrass in -
under rocks. current-swept areas. E
Class Echinoidea (Sea Urchins, Sand Dollars, Heart Urchins) <L)
PN
<V

External Morphology
e The Test: The body is enclosed within a rigid, box-like shell called the test, formed by fusion of
calcareous ossicles into a continuous structure. This provides formidable protection but limits
flexibility. - Perproct
o Plating Pattern: The test is composed
of 20 vertical rows of plates arranged in a B
precise pentaradial pattern:
o 5 Ambulacral Areas: Double rows

Gonad —_____

of plates perforated by pore Intesting-—..._
pairs for the tube feet. These run SloMAd e o
from the oral to the aboral pole like it
:1: Esophagus
meridians.
o 5 Interambulacral Areas: Double ‘
rows of plates without pores, Poiian 73N
|
located between the ambulacral R '
areas. These bear the large amputee” |
tubercles for spine articulation. i/ S A ,
. 4 Radial Ring Nerve |  Aristotle’s Radial \
° Poles & Surfaces. A Tube feet canal canmal ring Mouth lantern nerve cord Test

o Oral Pole: The underside, where
the mouth is located.

o Aboral Pole: The top, where the periproct (a membranous area containing the anus) is
located. In irregular urchins, the anus is displaced to the posterior margin or oral surface.

e Symmetry Groups:

o Regular Echinoids: Exhibit pentaradial symmetry. Globular or hemispherical. The
mouth is central on the oral surface, and the anus is central on the aboral surface.
Example: Strongylocentrotus (sea urchin).

nZQO—~=p» xXppomRI
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o Irregular Echinoids: Exhibit secondary bilateral symmetry. Flattened, with a distinct
anterior-posterior axis. The mouth is often central or anterior, and the anus is displaced
posteriorly. This adaptation is for burrowing or surface dwelling in soft sediments.
Examples: Echinarachnius (sand dollar), Spatangus (heart urchin).

Appendages: Spines & Pedicellariae
e Spines:

o Structure: Long, movable, and articulate with the tubercles on the test via a ball-and-
socket joint controlled by both muscles and catch connective tissue. They are extensions
of the stereom (the porous calcareous structure of the ossicle).

o Function: Primary defense and locomotion (used like stilts). In some species
(e.g., Diadema), spines are long, hollow, and venomous.

o Pedicellariae: Highly specialized and diverse in echinoids, serving critical defensive and
cleaning roles. Three main types:

o Tridentate (Triphyllous): The most common. Three small, straight jaws. Used for
cleaning the test and removing debris.

o Globiferous (Globular): Highly specialized for defense. The jaw ends in a venom sac,
and the tips are often hollow for venom injection. Used against predators and settling
larvae.

o Ophicephalous (Snake-headed): Jaw valves are elongated and serrated, mounted on a
long, flexible stalk. Function is primarily cleaning.

Aristotle's Lantern: A Masterful Jaw Apparatus
e Location & Structure: A complex, intricate
chewing apparatus located internally but can
be partially extruded through the mouth Alveolus
(peristome). It consists of 35 separate Protractor muscle
ossicles and associated muscles. The five Y
main, radially arranged components are:

1. Pyramids: Five wedge-shaped A

pieces, each bearing a long, \-..J =\ )
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protruding tooth. The teeth are self- Auricle — —~——
sharpening and grow continuously.

Teeth Retractor muscle

Mouth
2. Rotulae & Compasses: Ossicles
that act as braces and supports, Aristotle’s lantern, a complex mechanism used by sea
. urchins for masticating their food. Five pairs of retractor muscles draw the
hOldll’lg the lantern together and lantemn and teeth up into the test; five pairs of protractors push the lantem
allowing for complex movements. down and expose the testh. Other muscles produce a variety of movements.

Only major skeletal parts and muscles are shown in this diagram.

3. Epiphyses: Ossicles that bridge
adjacent pyramids.
e Musculature & Function: A set of protractor and retractor muscles allow the lantern to be
extended from the test and retracted. Adductor muscles move the pyramids and teeth together in
a scraping or biting motion.
¢ Feeding in Regular Urchins: Herbivores that graze on algae, seagrasses, and biofilms. They
scrape the substrate clean with their teeth, a process so effective it can shape entire benthic
communities.
Water-Vascular System & Locomotion
e Internal Ambulacral System: The radial canals run internally beneath the test, within the
epineural sinus. Tube feet extend through the pore pairs in the ambulacral plates.
e Tube Feet: Equipped with suckers and internal ampullae. They serve multiple functions:
o Locomotion: Work in coordination with spines. Tube feet provide adhesion and fine
movement, while spines provide the main pushing force.

MK PREPARATIONS: Let’s Make It Happen
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o Attachment: Powerful suction allows urchins to withstand strong wave action.

o Feeding (Irregular Urchins): In sand dollars and heart urchins, tube feet on the oral
surface are modified into phyllopodia — delicate, flower-like structures used for
collecting and transporting food particles.

e Madreporite: Located aborally on one of the genital plates (usually the one designated plate 2),
often within the apical system.

Feeding Strategies

e Regular Urchins (Herbivores/Grazers): Use Aristotle's lantern to scrape algae. Some are also
opportunistic scavengers.

e Irregular Urchins:

o Sand Dollars (e.g., Dendraster): Primarily suspension feeders. They stand obliquely in
the sand, using ciliated tube feet on the oral surface to capture plankton from passing
currents. They may also be deposit feeders, using mucus-covered podia to collect
particles from the substrate.

o Heart Urchins (e.g., Echinocardium): Obligate deposit feeders. They live buried in
sand/mud and use specialized tube feet around the mouth (petaloids) to collect organic
particles from the sediment, creating a respiratory funnel to the surface.

Internal Anatomy & Physiology

o Digestive System: The mouth leads to a pharynx, which is surrounded by Aristotle's lantern. A
long, coiled intestine fills much of the coelomic cavity, looping counter-clockwise before
terminating at the anus. Siphon: A separate ciliated tube running alongside the intestine, allowing
for continuous water flow to irrigate the gills without mixing with digesting food.

¢ Respiration: Gas exchange occurs through:

1. Peristomial Gills: Five pairs of small, external, branched gills surrounding the mouth
(derived from the water-vascular system).

2. Tube Feet: Especially the aboral ones.

e Excretion: Ammonia is excreted by diffusion across the gills and tube feet. Axial Gland: Part of
the hemal system, it may have an excretory function and is also involved in coelomocyte
production.

e Nervous System: A circumoral nerve ring with radial nerves running beneath the ambulacral
areas. Sensory cells are abundant on podia and spines. Some urchins have diffuse photoreceptor
cells in the epidermis.

Reproduction & Development

e Sexual Reproduction: Dioccious. Five gonads (sometimes four in irregular urchins) are
suspended within the test, attached interradially. They are large and voluminous during the
breeding season.

¢ Gamete Release: Gametes are released through five gonopores located on the aboral genital
plates at the apex. Spawning is often synchronized by lunar cycles or pheromones.

o Larval Stage: Fertilization is external. The resulting planktonic larva is a highly
distinctive echinopluteus. It possesses long, ciliated arms supported by delicate calcareous rods,
used for swimming and feeding. After a period of weeks to months, it undergoes a dramatic
metamorphosis, resorbing the larval body and developing the juvenile urchin's test and spines.

Ecology & Keystone Role

¢ Keystone Grazers: Particularly in temperate kelp forests and coral reefs, sea urchins
are primary herbivores. By controlling macroalgal growth, they maintain open spaces for other
organisms and promote biodiversity.

e Trophic Cascades & Urchin Barrens: The removal of their natural predators (e.g., sea otters,
lobsters, sheephead fish) leads to urchin population explosions. This results in overgrazing,
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stripping kelp forests bare and creating low-diversity "urchin barrens." These barrens represent
a stable, alternative ecosystem state with low productivity.

e Bioerosion: Some urchins (e.g., Echinometra) are powerful bioeroders. By scraping rock and
coral with their lanterns to create burrows, they contribute significantly to coastal erosion and

sediment production.

o Indicator Species: Sensitive to changes in water quality, ocean acidification (which affects test

and spine calcification), and temperature.

Types of Pedicellariae in Echinoidea
Type Morphology Function

. Three small, straight, forceps-like Cleaning. Most common type; removes debris, parasites,
Tridentate . . . :
jaws. and fouling organisms from the test and spines.
Globiferous Jaw ends in a venom sac; tips may Defense. Injects venom into predators or settling larvae.
be hollow. Characteristic of diadematoid urchins.
Ovhicephalous Elongated, serrated jaw valves on | Cleaning & Defense. Can reach between spines to remove
phicep a long, flexible stalk. debris; may also deter small predators.

Comparison of Regular vs. Irregular Echinoids

Regular Echinoids (e.g., Sea

Feature

Urchins)

Irregular Echinoids (e.g., Sand Dollars,
Heart Urchins)

Secondary bilateral symmetry superimposed

Symmetry Pentamerous radial symmetry. on radial plan.
d ; i W Flattened (sand dollars) or oval/heart-shaped
Body Shape Globular, hemispherical, or cylindrical. (heart urchins).
Habitat & Epifaunal on hard substrates; some in Infaunal in soft sediments (sand, mud); some
Lifestyle crevices. surface dwellers.
Oral/Aboral Axis Oral surface down, aboral surface up. S eggnioee Uown it anus often displaced

posteriorly or marginally).

Aristotle's

Well-developed, powerful for scraping.

Reduced or absent in adults (especially sand

Lantern dollars).
Primary Feeding . . Deposit or suspension feeders (collecting
Mode Herbivorous grazers (scraping algae). particles).
. . Locomotion, defense, sometimes Locomotion, burrowing, creating respiratory
Spine Function .
wedging. currents.
Tu!)e F oo.t Primarily for locomotion and adhesion. Oral tube feet modified fo.r food gathering
Specialization (phyllopodia).
Example Genera Strongylocentrotus, Diadema, Arbacia Echinarachnius (sand

dollar), Echinocardium (heart urchin)

Class Holothuroidea (Sea Cucumbers)
External Morphology & Body Plan

¢ Elongate, Bilateral Form: The body is elongated along the oral-aboral axis and lies
permanently on one side (the ventral surface or sole), resulting in pronounced secondary
bilateral symmetry superimposed on the underlying pentaradial plan.

e Body Wall: Unique among echinoderms. It is thick, muscular, and leathery, lacking prominent
spines. The dermis contains microscopic ossicles (often wheel-, anchor-, or rod-shaped)
embedded within the connective tissue, which are taxonomically important but do not form a

rigid skeleton.

e Oral & Aboral Ends: The mouth is at the anterior end, surrounded by a ring of buccal tentacles.

The anus is at the posterior end.
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¢ Body Regions:

o Ventral Sole: Typically
flattened, bearing three rows of
tube feet used for locomotion.
It is the functional "ventral"

Tentacles —

surface. e g, —
o Dorsal Surface: Often arched, ff WS i

with two rows of reduced tube — - f RN

feet or papillae, primarily } o B (esso s

sensory. i/ T

Specialized Structures e
e Calcareous Ring: A critical skeletal A e

element. This is a rigid ring of fused Longhudinal muscle Tamaw
calcareous plates encircling bad

the pharynx, serving as the site of
attachment for the muscles controlling

Body wall

the tentacles and the anterior body wall. Hespidton e L ciosca
e Cloaca: A common chamber receiving Cloaca gf e
the digestive tract (rectum), the A Anus

paired respiratory trees, and (in some
species) the Cuvierian tubules. Its muscular contractions power the unique respiratory system.
Feeding Biology & Digestive System
o Tentacle Diversity: The buccal tentacles are highly modified tube feet. Their form correlates
with feeding mode:
o Peltate (Shield-shaped): For surface deposit feeding.
o Digitate (Finger-like): For selective deposit feeding.
o Plumose (Feathery): For suspension feeding in the water column.
e Feeding Mechanism:
1. Collection: Tentacles are extended and swept across the substrate or held in the current.
Mucus traps organic particles.
2. Ingestion: Each tentacle is sequentially inserted into the mouth, and the pharynx wipes it
clean.
o Digestive Tract: The mouth leads to a muscular pharynx, a stomach, a long, looped intestine that
performs most digestion and absorption, a rectum, and the cloacal opening.
Water-Vascular System & Locomotion
o Internal Madreporite: Unlike other echinoderms, the madreporite is not connected to the
exterior. It is a free-floating, porous ossicle suspended within the coelomic cavity of the anterior
body.
¢ Fluid Filling: The entire water-vascular system is filled with coelomic fluid, not seawater.
¢ Locomotion: Primarily achieved through waves of muscular contraction in the body wall
(peristaltic crawling), similar to annelids. The ventral tube feet aid in attachment and provide
additional traction but are not the primary means of movement.
Respiration: The Respiratory Trees
e Structure: A pair of highly branched, tubule-based organs that arise as two primary trunks from
the cloaca and ramify throughout the body cavity.
e Pumping Mechanism (Cloacal Respiration):
1. Inhalation: The cloacal sphincter relaxes, and the cloaca dilates, drawing seawater in
through the anus.
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2. Transfer: Contraction of the cloaca, combined with closure of the sphincter, forces the
water into the respiratory trees.
3. Gas Exchange: Oxygen diffuses from the water in the tubules into the coelomic fluid,
and carbon dioxide/ammonia diffuses out.
4. Exhalation: Contraction of the tubule muscles expels the deoxygenated water back
through the cloaca and anus.
Defense Mechanisms: Evisceration & Cuvierian Tubules

e Evisceration: A dramatic stress response where the sea cucumber contracts violently, rupturing
the body wall at the anterior end and expelling the entire digestive tract, respiratory trees, and
gonads through the anus or the rupture. The animal later regenerates the lost organs over weeks
to months.

e Cuvierian Tubules: A specialized defense in the family Holothuriidae. These are long, sticky,
and often toxic tubules (modified parts of the respiratory trees) stored in the body cavity. When
threatened, they are shot out through the anus, rapidly elongating and entangling a predator
with a potent mix of toxins and adhesives. The tubules are regenerated.

Internal Anatomy & Physiology

e Coelom & Circulation: Possess a large, fluid-filled coelom. A well-developed hemal
system (absent in other echinoderms) functions alongside coelomic fluid circulation for nutrient
and gas distribution.

e Excretion: Primarily via diffusion of ammonia across the thin walls of the respiratory trees and
general body surface. Coelomocytes also play a role in waste accumulation.

e Nervous System: Similar to other echinoderms but with additional nerves for the tentacles and
pharynx. Some species possess statocysts for balance and simple photoreceptors.

Reproduction & Development

¢ Sexual Reproduction: Most are dioccious with a single gonad (a tuft of tubules) located in the
anterior coelom. A single gonopore opens near the base of the tentacles.

e Spawning & Fertilization: Typically external, with synchronized spawning events. The larva is
a free-swimming auricularia, which is planktonic and feeds on microalgae. It eventually
metamorphoses into a benthic juvenile.

e Brooding: Some species are brooders, carrying developing embryos on their ventral surface, in
body wall pouches, or even internally within the coelom.

¢ Asexual Reproduction: Some species reproduce by transverse fission, splitting into two parts
that regenerate into complete individuals.

Ecology, Conservation & Economic Importance

e "Earthworms of the Sea": As deposit feeders, they play a crucial role in bioturbation, recycling
nutrients, and oxygenating seafloor sediments. Their alkaline feces can help buffer local ocean
acidification on coral reefs.

e Vulnerability & Overfishing: Characterized by slow growth, late maturity, and low
reproductive rates, making them highly vulnerable to overexploitation.

¢ Fishery: Heavily harvested for the béche-de-mer / trepang / hai shen market, primarily in East
and Southeast Asia. High-value species (e.g., Holothuria scabra, Apostichopus japonicus) are
severely depleted.

e Conservation Status: Numerous species are threatened (IUCN Red List) due to uncontrolled
fishing, leading to ecosystem-wide impacts. International trade is regulated under CITES for
some species. Conservation challenges include enforcement difficulties and illegal trade.

Comparative Summary of Echinoderm Classes
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Feature Crinoidea Asteroidea Ophiuroidea Echinoidea Holothuroidea
Adult Pentaradial Pentaradial Pentaradial Pentaradial Bilateral
Symmetry (Regular) / (Secondary)
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Bilateral
(Irregular)
Cup-like calyx, Star-shaped, Arms slender, Elongate,
arms .. Globular/flat, no o
Body Form branched arms, . sharply distinct . cylindrical, worm-
. continuous . arms (rigid test) .
stalk/cirri o1 g from disc like
with disc
Orientation Oral surface up Oral surface Oral surface Oral surface On side
down down down
Ambulacral Open, ciliated Open Closed Closed Closed
Grooves
Tube Feet No suckers With No suckers With With suckers (oral
(Suckers) (feeding) sucker; (loco (feeding) suc.kers (lqcomo tentacles)
motion) tion/feeding)
Madreporite Absent Aboral Oral Aboral Internal
Pedicellariae Absent Present Absent Present (some Absent
venomous)
Suspension Predator/Scave Various Herbivore/Depo | Suspension/Depos
Feeding Mode usp (Scavenger/Pred . P pe p
feeder nger . sit feeder it feeder
ator/Filter)
Plates in Ossicles, Articulated arm b Microscopic
Endoskeleton calyx/stalk flexible ossicles Rigid test ossicles
. . Papulae, Aristotle's Respiratory trees,
Unique Pinnules, pyloric ceca, Bursae, closed . o
. . lantern, spines, cloaca, Cuvierian
Structures stalk/cirri eversible grooves
test tubules
stomach
. N Bipinnaria/Bra . . . .
Larval Form Doliolaria chiolaria Ophiopluteus Echinopluteus Auricularia

The Water-Vascular System (WVS)

This is the most distinctive feature of echinoderms, a coelom-derived hydraulic system unique to the
phylum. It is a closed network of canals and reservoirs that functions as a combined muscular and

hydraulic organ system.

e Function: Locomotion, feeding,
attachment, respiration, and
sensory perception. Its primary
function differs by class (e.g.,
feeding in Crinoids, locomotion in
Asteroids).

e Pathway & Components:

1. Madreporite: A sieve-like,
calcified plate for filtered
seawater entry. Its position
varies by class (aboral in
Asteroids/Echinoids,
internal in Holothuroids,
absent in Crinoids, on the
oral surface in many
Ophiuroids).

Ring canal

Madreporite

F \ !
Stone canal "d' T ‘ |

=X (--

Aboral hemal ring

Polian vesicle

l

Tiedemann body

Oral hemal ring

/Radiai canal

y Lateral canal
J

Tube foot

2. Stone Canal: A calcareous, often spirally-grooved tube connecting the madreporite to the
ring canal. In some species, it contains calciferous glands that may regulate ionic

balance of the fluid.

3. Ring Canal (Circumoral Canal): Encircles the esophagus. It may possess:

MK PREPARATIONS: Let’s Make It Happen
+92 333 2605045, +92 342 4470091

Page 18| 29

(-
=
=
-

<
J—
=
=
=
)
=2
i @
=]
=
.
o
-
=
o
PN
<V




L MK PREPARATIONS) .-

~ L

nZQO—~=p» xXppomRI

= Polian Vesicles: Sac-like reservoirs (1 to many) that maintain hydraulic pressure
and store fluid for the WVS.
* Tiedemann's Bodies (Radial Bodies): Typically 5 pairs (in asteroids), small
swellings involved in the production of coelomocytes (immune cells) for the
WVS fluid.
Radial Canals: One extends from the ring canal into each arm or ambulacral radius,
running underneath the ambulacral groove or ossicles. These are the main distribution
channels.
Lateral Canals & Tube Feet (Podia): Each tube foot is a complex organ connected via
a lateral canal and a one-way valve to the radial canal. Key parts:
= Ampulla: A muscular, fluid-filled bulb located inside the body cavity.
» Podium: The external, extendable portion of the tube foot.
» Sucker: A muscular disc at the end of the podium (present in Asteroids,
Echinoids, some Holothuroids).

Mechanism of Action (Locomotion/Attachment):

L.

2.

4.

Extension: Contraction of muscles in the ampulla forces fluid down the lateral canal
into the podium, extending it.

Adhesion: When the sucker (or tip) contacts a surface, it creates a temporary seal.
Retraction of the podium's center lifts the center, creating negative pressure (suction).
This is often aided by adhesive secretions from the tip.

Release & Retraction: Muscles at the sucker's edge break the seal. Longitudinal
retractor muscles in the podium contract, shortening the tube foot and forcing fluid back
into the ampulla, which relaxes and re-expands.

Coordination: Tube feet operate in coordinated, overlapping waves, providing steady
movement.

Other Organ Systems
e Digestive System:

@)
@)

Structure: A complete gut (mouth — anus), but complexity varies greatly.

Variations: Simple, U-shaped gut in Crinoids; short intestine with anus on oral disc.

In Asteroids, includes a large, eversible cardiac stomach for external digestion and
paired pyloric ceca in each arm for digestion/absorption. Echinoids possess the complex
chewing apparatus, Aristotle's lantern. Holothuroids have a long, looped intestine and
a cloaca.

e Respiratory System: Echinoderms lack specialized gills; gas exchange occurs across thin-walled
extensions of the body wall or coelom.

o

o

Dermal Branchiae (Papulae): Thin, finger-like projections of the body wall and coelom
in Asteroids; site of primary gas exchange.

Tube Feet: Important in many classes.

Bursae: Ciliated, sac-like invaginations on the oral disc of Ophiuroeids; water is pumped
in/out for gas exchange and brood care.

Respiratory Trees: Unique, branched, cloacal evaginations in Holothuroids; gas
exchange occurs as water is pumped in and out of the cloaca.

Peristomial Gills: Small, external projections surrounding the mouth in Echinoids.

e Circulatory (Hemal) System:

o

Poorly developed and often diffuse. It consists of a reduced network of sinuses and
lacunae (spaces) surrounding the digestive tract and gonads, often enclosed within
coelomic channels.

Function: Likely more important for nutrient distribution than oxygen transport.
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o Primary Transport Medium: The coelomic fluid, which circulates throughout the large
body cavity (coelom) via ciliary action and body movement.

o Coelomocytes: Various amoeboid cells suspended in the coelomic fluid, including:

= Phagocytes: For immune defense and waste transport.

= Vibratile Cells: Possibly involved in clotting or fluid dynamics.

= Hemocytes: Some contain the respiratory pigment hemoglobin (in a few
species).

e Excretory System:

o No specialized kidneys or nephridia.

o Nitrogenous Waste: Primarily ammonia, which easily diffuses across membranes.

o Process: Waste is absorbed from coeclomic fluid by amoeboid coelomocytes, which then
migrate to respiratory surfaces (papulae, tube feet, bursae) or the body wall, where
ammonia diffuses out. Some solid waste may be expelled via the digestive tract.

e Nervous System:

o Decentralized and radially organized. No centralized brain.

o Main Components:

1. Ectoneural System: The largest and most important, serving as the primary
sensory-motor system. It lies underneath the epidermis, following the ambulacral
grooves. Consists of a nerve ring around the mouth and radial nerves down
each arm.

2. Hyponeural System: A motor system lying just below the ectoneural system. It
innervates the muscles of the body wall and arms.

3. Entoneural (Apical) System: Found only in Crinoids and some Asteroids,
associated with the aboral (upper) surface.

o Sensory Structures: Include sensory cells on the epidermis, tube feet (touch,
chemoreception), and ocelli (simple eyespots at arm tips in some asteroids).

¢ Reproductive System:

o Sexes: Mostly dioecious (separate sexes), though a few are hermaphroditic.

o Gonads: Typically 5 pairs (or multiples of 5), located in the arms or near the aboral
surface. Often appear as conspicuous, seasonal structures.

o Fertilization: Almost exclusively external. Gametes are usually released into the water
column via gonopores (often simple openings).

o Development: Usually involves a free-swimming, bilaterally symmetrical larva (type
varies by class), which undergoes a dramatic metamorphosis into the radial adult.

o Asexual Reproduction: Common in some groups via fission (splitting across the disc)
or autotomy with regeneration (e.g., Ophiuroids).

o Regenerative Capacity: Extremely high across the phylum. Can regenerate lost arms,
spines, tube feet, and even major internal organs.

Evolution and Phylogeny

e Evolution of Symmetry: Ancestral echinoderms were bilaterally symmetrical (confirmed by
fossils like Yanjiahella and bilateral larvae). Adoption of a sessile lifestyle favored the evolution
of radial symmetry for omnidirectional feeding. This became fixed as pentaradiality in free-
moving classes, with some groups (irregular urchins, holothurians) evolving secondary bilateral
symmetry.

¢ Phylogenetic Relationships: Echinoderms and Hemichordates form the clade Ambulacraria,
united by tripartite coelom, similar larval forms (e.g., dipleurula-type), and an axial complex.
Ambulacraria is the sister group to Chordata within Deuterostomia.
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e Extant Class Phylogeny: Crinoidea is the sister group to all others (Eleutherozoa). Within
Eleutherozoa, Asteroidea and Ophiuroidea are often grouped as Asterozoa,
while Echinoidea and Holothuroidea form the clade Echinozoa.

Economic and Ecological Importance

¢ Food Source: Sea urchin gonads (uni) and sea cucumber body wall (trepang or béche-de-mer)
are commercially harvested, requiring sustainable management.

e Ecological Roles:

o Keystone Predators: Some sea stars (e.g., Pisaster) control prey populations,
maintaining biodiversity.

o Grazers: Sea urchins prevent algal overgrowth on coral reefs; their overpopulation
creates destructive barrens.

o Bioindicators: Sensitive to pollution, temperature change, and ocean
acidification (which dissolves calcareous skeletons).

e Scientific Research: Sea urchin eggs and embryos are classic models for embryology,
developmental biology, and fertilization studies.

Threats and Conservation
Echinoderms face significant natural and anthropogenic threats:

e Natural Threats: Predation, parasitism, and diseases like Sea Star Wasting Disease (SSWD),
linked to a densovirus and environmental stress.

e Anthropogenic Threats: Habitat destruction (trawling, coastal development), pollution (heavy
metals, plastics), climate change (ocean warming, acidification), and overexploitation for food
and trade.

¢ Survey Methods: Monitoring employs techniques ranging from traditional quadrat/transect
surveys (SCUBA) and trawling to modern Baited Remote Underwater Video
(BRUYV), Environmental DNA (eDNA) analysis, and ROV/AUYV deployments for deep-sea
studies.
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Practice MCQs

1. Which of the following is a wholly marine
phylum?

A) Mollusca

B) Arthropoda

C) Echinodermata

D) Annelida

Answer: Echinodermata

2. Adult echinoderms exhibit which type of
symmetry?

A) Bilateral

B) Spherical

C) Pentaradial

D) Asymmetrical

Answer: Pentaradial

3. The name Echinodermata is derived from
Greek words meaning what?

A) Star form

B) Spiny skin

C) Five arms

D) Water tube

Answer: Spiny skin

4. What is the most distinctive feature of the
phylum Echinodermata?

A) Notochord

B) Water-vascular system

C) Mantle

D) Radula

Answer: Water-vascular system

5. Echinoderm larvae are characteristically what?
A) Pentaradial

B) Asymmetrical

C) Bilaterally symmetrical

D) Radially symmetrical

Answer: Bilaterally symmetrical

6. The calcareous endoskeleton of echinoderms is
composed of what?

A) Chitin

B) Silica

C) Calcite ossicles

D) Cartilage

Answer: Calcite ossicles

7. Which system in echinoderms is used for
locomotion and feeding?

A) Hemal system

B) Ambulacral system

C) Nervous system

D) Excretory system

Answer: Ambulacral system

8. Pedicellariae in echinoderms are primarily used
for what?

A) Respiration

B) Digestion

C) Defense and cleaning

D) Reproduction

Answer: Defense and cleaning

9. The specialized connective tissue in
echinoderms that can change stiffness is called
what?

A) Cartilage

B) Mutable collagenous tissue

C) Chitin

D) Epidermis

Answer: Mutable collagenous tissue

10. Which of the following is NOT a diagnostic
characteristic of echinoderms?

A) Deuterostome development

B) Pentaradial symmetry

C) Chitinous exoskeleton

D) Water-vascular system

Answer: Chitinous exoskeleton

11. In which subphylum are echinoderms with the
oral surface oriented upward classified?

A) Eleutherozoa

B) Pelmatozoa

C) Echinozoa

D) Asterozoa

Answer: Pelmatozoa

12. Sea lilies and feather stars belong to which
class?

A) Asteroidea

B) Ophiuroidea

C) Crinoidea

D) Holothuroidea

Answer: Crinoidea

13. Which class of echinoderms is considered the
most primitive extant group?

A) Echinoidea

B) Crinoidea

C) Holothuroidea

D) Ophiuroidea

Answer: Crinoidea

14. What structures do free-moving crinoids use
for temporary attachment?

A) Tube feet

B) Byssal threads

C) Cirri

D) Pedicellariae

Answer: Cirri

15. In crinoids, the food-capturing tube feet lack
what structure?

A) Ampullae

B) Suckers

C) Spines

Page 22| 29

MK PREPARATIONS: Let’s Make It Happen

+92 333 2605045, +92 342 4470091

(-
=
=
-

<
J—
=
=
=
)
=2
i @
=]
=
.
o
-
=
o
PN
<V




L MK PREPARATIONS) .-

~ L

nZQO—~=p» xXppomRI

D) Cilia

Answer: Suckers

16. Which echinoderm class has open, ciliated
ambulacral grooves?

A) Echinoidea

B) Ophiuroidea

C) Asteroidea

D) Holothuroidea

Answer: Asteroidea

17. The madreporite in sea stars is located on
which surface?

A) Oral

B) Aboral

C) Lateral

D) Ventral

Answer: Aboral

18. What is the function of the papulae in
asteroids?

A) Locomotion

B) Respiration and excretion

C) Digestion

D) Reproduction

Answer: Respiration and excretion

19. Sea stars feed on bivalves by doing what?
A) Injecting venom

B) Drilling a hole

C) Everting their stomach

D) Using Aristotle's lantern

Answer: Everting their stomach

20. Which larval stages are characteristic of class
Asteroidea?

A) Auricularia and Doliolaria

B) Bipinnaria and Brachiolaria

C) Ophiopluteus and Echinopluteus

D) Trochophore and Veliger

Answer: Bipinnaria and Brachiolaria

21. Brittle stars and basket stars belong to which
class?

A) Asteroidea

B) Ophiuroidea

C) Echinoidea

D) Crinoidea

Answer: Ophiuroidea

22. What is a key difference between ophiuroid
and asteroid arms?

A) Ophiuroid arms are not distinct from the disc
B) Asteroid arms are long and slender

C) Ophiuroid arms are sharply demarcated from the
disc

D) Asteroid arms are used for rapid swimming
Answer: Ophiuroid arms are sharply demarcated
from the disc

23. In ophiuroids, the ambulacral grooves are
what?

A) Open and ciliated

B) Closed and covered by ossicles

C) Used for swimming

D) Absent

Answer: Closed and covered by ossicles

24. Where is the madreporite located in
ophiuroids?

A) Aboral surface

B) Internal

C) Oral surface

D) Absent

Answer: Oral surface

25. Ophiuroids primarily move by what method?
A) Tube feet with suckers

B) Sinuous arm movements

C) Jet propulsion

D) Muscular foot

Answer: Sinuous arm movements

26. Respiration in ophiuroids occurs through what
structures?

A) Papulae

B) Respiratory trees

C) Bursae

D) Peristomial gills

Answer: Bursae

27. Which echinoderm class has a rigid test
formed of fused plates?

A) Holothuroidea

B) Echinoidea

C) Crinoidea

D) Asteroidea

Answer: Echinoidea

28. What is the complex jaw apparatus of sea
urchins called?

A) Radula

B) Mandible

C) Aristotle's lantern

D) Pedicellaria

Answer: Aristotle's lantern

29. Sand dollars and heart urchins are examples
of what?

A) Regular echinoids

B) Irregular echinoids

C) Pelmatozoans

D) Asterozoans

Answer: Irregular echinoids

30. Which structures on sea urchins can be
venomous in some species?

A) Spines

B) Tube feet

C) Pedicellariae
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Chapter 11

Phylum Hemichordata

Hemichordata is a small, exclusively marine phylum of deuterostome invertebrates. The name ("half-
chordate") originated from the historical—and incorrect—belief that they possessed a structure homologous
to the chordate notochord. Modern molecular phylogenetics has firmly placed hemichordates within the
clade Ambulacraria as the sister group to Echinodermata. This phylum is evolutionarily pivotal for
understanding the origins of chordate characteristics and deuterostome body plans.

General Characteristics
Taxonomic Position: Phylum within the superphylum clade Ambulacraria (with

Echinodermata).

Habitat: Exclusively marine, from intertidal zones to abyssal depths.
Symmetry & Organization: Bilaterally symmetrical, triploblastic, coelomate animals.

Body Plan: Distinct tripartite division into:

1. Proboscis(Prosoma/Protosome): Anterior, pre-oral, muscular region.
2. Collar (Mesosoma/Mesosome): Middle ring bearing the ventral mouth.
3. Trunk (Metasoma/Metasome): Posterior, elongated region housing major organs.

Unique Derived Features:

o Pharyngeal gill slits (a
deuterostome synapomorphy).

o Stomochord (Buccal
diverticulum): A hollow,
endodermal outgrowth from the
buccal cavity into the proboscis (a
hemichordate synapomorphy).

o Tripartite Coelom: Body cavity
divided into three pairs of
compartments (protocoel,
mesocoel, metacoel) corresponding
to the three body regions. This is a
key shared feature with
echinoderms.

Nervous System: Primitive, mainly a
diffuse subepidermal nerve plexus.

A dorsal collar nerve cord (hollow in
some species) and a ventral trunk nerve
cord are present.

Circulatory System: Open

(lacunar) system with dorsal and ventral
vessels, a dorsal heart vesicle, and colorless
blood.

Excretory System: A single glomerulus
(proboscis gland) located in the proboscis
coelom.

Reproduction: Mostly dioecious; can be
sexual and/or asexual.

Morphology & Anatomy

Body Wall: Single-layered epidermis with

Characteristics of Phylum Hemichordata

. Body divided into proboscis, collar, and trunk; buccal

diverticulum in posterior part of proboscis

. Enteropneusta free-moving and of burrowing habits; ptero-

branchs sessile, mostly colonial, living in secreted tubes

. Free-living
. Bilaterally symmetrical, soft bodied; wormlike or short and

compact with stalk for attachment

. Triploblastic
. Single coelomic pouch in proboscis, but paired pouches in collar

and trunk

. Ciliated epidermis

. Digestive system complete

. Longitudinal and circular muscles in body wall in some

. A subepidermal nerve plexus thickened to form dorsal and

ventral nerve cords, with a ring connective in the collar; some
species with hollow dorsal nerve cord

. Sensory neurons in proboscis likely function in chemoreception
. Colonies form by asexual budding in pterobranchs; asexual

reproduction by fragmentation in enteropneusts

. Sexes separate in Enteropneusta, with gonads projecting into

body cavity; tornaria larva in some Enteropneusta

. A single glomerulus connected to blood vessels may have excre-

tory function and is considered a metanephridium

. Respiratory and filter-feeding system of gill slits (few or none

in pterobranchs) connecting the pharynx with outside

. Open circulatory system with dorsal and ventral vessels and dor-

sal heart, as well as several blood sinuses.

mucous glands, underlain by connective tissue dermis. No cuticle.
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e Proboscis: Varies from muscular and acorn-shaped (Enteropneusta) to flattened and shield-like
(Pterobranchia). Contains the protocoel.

¢ Collar: Overhangs the mouth. Contains the mesocoel. In pterobranchs, it bears feeding tentacles
(lophophore).

e Trunk: Longest section, contains the metacoel (paired compartments). The anterior trunk houses
gill slits, the posterior contains gonads and digestive organs.

Buccal diverticulum

Pharyngeal Darsal Proboscis | Glomerulus
pouch nerve cord skeleton

Pharyngeal Ventral Collar Mouth Proboscis
slit nerve cord coelom coelom
Trunk Collar Proboscis

Internal Organ Systems
1. Digestive & Feeding System
e Tract: Complete. Straight in Enteropneusta; U-shaped in Pterobranchia (anus dorsal, near
mouth).
o Pathway: Mouth (ventral, in collar) — Buccal cavity (contains stomochord) — Pharynx (with
gill slits) — Esophagus — Intestine — Anus.
e Feeding Mechanisms:
o Enteropneusta (Acorn Worms):
= Deposit Feeders: Proboscis collects organic-rich sediment. Food-laden mucus is
moved via ciliary tracts along a pre-oral ciliary organ and a ventral groove to
the mouth.
= Suspension Feeders: Use ciliary currents on the proboscis and pharyngeal gill
slits to filter plankton from the water column. Some species employ both
methods.
= Digestive Glands: Paired hepatic sacs (caeca) in the trunk secrete enzymes for
extracellular digestion.
o Pterobranchia:
= Active Filter Feeders: The collar bears 2-9 pairs of ciliated, tentaculate arms
forming a lophophore. Cilia create feeding currents, trapping plankton and
detritus on mucus, which is then conveyed to the mouth.
2. Respiratory System
e Primary Organ: Pharyngeal Gill Slits. These are dorsoventrally elongated, U-shaped
openings connecting the pharyngeal lumen to the outside via gill pores.
e Mechanism (Enteropneusta):
1. Ciliary action draws water into the mouth.
2. Water passes through the pharyngeal slits into surrounding branchial sacs (gill
chambers).
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3. Gas exchange occurs across the thin, vascularized epithelium of the pharyngeal bars
(septa) separating the slits.

4. Water exits via dorsolateral gill pores on the trunk.

e Function: Primarily filter-feeding in origin; secondarily respiratory.

¢ Secondary Respiration: Direct diffusion across the general epidermis, which is the sole mode
in small pterobranchs and in hemichordates where gill slits are reduced or absent.

3. Circulatory System

e Type: Open (lacunar) system. Blood (hemolymph) is colorless and contains
phagocytic amebocytes.

e Main Components & Pathway:

1. Dorsal Heart Vesicle: A non-muscular, pulsating sac (myogenic contractions) located
near the stomochord in the proboscis. It is pericardial in nature.

2. Dorsal Vessel: Drives blood anteriorly from the heart.

3. Glomerulus: A complex of blood sinuses in the proboscis coelom where the dorsal
vessel terminates. Site of ultrafiltration for excretion.

4. Ventral Vessel: Collects blood and drives it posteriorly to irrigate the trunk organs via
open sinuses.

¢ Function: Distributes nutrients and possibly hormones; hydrostatic support is minimal.

4. Excretory System

e Primary Organ: The glomerulus (proboscis gland). This is a specialized mass of podocyte-
lined sinuses that projects into the proboscis coelom and is closely associated with the dorsal
heart vesicle.

e Process:

1. Hydrostatic pressure from the heart vesicle drives ultrafiltration of blood plasma across
the glomerular wall.

2. Filtrate (primarily ammonia, ions, and water) collects in the proboscis coelom
(protocoel).

3. Waste is expelled from the coelom to the exterior through one or two ciliated proboscis
pores.

¢ Homology: The hemichordate glomerulus is considered homologous to the axial complex of
echinoderms, together forming a metanephridium-like excretory structure unique to
Ambulacraria.

5. Nervous System

e Organization: Primitive and diffuse. The primary component is a subepidermal nerve plexus (a
network of neurons and fibers) embedded at the base of the epidermis throughout the body.

e Concentrations & Major Cords:

o Dorsal Collar Nerve Cord: A thickened, longitudinal concentration of nerves in the
dorsal midline of the collar. In some enteropneusts (e.g., Saccoglossus), this cord
becomes hollow due to an invagination of the epidermal epithelium, creating a dorsal
tubular nerve cord. This is a striking but convergent similarity to the chordate dorsal
nerve cord, not a direct homology.

o Ventral Trunk Nerve Cord: A similar, but solid, nerve concentration runs along the
ventral midline of the trunk.

o A circumoral nerve ring connects these cords at the base of the proboscis.

e Integration & Sensory Structures: There is no distinct brain or centralized ganglia. The
dorsal collar nerve cord is the primary site for neural integration and coordination. Sensory input
comes from:

o Scattered sensory neurons within the general epidermis.

o Chemoreceptors and mechanoreceptors, particularly on the proboscis and tentacles (in
pterobranchs).
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o Photoreceptive cells may be present but are not organized into complex eyes.
Classification of Hemichordata

Habitat &
Lifestyle

Key Characteristics

Examples

Worm-like, large (up to 2.5 Sohtary,'bprro'wmg
or free-living in U- k.
m). Numerous pharyngeal ) Balanoglossus, Sacc
Acorn . . L shaped burrows in e
Enteropneusta slits. Straight digestive tract. oglossus, Ptychoder .
Worms . sandy/muddy
Proboscis muscular, acorn- . . a p-u
M substrates (intertidal
shaped. —x
to deep-sea).
[< Smalli (zooids 1-12 mm), Sessile, co!oma'l, Cephalodiscus (has <
colonial. Collar bears 2-9 tube-dwelling (in . o
. Pterobran o . N gill
Pterobranchia ciliated feeding arms secreted coenecia). .
chs Lo . slits), Rhabdopleura
(lophophore). Gill slits one Mostly in deep, cold (no gill slits)
pair or absent. U-shaped gut. waters. g m
P Known only from larval . o
. Planktonic (open
stage. Larva is large (up to . Planctosphaera E
. . . ocean). Hypothesized . .
Planctosphaeroidea - 25mm), spherical, planktonic pelagica (monospeci =T
R . . adult may be a deep-
with branched ciliary bands. S8 oelagic form fic) e
Adult form unknown. pelag ' g
E Comparative Anatomy: Enteropneusta vs. Pterobranchia i
Feature Class Enteropneusta Class Pterobranchia \ (¥
P Habitat & .. : . - A &
. Solitary; burrowing or free-living. Colonial; sessile, living in secreted tubes. =
Lifestyle V)
A BOdF},Ioszle & Large (cm to m), elongated, worm-like. Minute (mm), short, compact zooids.
R . Large, muscular, acorn-shaped (for Small, shield-shaped (cephalic shield for
Proboscis | . . .
burrowing/feeding). creeping/tube secretion).
A Collar Bears 2-9 pairs of ciliated, tentaculate arms
Absent.
Appendages (lophophore).
I ' Pharyngeal Gill Numerous pairs (few to several One pair (Cephalodiscus) or absent
Slits hundred). (Rhabdopleura).
I Digestive Tract Straight; anus terminal at posterior end. U-shaped; anus dorsal, near the mouth.
Feeding Method Depos1t/Suspegs1on -t Active filter-feeding using ciliated arms.
O proboscis mucus.
Coelom Large, fluid-filled. Greatly reduced.
Reproduction Sexual only (dioecious); external Sexual (dioecious/monoecious) &
N P fertilization. Asexual (budding from a stolon).
Indirect; with free-swimming tornaria | Direct or with a brief, brooded planula-like larva;
S Development I .
arva. no tornaria.
Fossil Record Poor (soft-bodied). Excellent.(e. g., extinct Graptolithina are
considered fossil pterobranchs).
Ecological Role Major bioturbators; ree yele nutrients, Filter-feeders; contribute to benthic communities.
oxygenate sediment.

REPRODUCTION AND DEVELOPMENT IN HEMICHORDATA
Sexual Reproduction
e Sexuality: Primarily dioecious (separate sexes). Sexes are morphologically indistinguishable
externally.
e Gonads: Paired, sac-like structures.
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Enteropneusta: Multiple pairs of gonads arranged in dorsolateral rows along the
anterior region of the trunk. Each gonad opens independently to the exterior via
a gonopore.
o Pterobranchia: Typically possess a single pair of gonads located in the anterior trunk.
e Fertilization: External, occurs in the surrounding seawater.
¢ Spawning Synchronization: Coordinated by environmental cues (e.g., temperature,
photoperiod) and chemical signals. The release of spawning pheromones by one individual
triggers gamete release in nearby conspecifics, increasing fertilization success.
Asexual Reproduction
e Pterobranchia:
o Occurs via budding from a stolon (a creeping, living connective tube).
o Leads to the formation of colonies of genetically identical zooids, each living within its
own secreted tube (coenecium).
o Colonies can exhibit polymorphism (e.g., feeding autozooids and reproductive
gonozooids).
o Enteropneusta: Asexual reproduction is rare. When it occurs, it is usually
through fragmentation or accidental division,
followed by regeneration.
Developmental Strategies y
1. Class Enteropneusta: Indirect Development with a / :

Ciliated tract

A Coelom, Coelomyg,

M (protocoel) (axohydrocoel) ‘

A

/ — Mouth i
A
[é Pharyngeal \ §
\ slits [

\N Coelom, Stomach &

Tornaria Larva
e Process: Zygote — Free-swimming,
planktonic Tornaria Larva — Metamorphosis

— Benthic Juvenile. ‘ J/%C‘m'm“ﬂ Anus —— ] /e |
e Tornaria Larva Characteristics: My T Coslom, — X))/
. . i i —

o Morphology: 'Bllaterally symmetrical, A e
transparent’ Wlth Complex (:lllal‘y A Tornaria larva B Early bipinnaria larva
bands for locomotion and feeding. (Hemichordatz) (Echinodermata)

o Feeding: Planktotrophic - actively feeds on microscopic plankton using its ciliary

bands.

o Duration: Larval period lasts from several days to a few weeks, allowing for dispersal.

e Metamorphosis: The larva eventually sinks, undergoes a profound morphological
reorganization, and develops the three-part adult body plan.

¢ Key Evolutionary Insight: The tornaria larva is virtually identical to the
echinoderm bipinnaria larva in terms of ciliary band pattern, apical sensory organ, and digestive
system. This striking similarity is a cornerstone of evidence for the close evolutionary
relationship within Ambulacraria.

2. Class Pterobranchia: Direct Development with Brooding

e Process: Zygote — Brief, non-feeding (lecithotrophic) larval stage — Direct development into
a juvenile zooid.

¢ Larval Characteristics:

o Often called a planula-like larva. It is ciliated but does not feed, relying on yolk
reserves.

o Brooding: In most species, fertilization is external but the embryos are often retained
and brooded. In Rhabdopleura, eggs are fertilized within the female's tube and early
development occurs there. In Cephalodiscus, embryos may be brooded in specialized
structures.

e Settlement & Metamorphosis: The brooded larva is released, settles on the substrate, undergoes
a simple metamorphosis, and begins to secrete its tube. It may then start asexual budding to form
a colony.

MK PREPARATIONS: Let’s Make It Happen
+92 333 2605045, +92 342 4470091 5] 13

k.
-
=
—x

s
J—
=
=
=
@
=
i @
e
=2
=)
-~
=B
eV
-
=]




L MK PREPARATIONS) .-

. Class Planctosphaeroidea: The Larval Enigma
e Status: Known only from the larval stage. The adult form is unknown and has never been
observed.
e Larva (Planctosphaera): Large (up to 25 mm), spherical, transparent, with an extensively
branched ciliary band and a complex gut. It is presumed to be planktotrophic.
o Significance: Represents a distinct, likely deep-sea, lineage of hemichordates, highlighting the
diversity and unresolved mysteries within the phylum.

Reproduction & Development
Aspect Class Enteropneusta Class Pterobranchia

~ L

Asexual . Common and fundamental (budding from a
. Rare (fragmentation).
Reproduction stolon).
Gonads Multiple pairs in trunk. Usually a single pair.

Fertilization &
Embryonic Fate

External, but embryos are often brooded (in

External; embryos are planktonic. .
’ Y p tube or special structures).

Larval Tvpe Tornaria Planula-like larva. Lecithotrophic (non-
yp larva. Planktotrophic (feeds). feeding).
Larval Duration Long (weeks) for dispersal. Short, often within brood protection.
Indirect (with complex 4 . .
Development Mode BB orphosis). Direct (simple metamorphosis).
Primary Evidence for Tornaria larva similarity to Coloniality and lophophore structure;
Phylogeny echinoderm bipinnaria. molecular data.
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Evolutionary Significance & Phylogenetic Affinities
Affinities with Chordata
e Shared Characteristics (Potential Deuterostome Synapomorphies):
1. Pharyngeal Gill Slits: Homologous structures for filter-feeding/respiration.
2. Dorsal, Hollow Nerve Cord: Present in the collar region of some enteropneusts
(developmental homology via invagination).
3. Endostyle-like Structure: A ventral pharyngeal groove in some hemichordates binds
iodine, homologous to the chordate endostyle/thyroid precursor.
¢ Key Difference: Hemichordates lack a true notochord, a post-anal tail, and an endostyle.
The stomochord is not homologous to the chordate notochord (it is endodermal, not
mesodermal), though it may express some shared developmental genes (e.g., Brachyury).
Affinities with Echinodermata (Clade Ambulacraria)
e Shared Derived Characters (Ambulacrarian Synapomorphies):
1. Tripartite Coelom.
2. Larval Similarity: Tornaria (hemichordate) and bipinnaria/dipleurula (echinoderm)
larvae are nearly identical.
3. Axial Complex Homology: The hemichordate glomerulus/heart vesicle is homologous
to the echinoderm axial complex (madreporite, heart, kidney).
4. Molecular Evidence: Shared DNA sequences (rRNA, Hox genes), mitochondrial gene
order.
e Modern Phylogenetic Consensus:
o Ambulacraria = Hemichordata + Echinodermata.
o Ambulacraria is the sister group to Chordata.
o Deuterostomia = Ambulacraria + Chordata. (Xenacoelomorpha is a basal branch).
Advanced Concepts
e Genomic Insights: Sequencing of acorn worm (Saccoglossus kowalevskii) genomes reveals a
deeply conserved genomic landscape with chordates, especially in gene regulatory networks for
pharynx, gill slits, and nervous system development.
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e Graptolite Connection: The extinct, colonial Graptolithina (important Paleozoic fossils) are
now strongly considered to be an extinct class of hemichordates, closely related to pterobranchs.

¢ Ecological Role of Acorn Worms: As major bioturbators, they significantly impact marine
sediment ecology by oxygenating substrates, recycling nutrients, and influencing benthic
community structure.

¢ Xenoturbellida Relationship: The simple worm Xenoturbella was once considered a

hemichordate but is now placed in its own phylum, Xenacoelomorpha, considered a basal

deuterostome or sister to all Bilateria.

Evolutionary Hypotheses: The stark morphological difference between solitary enteropneusts

and colonial pterobranchs suggests a deep evolutionary split. Some hypotheses propose

pterobranchs may be neotenous, retaining larval features.

XENOTURBELLIDA

Examples Six species.

~ L

Description Xenoturbella is a genus of worm-like (up to 4 cm) bilaterian animals
that live in North Sea mud. These animals have no brain, an
incomplete gut, no excretory system, and no organized gonads. Sexual
reproduction does occur, as gametes are produced from unstructured
gonadal tissue. Xenoturbellids possess cilia and a diffuse nervous
system. Their larval stage develops as an internal parasite of certain
molluscs. The adults feed on bivalves and bivalve eggs.

Phylogenetic Molecular studies suggest that Xenoturbellida is a primitive basal

Relationships deuterostome or in a sister-group relationship with the echinoderms
and hemichordates. The latter interpretation is reflected in appendix
A and figure 16.19.
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Key Terminology

e Ambulacraria: The clade containing phyla Echinodermata and Hemichordata.

¢ Buccal Diverticulum (Stomochord): A hollow, blind pouch extending from the mouth cavity
into the proboscis; a synapomorphy of hemichordates.

e Glomerulus: An excretory structure in the proboscis, homologous to the echinoderm axial
complex.

e Proboscis, Collar, Trunk: The three main body divisions of a hemichordate, corresponding to
the protosome, mesosome, and metasome, each with its own coelomic compartment.

e Tornaria Larva: The free-swimming larval stage of many enteropneusts, demonstrating the
phylum's close evolutionary relationship with echinoderms.

o Tripartite Coelom: A body cavity divided into three pairs of compartments (protocol, mesocoel,
metacoel); a key shared feature of Ambulacraria.

Phylum Hemichordata: One-liners
e  The phylum Hemichordata includes marine deuterostomes with a body divided into proboscis, collar, and
trunk.
Hemichordata means "half chordate," a name reflecting their historical taxonomic confusion.
They are exclusively marine and are found from shallow intertidal zones to deep-sea environments.
Their bodies are soft and wormlike (enteropneusts) or short and compact with a stalk (pterobranchs).
Hemichordates possess a true triploblastic, coelomate body plan.
A key characteristic is the presence of pharyngeal gill slits connecting the pharynx to the outside.
They share the deuterostome traits of radial, indeterminate cleavage and typically enterocoelous coelom
formation.
e The body coelom is uniquely divided into three pairs of
compartments: protocoel (proboscis), mesocoels (collar), and metacoels (trunk).
e This tripartite coelom is a major synapomorphy they share with echinoderms.
e  The phylum is divided into two classes: Enteropneusta (acorn worms) and Pterobranchia.

nZ QO —~=2» XM
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e Hemichordates together with echinoderms form the clade Ambulacraria within Deuterostomia.

e The clade Ambulacraria is supported by molecular data (18S rDNA, Hox genes), larval similarities, and the
shared axial complex.

e The axial complex is a specialized excretory and filtration structure homologous to certain echinoderm
organs.

e The nervous system is primarily a subepidermal nerve plexus, sometimes thickened into dorsal and
ventral nerve cords.

e A hollow dorsal nerve cord is present in the collar region of some species but evolved independently of the
chordate nerve cord.

e They have a complete digestive tract running from the mouth on the ventral side to an anus.

e Circulation occurs via an open circulatory system with dorsal and ventral vessels and a dorsal heart.

e A network of blood sinuses called the glomerulus, located in the proboscis, is believed to have an
excretory function.

e Respiration occurs primarily by diffusion across the body wall and through the pharyngeal gill slits.

e Sexes are usually separate (dioecious), but some pterobranchs are hermaphroditic or monoecious.

o Fossil evidence suggests ancient hemichordates, like graptolites, were important index fossils in the

Paleozoic era.

CLASS ENTEROPNEUSTA (ACORN WORMS)

e Class Enteropneusta comprises the familiar acorn worms.

e They are free-moving, wormlike animals adapted for burrowing in sand or mud.

e Acorn worms typically range in size from 2 cm to 2.5 meters in length.

[ ]

[ ]

L]
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There are approximately 70-100 described species of acorn worms.
They commonly inhabit U-shaped burrows in intertidal and subtidal sediments.
The proboscis is muscular, conical, and used for burrowing and collecting food particles.
e The collar is a short, ring-like structure posterior to the proboscis.
e The elongate trunk contains the pharynx with gill slits, the gut, and the gonads.
They are primarily ciliary-mucus feeders, cither as deposit-feeders or suspension-feeders.
e In deposit-feeding, the proboscis collects organic matter which is transported by cilia to the mouth.
e In suspension-feeding, food is captured from water currents passing through the pharyngeal gill slits.
e  Gill slits can number from a few to several hundred, arranged in dorsolateral rows on the trunk.
e  Water flows into the mouth, through the U-shaped gill slits in the pharynx, into gill chambers, and out
through gill pores.
e The buccal diverticulum (a slender gut pouch in the proboscis) is a synapomorphy of hemichordates.
e  This structure was historically mistaken for a notochord, leading to the phylum's name.
e Sensory structures are simple, including chemoreceptors and photoreceptor cells, often concentrated on the
proboscis.
Gonads are arranged in two dorsolateral rows in the anterior part of the trunk.
Fertilization is external, with gametes released into the seawater.
Development often includes a free-swimming, planktonic larval stage called the tornaria.
The tornaria larva is strikingly similar to the echinoderm bipinnaria larva, indicating close evolutionary
ties.
Some species, like Saccoglossus, exhibit direct development, bypassing the tornaria stage.

e They are capable of asexual reproduction by fragmentation.

Their fecal castings deposited at burrow openings are often the most visible sign of their presence.

CLASS PTEROBRANCHIA
Class Pterobranchia includes small, often colonial, tube-dwelling hemichordates.
Pterobranchs are generally much smaller than enteropneusts, with bodies usually 1-7 mm long.
Only a few genera are known, including Cephalodiscus, Rhabdopleura, and Atubaria.
They are mostly sessile, living inside secreted proteinaceous tubes.
Their bodies also show the three-part division but are often U-shaped.
The proboscis is shield-shaped and functions in secreting the tube and locomotion within it.
The collar bears 2 to 9 arms, which are ciliated and bear numerous tentacles.
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e  These lophophore-like arms are used for filter-feeding on suspended particles.
e The digestive tract is U-shaped, bringing the anus close to the mouth.
e They possess very few pharyngeal gill slits (one pair or none), as their small size makes elaborate
respiratory structures unnecessary.
e Pterobranchs commonly reproduce asexually by budding from a stolon, leading to the formation of
colonies.
In colonial species like Rhabdopleura, individuals (zooids) are connected by a creeping stolon.
They also reproduce sexually; most species are dioecious.
Fertilization is external, and development often includes a short-lived, non-feeding, planula-like larva.
The larva may be brooded within the parent's tube before settling and metamorphosing.
The extinct Graptolithina (graptolites) are now widely considered to be fossil pterobranchs.
The discovery of the living species Cephalodiscus graptolitoides strongly supports the graptolite-
pterobranch link.
e  Graptolites are important index fossils for dating Ordovician and Silurian rock strata.
EVOLUTIONARY RELATIONSHIPS & SIGNIFICANCE
e Hemichordates are crucial for understanding deuterostome evolution, showing traits linking echinoderms
and chordates.
e The Ambulacraria hypothesis places hemichordates and echinoderms as sister groups, with chordates as
their closest relative.
e Shared features with chordates include pharyngeal slits and, in some species, a dorsal hollow nerve
cord in the collar.
e  The hemichordate dorsal nerve cord is not homologous to the chordate nerve cord, representing convergent
evolution.
e  Shared features with echinoderms include the tripartite coelom, similar larval development, and
the axial complex.
e The tornaria-bipinnaria similarity is a classical embryological evidence for the Ambulacraria clade.
Gill slits are considered an ancestral deuterostome character that was lost in the echinoderm lineage.
The ancestral ambulacrarian is hypothesized to have been a benthic, filter-feeding worm similar to an
enteropneust.
e  The buccal diverticulum is a definitive synapomorphy distinguishing hemichordates from other
deuterostomes.
e The mix of solitary/colonial and free-moving/sessile lifestyles within Hemichordata mirrors early
deuterostome diversification.
e Study of hemichordates provides insights into the evolution of gill slits, coelomic organization, and nervous

systems in deuterostomes.
Practice MCQs
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1. What is the common name for members of the B) Pharyngeal slits

class Enteropneusta? C) Notochord

A) Sea cucumbers D) Tripartite body division

B) Lancelets Answer: Notochord

C) Acorn worms 4. In acorn worms, the body region posterior to
D) Tunicates the proboscis is called the:

Answer: Acorn worms A) Trunk

2. The phylum Hemichordata is divided into how B) Collar

many classes? C) Metasome

A) One D) Thorax

B) Two Answer: Collar

C) Three 5. The feeding mode of most enteropneusts is best
D) Four described as:

Answer: Two A) Predatory

3. Which of the following is NOT a characteristic B) Parasitic

of Hemichordata? C) Deposit or suspension feeding

A) Dorsal tubular nerve cord
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D) Photosynthetic

Answer: Deposit or suspension feeding

6. Which structure in acorn worms is involved in
excretion and is located at the base of the
proboscis?

A) Nephridia

B) Glomerulus

C) Flame cell

D) Malpighian tubule

Answer: Glomerulus

7. The tornaria larva is characteristic of which
group?

A) Pterobranchia

B) Enteropneusta

C) Urochordata

Cephalochordata

Answer: Enteropneusta

8. Pterobranchs are typically:

A) Large, solitary predators

B) Small, colonial, tube-dwelling filter feeders

C) Free-swimming planktonic organisms

D) Burrowing detritivores

Answer: Small, colonial, tube-dwelling filter
feeders

9. The circulatory system in hemichordates is:
A) Closed

B) Open

C) Absent

D) Lacunar

Answer: Open

10. The buccal diverticulum in hemichordates was
once mistakenly thought to be homologous to the
chordate:

A) Heart

B) Notochord

C) Nerve cord

D) Endostyle

Answer: Notochord

11. In hemichordates, pharyngeal slits function
primarily in:

A) Respiration and filter feeding

B) Digestion

C) Excretion

D) Reproduction

Answer: Respiration and filter feeding

12. Which class of hemichordates possesses arms
with ciliated tentacles?

A) Enteropneusta

B) Pterobranchia

C) Planctosphaeridae

D) None of the above

Answer: Pterobranchia

13. The coelom in hemichordates is divided into
how many compartments?

A) One

B) Two

C) Three

D) Four

Answer: Three

14. The nervous system of hemichordates is
primarily:

A) Centralized with a brain

B) A ventral solid nerve cord

C) A diffuse epidermal nerve plexus

D) Absent

Answer: A diffuse epidermal nerve plexus
15. Which of the following is a shared larval form
between hemichordates and echinoderms?
A) Trochophore

B) Veliger

C) Tornaria and Bipinnaria

D) Planula

Answer: Tornaria and Bipinnaria

16. The proboscis of acorn worms is primarily
used for:

A) Digestion

B) Locomotion and feeding

C) Reproduction

D) Respiration

Answer: Locomotion and feeding

17. Hemichordates are placed within the
deuterostome clade:

A) Spiralia

B) Ecdysozoa

C) Ambulacraria

D) Lophotrochozoa

Answer: Ambulacraria

18. Approximately how many species of
Enteropneusta are described?

A) About 20

B) About 70-100

C) About 500

D) Over 1000

Answer: About 70-100

19. Excretory waste in acorn worms is filtered
through the glomerulus and released via pores in
the:

A) Collar

B) Trunk

C) Proboscis

D) Pharynx

Answer: Proboscis

20. Which genus is a common example of
Pterobranchia?

A) Balanoglossus

B) Sacoglossus

C) Rhabdopleura

D) Branchiostoma

Answer: Rhabdopleura
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Chapter 12
Phylum Chordata

The Phylum Chordata is a major phylum within the Deuterostomia clade, sharing common ancestry with
echinoderms and hemichordates. It encompasses a remarkable diversity of animals, from simple
invertebrate filter-feeders to the most complex vertebrates, including humans. Chordates are defined by the
presence of five key anatomical structures at some stage in their life cycle. They are triploblastic,
bilaterally symmetrical, coelomate organisms with a closed circulatory system and metameric

segmentation. This  phylum  demonstrates
extraordinary adaptive radiation, occupying marine,
freshwater, terrestrial, and aerial habitats.
Characteristics:

o Triploblastic, Bilaterally Symmetrical,
Coelomate: Three germ layers, mirror-
image body plan, and a true body cavity
lined by mesoderm.

¢ Deuterostome Development: Exhibits
radial indeterminate cleavage, blastopore
becomes anus, and enterocoelic coelom
formation (secondarily schizocoelous in
many vertebrates).

e Metameric Segmentation: Evident in
muscular (myomeres), skeletal (vertebrae),
and nervous system organization.

e Closed Circulatory System: Blood
confined to vessels with a ventral,
chambered heart (in vertebrates).

The Five Diagnostic Chordate Characteristics

All members of the phylum possess the following
five hallmarks during embryonic, larval, or adult
stages.

Notochord

A flexible, rod-like structure located dorsal to the gut
and ventral to the nerve cord. Its core consists of
large, fluid-filled vacuolated cells enclosed in a
tough fibrous sheath. It functions as a primary axial
hydrostatic skeleton, providing support and a firm
base for the attachment of segmented body muscles
(myomeres). In most vertebrates, it is largely
replaced by the vertebral column, with remnants
persisting as the nucleus pulposus in mammalian
intervertebral discs.

Dorsal Tubular (Hollow) Nerve Cord

A single, hollow nerve cord derived from dorsal
ectoderm via neurulation. It is located dorsal to the
notochord and forms the central nervous system. Its
anterior end enlarges to form a complex brain in
vertebrates. This contrasts with the solid, ventral
nerve cords typical of invertebrates like annelids and
arthropods.
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(a) slits or pouches

Characteristics of Phylum Chordata
Postanal tail; notochord; endostyle or thyroid gland; bone

and cartilage in vertebrates

. Living in marine, freshwater, and terrestrial habitats; many capa-

ble of flight

. Free-living, but a very few fishes are ectoparasitic
. Bilateral symmetry; segmented, but segmentation inconspicuous

in many

. Triploblastic
. Coelom well developed
. Epidermis present in all; dermis in vertebrates; keratinized or

bony structures often present in vertebrate inte gument; skin
glands often diverse and abundant in vertebrates

. Digestive system complete: muscular gut in vertebrates; pharyn-

geal pouches present early in development, erupting to outside
as gill slits in aquatic forms

. Smooth, skeletal, and cardiac muscle tissue present; segmented

myomeres in amphioxus, fishes, and amphibians

. Nerve cord hollow and dorsal; distinct, three-lobed brain

present in vertebrates

. Protochordates with simple, unpaired photoreceptors and stato-

cysts; vertebrates with well-developed paired sensory organs for
vision, chemoreception, hearing, balance, electroreception, and
vibration sensitivity

. Asexual reproduction uncommon, but occurs by parthenogenesis

in some fishes, amphibians, and lizards

. Sexes usually separate; hermaphroditism in tunicates and some

fishes; fertilization internal or external; oviparous or viviparous;
distinct larval stage in some; parental care of young in many ver-
tebrates

. Paired, glomerular kidneys and ducts in vertebrates
. Respiration primarily via gills, lungs, and skin; swim bladder

present in many fishes, functioning in buoyancy
Macad rirsulatian: shamhanad hanete and wad hlasd 2alle in

Pha ry‘rngeal

Endostyle or thyroid gland
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Viodern Cladistic Hierarchy of Chordata
e PHYLUM CHORDATA
o Subphylum Cephalochordata (Lancelets, e.g., Branchiostoma) — Basal chordate
group.
o Clade Olfactores
=  Subphylum Urochordata (Tunicata) — Sister group to Vertebrata.
=  Subphylum Vertebrata (Craniata)
= Infraphylum Cyclostomata (Jawless vertebrates)
= Class Myxini (Hagfishes)
= (Class Petromyzontida (Lampreys)
= Infraphylum Gnathostomata (Jawed vertebrates)
» (Class Chondrichthyes (Cartilaginous fishes)
» Clade Osteichthyes (Bony vertebrates)
= C(Class Actinopterygii (Ray-finned fishes)
= Class Sarcopterygii (Lobe-finned fishes & Tetrapods)
= Subclass Dipnoi (Lungfishes)
= Subclass Actinistia (Coelacanths)
* Superclass Tetrapoda
= (Class Amphibia
=  Series Amniota
= C(Class Reptilia (including Aves)
= (Class Mammalia
Subphylum Urochordata (Tunicata)
General Characteristics:

e Approximately 3000 marine species.

e Adults are mostly sessile and highly modified; their chordate affinity is revealed by the free-
swimming "tadpole" larva which possesses all five characteristics.

e Paedomorphic Evolution: Some theories (like Garstang's) suggested vertebrates evolved via
paedomorphosis (retention of larval traits) from a tunicate-like ancestor. Modern phylogenetics
rejects this, placing tunicates as a specialized offshoot.

e Current Phylogenetic Position: Molecular evidence (e.g., 18S rRNA, phylogenomics)
identifies Urochordata as the sister group to Vertebrata, making them our closest invertebrate
relatives, despite their derived adult form.

Anatomical & Physiological Features
1. The Tunic & Integument:

e Composition & Secretion: The tunic is a living, non-cellular matrix secreted by the epidermis of
the mantle. It is composed of tunicin (a form of cellulose), proteins (including a scleroprotein),
and various salts. Tunicates are the only animals known to produce cellulose.

¢ Origin of Cellulose Synthesis: The ability is likely due to horizontal gene transfer from
ancestral bacterial symbionts early in urochordate evolution.

e Structure & Function: The tunic can be gelatinous, leathery, or rigid. It provides physical
protection, a substrate for epibiont settlement, and may deter predators. Blood vessels and
mesenchymal cells can penetrate it, making it integral, not just an exoskeleton.

e Commercial Potential: Tunicin is a highly pure, nanostructured cellulose with investigated
applications in tissue engineering, nanofiltration membranes, and as a ""green" biomaterial.

2. Retrogressive Metamorphosis:

e Process: The highly motile, neurologically complex larva attaches via adhesive papillae. Over

several hours, drastic changes occur:
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Chapter 13
Fishes: Vertebrate Success In Water

In common usage, the term "fish" is often applied incorrectly to aquatic invertebrates such as jellyfish,
cuttlefish, or starfish. Biologically, a fish is defined as an aquatic, gill-breathing vertebrate with
appendages (if present) in the form of fins, and usually skin covered in scales of dermal origin. This
is a convenient descriptive term, not a valid taxonomic unit, because fishes as traditionally defined
do not form a monophyletic group. The ancestor of all land vertebrates (tetrapods) is found within a
lineage of fishes (the Sarcopterygians). A more precise, cladistic definition is therefore: all vertebrates
that are not tetrapods.

Fishes are the oldest and most diverse group of vertebrates. With over 34,000 described species (and
thousands more likely undiscovered), they represent about half of all vertebrate species. They have
successfully radiated into virtually every aquatic habitat on Earth, from high-altitude streams and desert
springs to the abyssal depths of the ocean, demonstrating exquisite adaptations to life in water.
EVOLUTIONARY PERSPECTIVE AND PHYLOGENY

Water covers 73% of Earth's surface. It is a dense, buoyant, and thermally stable medium that presents
unique physiological challenges related to locomotion, respiration, and osmoregulation. Fishes represent
the ancestral vertebrate group from which all other vertebrates (tetrapods) evolved. Their evolutionary
history spans over 500 million years, beginning in the early Paleozoic era.

Milestones in Early Vertebrate Evolution:

e  Mylokunmingiids (~530-520 mya): Among the earliest known craniates. Small, lancelet-shaped
animals with a protective, non-bony braincase, large eyes, and fish-like muscle blocks
(myomeres), suggesting they were active, visual predators.

e Conodonts (~510 mya): Eel-like vertebrates known primarily from their tooth-like feeding
elements called denticles, made of hydroxyapatite. This represents one of the first appearances
of mineralized tissue (bone) in the vertebrate lincage.

e Ostracoderms (Extinct): A paraphyletic assemblage of early, jawless vertebrates. They were
bottom-dwelling, heavily armored with bony dermal plates, and mostly lacked paired fins. Most
were filter-feeders or detritivores.

e Placoderms (Extinct): The first major group of jawed vertebrates (Gnathostomes),
characterized by heavy bony armor on the head and thorax. They possessed paired pectoral and
pelvic fins.

e Key Innovations: The evolution of the braincase, mineralized tissues (bone/dentine), hinged
jaws (from modified anterior pharyngeal arches), and paired appendages were transformative
events that enabled vertebrate diversification.

Phylogenetic Relationships:
Modern cladistic analysis, supported by molecular data, clarifies the relationships of living fishes. The
traditional group "Agnatha" (jawless fishes) is paraphyletic.

¢ Cyclostomata is a monophyletic clade containing the living jawless fishes: Myxini
(hagfishes) and Petromyzontida (lampreys).

¢ Gnathostomata is a monophyletic clade containing all jawed vertebrates, including
cartilaginous fishes, bony fishes, and tetrapods.

o Hagfishes are the most basal living craniates. Lampreys are more closely related to jawed
vertebrates than to hagfishes.

Marine vs. Freshwater Origins: Evidence suggests the first vertebrates were marine. However,
vertebrates invaded freshwater very early in their history. Remarkably, over 41% of all fish species are
now restricted to freshwater habitats, which constitute less than 0.01% of Earth's water volume,
indicating a massive evolutionary radiation in continental waters.

SURVEY AND CLASSIFICATION OF LIVING FISHES

CYCLOSTOMATA: THE LIVING JAWLESS FISHES
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STRUCTURAL AND FUNCTIONAL ADAPTATIONS OF FISHES
LOCOMOTION AND BUOYANCY
The aquatic environment, with a density ~800 times that of air and significant viscosity, presents unique
challenges for propulsion and maintaining position in the water column. Fishes have evolved a
spectacular array of solutions.
LOCOMOTION
Body Form and Hydrodynamics:
Fish body shapes are direct adaptations to their ecological niche and swimming style, primarily
minimizing drag (resistance).
e Fusiform (Torpedo-shaped): Streamlined, rounded cross-section, tapered at both
ends. Minimizes turbulent drag. Found in fast, continuous swimmers like tunas, mackerel, and
marlin.
e Laterally Compressed: Body is tall and thin, like a disc. Enhances maneuverability and quick
turns in complex habitats like coral reefs (e.g., butterflyfish, angelfish).
¢ Dorsoventrally Flattened: Body is flattened from top to bottom. Adapted for benthic (bottom)
life, allowing them to rest on or glide just above the substrate (e.g., skates, rays, flounders).
¢ Filiform (Eel-like): Elongate, cylindrical body. Suited for burrowing, hiding in crevices, and
anguilliform swimming (e.g., eels, hagfishes).
Swimming Mechanism — The Myomere Engine:
The primary propulsive force is generated by the axial body musculature, organized into segments
called myomeres. These are arranged in a complex, nested W-shaped pattern along the body. This

nZO—~—=p»pRXpPpoumE
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Chapter 14
Amphibians: The First Terrestrial Vertebrates

Amphibians (Class Amphibia), meaning "double life," are ectothermic, tetrapod vertebrates that
represent the evolutionary transition from aquatic to terrestrial life. They are characterized by a moist,
permeable skin used in cutaneous respiration and typically a biphasic life cycle involving an aquatic
larval stage and a terrestrial adult phase. Modern amphibians (Lissamphibia) comprise over 8,400
species in three extant orders. They are the only living vertebrates that demonstrate the water-to-land
transition in both their individual development (ontogeny) and evolutionary history (phylogeny).
Evolutionary Perspective and Origins

~ L
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Transition from Water to Land: Physical Challenges & Adaptations
The move to land required accommodation of major physical differences between aquatic and terrestrial

environments:

¢ Higher Oxygen Content & Rapid Diffusion: Air contains ~20 times more oxygen than water,
facilitating the evolution of lungs and cutaneous respiration.

e Lower Density & Viscosity: Air provides little buoyancy, necessitating the evolution of stronger

skeletal and muscular systems for support and locomotion against gravity.

e Greater Temperature Fluctuations: Terrestrial habitats experience more extreme temperatures,

requiring behavioral and physiological adaptations for thermoregulation.
¢ Increased Habitat Diversity: Drove the evolution of diverse morphological and life-history

strategies.

This transition involved modifications to virtually every organ system.
Devonian Origin of Tetrapods
The transition began in the Devonian period (~416 million years ago) within freshwater bony fish

populations. Key exaptations (pre-adaptations) in aquatic sarcopterygian (lobe-finned fish) ancestors

facilitated the move:

¢ Internal Nares (Choanae): Paired openings connecting the nasal cavity to the pharynx, allowing

air to be drawn into the mouth for breathing.
e Air-filled Cavity: A homologous structure that functioned as a swim bladder in fish was co-
opted for use as a lung for air breathing. The original function (buoyancy vs. respiration) is still

debated.

e Paired Fins: The bony elements within lobe-finned fish fins were precursors to tetrapod limb

bones.

e Selective Pressures: Unstable freshwater habitats (prone to drying or oxygen depletion) drove
the evolution of terrestriality.
Transitional Fossil Forms ("'Fish-to-Tetrapod')

Key Features

Interpretation & Significance

Lobe-finned fish with Primarily aquatic; used muscular fins
Eusthenopteron | 385 mya clear humerus, radius, ulna, and for pushing through substrate.
wrist element homologies. Shows pre-adaptation of limb bones.
"Fishapod': Fish-like scales & fins, Morphological intermediate. Likely a
Tiktaalik 375 mya but with tetrapod-like robust ribs, a shallow-water dweller that could
mobile neck, and primitive wrist support its body and possibly venture
joints. onto land.
Early true tetrapod with well-formed Primarily aquatic; limbs were likely
Acanthostega 365 mya | limbs bearing eight digits; weak limb used for paddling or walking on
girdles; retained gills. substrate, not terrestrial locomotion.
Stronger limbs & girdles; robust ribs | Capable of some terrestrial locomotion
Ichthyostega 365 mya | for body support; early ear structures; but still largely tied to water. A key
retained tail fin and opercular bones. model for early tetrapod anatomy.
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Chapter 15
Reptiles

The Amniota is a monophyletic lineage of vertebrates whose defining, key evolutionary innovation is
the amniotic (cleidoic) egg. This adaptation freed vertebrates from aquatic reproduction, enabling the full
colonization of terrestrial habitats.
¢ Evolutionary Significance:
o Severed the last reproductive tie to water.
o Enabled exploitation of arid inland habitats.
o Triggered a major adaptive radiation in the late Carboniferous and Permian periods (~312
MYA).
e Structure of the Amniotic Egg: It contains unique extraembryonic membranes:
o Amnion: Forms a fluid-filled cavity (amniotic fluid), providing an aqueous
microenvironment and hydraulic cushion.
o Chorion: Outer membrane for gas exchange. Fuses with the allantois to form
the chorioallantois, a highly vascularized respiratory surface.
o Allantois: Stores nitrogenous waste (as uric acid) and is vascularized for respiration.
o Yolk Sac: Nutrient reservoir (present in some anamniotes but fully integrated into the
amniote system).
o Shell: Leathery or calcified; provides mechanical support, limits water loss, and allows
for gas exchange via pores.
Ancestry and Early Diversification
e Ancestors: Evolved from

srnall, lizard-like Mineralized
anthracosaur tetrapods in the shell / :
Late Carboniferous. Chorion /L
e Basal Condition: Possessed / i .
Allantois —— S8/ { .

an anapsid skull (no temporal ’
openings), were ectothermic, and \
had keratinous scales.
e Major Divergence: The amniote Yolk sac
lineage split into two major
branches:
1. Synapsida: Characterized
by a single temporal
fenestra. This lineage gave rise to mammals.
2. Sauropsida (Reptilian Lineage): This lineage includes all reptiles. Its earliest members
had a diapsid skull (two pairs of temporal openings).
CLADISTICS & MODERN CLASSIFICATION OF REPTILES
Traditional Linnaean taxonomy classifies Class Reptilia as including turtles, lizards, snakes, tuataras, and
crocodilians, but excludes birds. This makes Reptilia a paraphyletic group because it does not include
all descendants of their most recent common ancestor (birds).

Amnion
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“ranial Kinesis: The Kinetic Skull
A defining feature of the order Squamata, especially snakes, is a highly kinetic skull with multiple
mobile joints.
e Components of Kinesis:
1. Streptostyly: The quadrate bone (which articulates with the lower jaw) is freely
movable, not fused to the skull.
2. Mandibular Independence: The two halves of the lower jaw (dentary bones) are not
fused at the chin (symphysis menti), connected only by flexible ligaments.
3. Movable Palatal Bones: The pterygoid, palatine, and maxilla bones can move
independently.
¢ Feeding Mechanism (Snakes): This allows for the "pterygoid walk' or "mandibular
raking." Alternating sides of the jaws are ratcheted forward over the prey, while recurved
teeth pull it inward. The highly distensible skin and loosely attached jaw muscles allow snakes to
swallow prey with a diameter much larger than their own head.
3. Circulatory System
The Three-Chambered Heart:
Most reptiles (except crocodilians) have a heart with two atria and a single, incompletely partitioned
ventricle.
¢ Internal Anatomy of the Ventricle: It is not a simple sac but contains a complex system
of muscular ridges (trabeculae) and a partial interventricular septum that create three
functional subchambers:
1. Cavum Pulmonale: Receives deoxygenated blood from the right atrium.
2. Cavum Venosum: A central mixing chamber.
3. Cavum Arteriosum: Receives oxygenated blood from the left atrium.
¢ Mechanism of Partial Separation: During ventricular contraction, the muscular ridge apposes
the ventricular wall, temporarily separating the cavum arteriosum from the other chambers. This,
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combined with the timing of atrial contractions, ensures that:
o Deoxygenated blood is preferentially ejected into the pulmonary artery.

o Oxygenated blood is
preferentially ejected into
the right and left systemic
arches.

e Cardiac Shunting: The incomplete
septum provides a crucial physiological
advantage: controlled intracardiac
shunting. During apnea (e.g., diving,
breath-holding), pulmonary resistance
increases. The reptile can shunt
deoxygenated blood away from the
lungs, directly into the systemic circuit.
This conserves energy and maximizes
use of lung oxygen stores. It is a key
adaptation for intermittent breathers
like diving turtles and estivating
lizards.

The Four-Chambered Heart of Crocodilians:
A Refined Pump

’\_,‘" Oxygenated blood

r_ﬂ Less oxygenated blood
L2

Left systemic arte
Right systemic Lt i

artery Right atrium
Pulmonary
i wveins

Vena cava

Pulmonary
artery

Muscular ridge

Crocodilians (and birds and mammals) evolved a heart with two atria and two completely separated

ventricles.
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Chapter 16

Birds: Class Aves

Birds (Class Aves) are a diverse group of endothermic, bipedal, feathered vertebrates characterized by
forelimbs modified as wings, a beak without teeth, and the laying of hard-shelled amniotic eggs. Their
form is a classic study in evolutionary adaptation for flight, although numerous species are secondarily

flightless. The integration of their =Y
anatomy and physiology represents .. =)
M one of the most specialized designs Characteristics of Aves &
K in the animal kingdom. 1. Neck elongate and S-shaped; forelimbs modified as wings; o
General Characteristics endothermic -
Feathers: Complex integumentary 2. Epidermal converting of feathers and leg scales; thin epidermis %
structures made of keratin, and dermis sweat glands; oil gland at base of tail oo
egsential for flight, insulation, and 3. Skull with one occipital condyle; many bones with air @)
P display. cavities; ribs with strengthening, uncinate processes; tail short, ~u
*  Wings: Forelimbs caudal vertebrate reduced to a pygostyle; pelvic girdle a %
R rno.diﬁe'd fOf flight (Pr synsacrum; sternum usually large and keeled v
swimming in penguins). 4. No teeth; each jaw covered with a keratinized sheath, forming a >
E o Lightweight beak; gizzard present <
Skeletoq: Bqnes are 5. Brain well developed, with large optic lobes and cerebellum; g
P pneumatic (air-filled) and 12 pairs of cranial nerves
many are fused for 6. Eyes large, with pecten (see Figure 27.15); middle ear with a sin-
strength and rigidity. gle bone
A » Toothless Beak: A 7. Separate sexes; internal fertilization; copulatory organ (penis)
keratin-covered bony only in paleognathids, ducks, geese, and a few others; females
R structure adapted for with functional left ovary and oviduct only; sex determined
diverse feeding strategies. by chromosomes (female is heterogametic)
A e High Metabolic 8. Fetal membranes of amnion, chorion, and allantois; oviparous;
Rate: Supports ) eggs with much yolk and hard, calcareous shells; extensive
T endothermy and the high parental care of young
energy demands of flight. 9. Excretory system of metanephric Kidneys (see Figure 30.9) and
I o Efficient Respirat(?ry ureters that open into cloaca; uric acid main nitrogenous waste
System: Features air 10. Lungs of parabronchi with continous air flow; syrinx (voice
sacs and unidirec'tional box ) present; air sacs among visceral organs and skeleton
O airflow for superior 11. Heart with two atria and two ventricles; separate pulmonary
oxygen uptake. and systemic circuits; persistent right aortic arch; nucleated
N e Oviparity: All birds red blood cells
lay cleidoic (closed) eggs
S with calcareous shells.

¢ Four-Chambered Heart: Complete separation of oxygenated and deoxygenated blood.
EVOLUTIONARY ORIGIN AND PHYLOGENETIC RELATIONSHIPS
Birds are a lineage of feathered, endothermic, theropod dinosaurs within the clade Avialae. Their
evolution is one of the best-documented major transitions in the vertebrate fossil record, showcasing a
classic example of mosaic evolution.
Key Fossil Evidence & Transitional Forms:
e Yigi (Jurassic): A feathered theropod with membranous, bat-like wings. It was likely a glider,
indicating an early, alternative experiment in vertebrate flight.
e Sinosauropteryx (Early Cretaceous): Possessed simple, hollow,
tubular protofeathers (filaments). This demonstrates that feather precursors evolved for
functions other than flight, such as insulation or display.
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o Carpometacarpus & Tarsometatarsus: Fusion of wrist/hand bones and ankle/foot
bones, respectively. This reduces the number of movable joints, increasing skeletal
efficiency.

Flight Adaptations:

e Keeled Sternum (Carina): A large, ventral, median projection of the sternum. It provides an
enormous surface area for the attachment of the primary flight muscles

(pectoralis and supracoracoideus). Its size is directly correlated with flight power.

Furcula (Wishbone): The fused clavicles. It acts as a spring, flexing during the downstroke to

store elastic energy, which is released during the upstroke, aiding in wing elevation. It also braces

the shoulders against the forces of flight.

e Uncinate Processes: Hook-like, bony projections that extend caudally from the ribs, overlapping
the next rib. This creates a stronger, more rigid thoracic basket to protect organs and anchor flight
muscles.

e Modified Forelimb (Wing): The ancestral tetrapod limb is heavily modified. The semilunate
carpal bone allows for a sweeping, folding motion. Digits are reduced: Digit I (Alula/thumb),
Digit II (main support for primary feathers), Digit III (vestigial).

e Perching Mechanism: A brilliant example of tendon automation. When a bird's ankle joint bends
to squat on a perch, tendons (the flexor perforans et perforatus group) are automatically pulled
taut, causing the toes to clench. This allows birds to sleep without falling.

~ L

[—
=
=)
i @
H
=¥
%
@)
—
=]
72!
17!
Z
(g~
17,/]
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Carpometacarpus
Second digit
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thigh bone Ribs
Tibiotarsus: shin bone
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Flexible Neck:

Compensates for the rigid trunk. Birds have a large number of cervical vertebrae (13-25, depending on
species) with heterocoelous (saddle-shaped) centra, allowing great flexibility in all directions. The skull
articulates via a single occipital condyle (a reptilian trait), enabling extensive rotation.

MUSCULAR SYSTEM
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Chapter 17

Mammals

Mammals (Class Mammalia) represent one of the most biologically differentiated of endothermic,
amniotic vertebrates. They are uniquely characterized by the presence of hair and mammary glands,
occupying nearly every terrestrial, aquatic, and aerial habitat on Earth.

e Species Diversity: Approximately 5,700 described species.

e Size Range: From the 2-gram bumblebee bat (Craseonycteris thonglongyai) to the 170-ton blue
whale (Balaenoptera musculus).
Characteristic Description & Components Functional Significance
Composed of keratin; present at some life
stage in all species. Layers: medulla, cortex, | Insulation, camouflage, sensory perception
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complex social behavior.

Internal heat generation via metabolism

Endothermy & | 4 Enables activity in varied climates;
Homeotherm (endothermy); maintenance of constant high supports hich-enerey lifestyles
Y body temperature (homeothermy). PP & &y yies.
Other Notable Epiphyses on long bor{es, .enucleatf':d red Growth regulation, efficient gas transport,
blood cells, metanephric kidneys with loop . .
Features water conservation, waste excretion.

of Henle, urea as primary nitrogenous waste.

ORIGIN AND EVOLUTION OF MAMMALS

Mammals evolved from synapsid amniotes, a lineage distinct from diapsid reptiles (dinosaurs, lizards,

birds).

Synapsid Lineage

Characterized by a skull with a single pair of temporal fenestrae.
Time

cuticle. Types: underhair (insulation) and (vibrissae), protection, communication.
guard hair (protection).
P Mammary Modified apocrine (sweat) glands that Defines the class; enables
Glands secrete milk for nourishing offspring. extended parental care.
R . Lower jaw composed of a Increased jaw strength and efficiency; part
Single Dentary . . . . . o 2.
single dentary bone, articulating directly of evolutionary transition from reptilian
Bone - .
with the squamosal bone of the skull. jaw.
E . Malleus (from articular bone), Incus (from Amplifies sound vibrations; enhances
Three Middle . . . >
. quadrate bone), Stapes (homologous to hearing acuity, especially in higher
Ear Ossicles g o -
P amphibian/reptilian columella). frequencies.
Diphyodont Two sets of teeth: deciduous ("milk teeth") Balanced wear and replacement;
A Dentition and permanent set. specialization for varied diets.
Muscular Sheet of muscle separating thoracic and Enabl.es e.f ficient negz}tlvefpressure lqng
. . b ventilation, supporting high metabolic
R Diaphragm abdominal cavities. >
Four-Chambered Complete separation of pulmonary and Supports endf)thermy anq hlgh metabolic
A Heart systemic circuits rates, prevents mixing of
) oxygenated/deoxygenated blood.
Responsible for higher cognitive functions:
T Highly Developed Enlarged, often convoluted outer layer sensory integration, voluntary motor
Neocortex of cerebral cortex. control, learning, memory, reasoning,

Group Period Key Features Examples
Earl Early, diverse synapsids; sprawling gait; Dimetrodon (often
Pelycosaurs Y likely ectothermic; some with dorsal sails mislabeled as "mammal-like
Permian . . o
(thermoregulation/display). reptile").
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Type Adaptations Examples
Cursorial Elongated limbs; digitigrade/unguligrade posture. Horses, deer, antelope.
Fossorial Powerful forelimbs; reduced eyes/pinnae. Moles, a;‘madﬂlos,
marsupial moles.
Scansorial/Arboreal Grasping limbs; claws; prehensile tails. Squirrels, primates,
possums.
. True powered flight via patagium over elongated | Bats (Chiroptera) — only
Aerial L
digits. mammals capable.
Gliding Patagial membranes for controlled descent. Flying squirrels, colugos.
. Streamlined body; limbs modified into flippers; Whales (Cetacea), seals,
Aquatic .
blubber. manatees (Sirenia).
Saltatorial Adapted for leaping; powerful hindlimbs. Kangaroos, kangaroo rats.
. . Obligate in humans: S-shaped spine, short broad Humans (exclusive
Bipedalism ;i . . .
pelvis, angled femur, anterior foramen magnum. among living mammals).
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Chapter 18

Nutrition and Digestion

Nutrition is the sum of all processes involved in the procurement, intake, digestion, absorption, and
utilization of substances necessary for growth, maintenance, repair, and metabolic functions. Nutrients are
substances that supply the body with elements essential for metabolism.

Importance of Nutrition

Aspect Physiological & Molecular Role
Growth (Hyperplasia & Provides substrates (amino acids, fatty acids, minerals) for the synthesis of new
Hypertrophy) tissues (e.g., bone matrix, muscle protein). Critical during developmental

windows (prenatal, adolescent). Hormones (GH, IGF-1) are nutrient-sensitive.

Repair & Enables continuous tissue turnover (e.g., intestinal epithelium renewal every 3-
Maintenance (Homeostasis) 5 days). Nutrients act as cofactors (Zn in DNA polymerase)

and antioxidants (Vitamins C & E) to mitigate oxidative damage and support
apoptosis/autophagy of damaged cells.
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P Energy (ATP Production) Macronutrients undergo catabolism to yield ATP:
» Carbohydrates: Primary fuel via glycolysis & oxidative phosphorylation.
R * Lipids: High-yield energy reserve via f-oxidation.
* Proteins: Emergency fuel via gluconeogenesis (catabolic states).
E Nutrition Vs Digestion
P Feature NUTRITION DIGESTION
Definition Holistic process of obtaining & utilizing Specific breakdown of food into absorbable
A nutrients. units.
R Scope Extremely broad (behavior, physiology, ecology). | Narrow (focused on GI tract processes).
A Primary Goal | Acquire matter & energy for life functions. Convert food into absorbable form.
T Key Processes | Ingestion, Digestion, Absorption, Transport, Ingestion, Mechanical/Chemical Breakdown,
Assimilation, Catabolism, Egestion. Propulsion.
I Systems Digestive, Circulatory, Lymphatic, Endocrine, Primarily Digestive System & exocrine
O Involved Excretory, Nervous. glands.
End Point Cellular metabolism (ATP, biosynthesis). Lumen of small intestine (simple molecules
N ready for absorption).
S Regulation Systemic (e.g., insulin, leptin). Largely local (e.g., gastrin, secretin, enteric
nervous system).

Fundamental Nutritional Dichotomy:
¢ Autotrophy: Organisms synthesize their own complex organic molecules from simple inorganic
substances.
e Heterotrophy: Organisms cannot synthesize their own organic compounds and must obtain them
from other organisms.
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ANATOMICAL ORGANIZATION AND TISSUE LAYERS
The gastrointestinal tract (GIT) wall has a consistent four-layered structure from the esophagus onward:
Layer Components & Structure Primary Functions

Mucosa - Epithelium (simple columnar in most, stratified Secretion of enzymes/mucus;
squamous in mouth/esophagus) absorption of nutrients.

- Lamina propria (connective tissue)

- Muscularis mucosae (thin smooth muscle)

Submucosa Dense connective tissue containing blood vessels, Provides vascular supply and
lymphatics, nerves (submucosal/Meissner's plexus). neural control.

Muscularis Inner circular and outer longitudinal layers of smooth Responsible for

Externa muscle (except stomach has third oblique layer). motility: peristalsis (propulsion)
Controlled by myenteric/Auerbach's plexus. and segmentation (mixing).

Serosa/Adventitia | Outer connective tissue layer; serosa is covered by Protection and lubrication.

visceral peritoneum.

Submucosal plexus
(Meissner's plexus)

Submucosa———————————— ‘

Mesentery
Artery
Nerve

Myenteric plexus
(Auerbach's plexus)

Gland in mucossa

Duct of gland
outside tract

Lymphatic tissue

Lumen L Serosa:
—___—Areolar connective tissue
Mucosa: T Epithelium
Epithelium

Lamina propria

h Muscularis:
Muscularis mucosae

Circular muscle
Longitudinal muscle

ORGANS OF THE DIGESTIVE SYSTEM AND THEIR FUNCTIONS
1. MOUTH (ORAL CAVITY)
¢ Functions: Ingestion, mechanical breakdown (mastication), initiation of chemical digestion.
e Structures:
o Teeth: Heterodont dentition (Incisors, Canines, Premolars, Molars) for cutting, tearing,
and grinding.
o Tongue: Muscular organ for manipulation, taste, and swallowing.
o Salivary Glands: Three pairs - Parotid, Submandibular, Sublingual.
e Secretion - Saliva (~1-1.5 L/day):
o Composition: Water, mucus, electrolytes, salivary amylase (ptyalin), lingual lipase,
lysozyme, IgA.
o Functions:
* Moistens and lubricates food (mucin).
= Initiates starch digestion (amylase).
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e Muscularis (longitudinal, circular, oblique muscles for churning)
e Mucosa (contains gastric glands).
e Gastric Glands & Secretions

Gastric Juice Components
Cell Type Secretion Function

Mucous Cells Mucus Protects stomach lining from acid/enzymes.
Parietal (Oxyntic) HCI (Hydrochloric Creates acidic pH (1.5-3.0); activates pepsinogen;
Cells Acid) kills microbes; softens food.

Chief (Zymogen) Pepsinogen (inactive) Activated to pepsin by HCI; digests proteins —
Cells peptides/peptones.

G-Cells Gastrin (hormone) Stimulates parietal and chief cells.

Chyme: Semi-fluid, partially digested food mass leaving the stomach.

e Regulation of Gastric Secretion

e Cephalic Phase: Stimulated by sight, smell, taste of food (via vagus nerve).

e Gastric Phase: Food distension stimulates gastrin hormone release — increases secretion.

e Intestinal Phase: Inhibitory signals from duodenum slow gastric emptying.

¢ Functions: Temporary storage, mechanical churning, chemical digestion of proteins.

¢ Gastric Glands & Secretions:

e Process: Food mixes with gastric juice to form semi-liquid chyme.

¢ Protection Against Self-Digestion: Mucous-bicarbonate barrier, rapid epithelial turnover, tight
junctions.

o Exit: Pyloric sphincter regulates chyme release into duodenum.
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5. The Small Intestine
The small intestine is the primary site for the chemical digestion of macromolecules and the absorption
of over 90% of nutrients, water, and electrolytes. Its considerable length (~6 meters in vivo, longer
post-mortem) and specialized architecture provide an immense surface area and ample transit time for
efficient processing.
Anatomical Regions & Specialized Functions
The small intestine is divided into three sequential regions, each with distinct roles.
A. Duodenum (First ~25 cm)
The "mixing bowl" and initial site of major chemical digestion.

¢ Receives Inputs:

nZOm—~=-pXpdmRId
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= Stem Cells at the crypt base.

Functions
Water & Electrolyte Reabsorption: Reabsorbs ~1.5 liters of water daily, along with Na*, Cl-, and other
ions, concentrating the luminal contents.

1. Microbial Fermentation: The gut microbiota (mostly in the proximal colon) ferments
undigested carbohydrates (fiber) into short-chain fatty acids (SCFAs) like butyrate (a primary
energy source for colonocytes), acetate, and propionate. This also produces gases (flatus).

2. Vitamin Synthesis: Bacteria synthesize Vitamin K (essential for clotting) and some B

~ L

nZOm—~=-pXpdmRId

vitamins (biotin, B5, folate), which are then absorbed.
3. Feces Formation & Storage: Compacts indigestible residue, bacteria, sloughed cells, and bile

pigments (which give color) into feces. Storage occurs primarily in the descending and sigmoid

colon.
Defecation Reflex:

1. Filling: Feces move into the rectum by
mass movements, causing rectal
distension.

2. Spinal Reflex: Stretch receptors signal

Parotid

Oral cavity
salivary

: . . land
via pelvic nerves to the defecation Teeth R g
center in the sacral spinal cord (S2-S4). ;ngﬁﬁgum Submandib-

3. Involuntary Response: The reflex salivary gland M Sy

causes peristalsis in the sigmoid
colon/rectum and relaxes the internal
anal sphincter (smooth muscle,
involuntary).

4. Voluntary Control: Conscious
awareness allows the external anal
sphincter (skeletal muscle, voluntary)
to be contracted to delay defecation.
When appropriate, voluntary relaxation
of this sphincter, combined with
increased abdominal pressure (Valsalva
maneuver), allows expulsion.

ACCESSORY DIGESTIVE ORGANS

gland
Esophagus

Liver

Gallbladder

v |Duodenum
A.LIVER 2 |
. . = |Jejunum
e Largest gland; multifunctional 3
metabolic powerhouse. = Large:
e Functions: ol e
o Bile Production: 600-1000 Cecum

ml./day. Bile contains bile salts
(emulsify fats), cholesterol,
phospholipids, bile pigments
(bilirubin).

o Metabolic Regulation:

Appendix
Rectum

Anal canal

= Carbohydrates: Glycogenesis, glycogenolysis, gluconeogenesis.
= Proteins: Deamination of amino acids; urea synthesis.
= Lipids: Synthesis of cholesterol, lipoproteins (HDL, LDL).

o Detoxification: Processes drugs, alcohol, metabolic wastes.

o

Storage: Glycogen, vitamins (A, D, B12), iron.

o Synthesis: Plasma proteins (albumin, clotting factors).
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Chapter 19
Gaseous Exchange

Respiration is the integrated physiological process that encompasses the exchange of gases (oxygen, O:
and carbon dioxide, CO:) between an organism and its environment, and the subsequent intracellular
utilization of O: for aerobic metabolism to produce ATP. This fundamental process consists of four
interconnected stages, ensuring O: delivery to cells and CO: removal.

1. Pulmonary Ventilation (Breathing): The mechanical process of moving the respiratory medium
(air or water) into and out of the respiratory organs.

2. External Respiration: The diffusion of O: from the environment into the blood and CO- from
the blood into the environment across a specialized respiratory surface.

3. Transport of Respiratory Gases: The carriage of O2 from respiratory organs to tissues and CO-
from tissues to respiratory organs via the circulatory system (blood or hemolymph).

4. Internal (Cellular) Respiration: The diffusion of O: from blood into tissue cells and CO- from
cells into blood, followed by cellular respiration within mitochondria, where O: acts as the final
electron acceptor in the electron transport chain.

In single-celled organisms, gas exchange occurs directly across the cell membrane. Multicellular
organisms require specialized respiratory systems due to a decreased surface area-to-volume ratio and

the increased distance of internal cells from the environment.

Properties of Efficient Respiratory Surfaces
Efficient respiratory surfaces, where external respiration occurs, share common characteristics:
o Large Surface Area: Relative to body volume, to maximize the area for diffusion
e Minimal Thickness: Often just one cell layer thick, to minimize diffusion distance.

e Moisture: Gases must dissolve in a fluid before they can diffuse across a membrane.

e Permeability: The membrane must be readily permeable to O2 and COs..

¢ Rich Vascularization: A good blood supply (in most animals) maintains a steep partial pressure
gradient by rapidly carrying away O: and delivering COx.

o Effective Ventilation Mechanism: Ensures a constant supply of fresh, oxygen-rich medium
(air/water) to the surface, renewing the gradient.

Comparative Overview of Major Respiratory Surfaces

Structural . . Efficiency &
Nature Environment Key Adaptations Examples Constraints
Porifera,
Cnidaria, Limited by surface
Simple Thin, moist, highly | Platyhelminth area-to-volume
Body Surface integument; Aquatic / Moist vascularized skin; es, ratio; requires high
(Cutaneous) direct diffusion Terrestrial low metabolic Earthworms, environmental
across skin. demand. Amphibians | moisture to prevent
(supplementa desiccation.
ry).
Spiracles — Independent of
Tracheae — circulatory system;
Network of Tracheoles; delivers | Insects, some extremel ye f}fl'lcien‘;
Tracheal chitin-lined . air directly to cells, Myriapods, y eHhie
Terrestrial . . for small organisms;
System tubes (tracheae bypassing circulatory some .
> . supports high
& tracheoles). system; valvular Arachnids. .
! S metabolic rates (e.g.,
spiracles minimize i
ight).
water loss.
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e Vocal Folds (True Vocal Cords): Mucosal folds that vibrate as air passes through the glottis,
producing sound. Pitch is controlled by
tension (via intrinsic laryngeal muscles),
and loudness by force of air.
4. Trachea (Windpipe): A 10-12 cm rigid Nasal cavity ~_
tube descending from the larynx. -~
e Structure: Walls are reinforced by 16-20

//, Hard palate

-
Nasal vestibule ~__ e _— Posterior naris

Anterior naris =2 — Soft palate
C-shaped rings of hyaline cartilage, t T Sottpal
preventing collapse during inspiration. Pharynx
. . Epiglottis
The open posterior part is spanned by _‘___ — Laynx
the trachealis muscle (smooth muscle), Esophagus — gt |
M allowing esophageal expansion during Trachea X
SWallOWing. Bronchus :;
K e Lining: Ciliated pseudostratified
Bronchiole

columnar epithelium with goblet cells.
The mucociliary escalator mechanism ferminal - O
moves mucus laden with trapped particles
upward toward the pharynx to be
swallowed or expectorated. Right lung Left lung
5. Bronchial Tree: A series of progressively ®
branching tubes.
e Primary (Main) Bronchi: Right and left Respiratory - Alveo Pulmenary venule

bronchicle e
branches at the carina (last tracheal \ / ‘
Pulmonary

—
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cartilage). The right main bronchus is Alveolar duct
wider, shorter, and more vertical, making

aspiration more likely on this side. artery /| / o,
/ '

Pulmenary

¢ Secondary (Lobar) Bronchi: Supply vein

. »
each lung lobe (3 right, 2 left). _
. . Blood Pulmonary Capillary
o Tertiary (Segmental) Bronchi: Supply flow Terminal Alveolar arteriole network on
brenchiole sac surface of
bronchopulmonary segments. alveolus
e Bronchioles: Walls contain circular {b) c)

smooth muscle but no supporting cartilage. Bronchoconstriction and bronchodilation are
controlled by the autonomic nervous system (Parasympathetic: constrict; Sympathetic: dilate).

e Terminal Bronchioles: The smallest conducting airways (<0.5 mm diameter).

The Respiratory Zone (Site of Gas Exchange)

The region where alveoli are present. Begins where the terminal bronchioles feed into respiratory

bronchioles.

Pathway: Respiratory Bronchioles — Alveolar Ducts — Alveolar Sacs — Alveoli.

Alveoli (~300 million per lung): Cup-shaped, thin-walled sacs that constitute the primary gas

exchange surface (total surface area ~70 m?).

Alveolar Cell Types (Pneumocytes):

e Type I Pneumocytes (Squamous Alveolar Cells): Constitute ~90% of the alveolar
surface. Extremely thin (for optimal diffusion), simple squamous epithelial cells. The primary
site of gas exchange.

e Type II Pneumocytes (Septal Cells): Cuboidal cells that secrete pulmonary surfactant—a
phospholipid-protein mixture (chiefly dipalmitoylphosphatidylcholine). Surfactant reduces
surface tension within alveoli, preventing their collapse (atelectasis) and reducing the work of
breathing.

e Alveolar Macrophages (Dust Cells): Phagocytic cells that patrol the alveolar surface, engulfing
dust, bacteria, and debris.
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Respiratory System
involves
Gas Respiratory organs Ventilation Gas transport
exchange \ I
| | influenced by of
governed include R | ;—I—J
by
* Partial pressure Oxygen Carbon
of 02 & C02 dioxid
Fick's J- loxide
Law of Gills = Lungs I_I_I blood ==tissues I
Diffusion | | [ 1 as
structures are Intrapleural  vs Intrapulmonary u b Mvoalabi
found emoglobin yoglobin
External in l
gills Amphibians/ f———  Lung capacity structure ’
reptiles _— ;) b Bicarbonate
Branchial Y Tetramer
chambers Mammals r A N
Heme
'
contain . .
e e ¥ Tidal * “py 1 RV Vil Oxygen
volume capacity affini — reduced at
Alveoli &7
Total Higher
Countﬂercurrent b Vital Residual lung temperature
ow capacity volume s
C s Bohr ~—— Lower pH
utaneous | ) effect
respiration contain Bestipolats
r low J— high —"
Tz Parabronchi
Hypoventilation Hyperventilation
systems

Practice MCQs

1. What is the primary driving force for gas
exchange across respiratory surfaces?

A) Active transport

B) Osmotic pressure

C) Diffusion down partial pressure gradients
D) Facilitated diffusion

Answer: Diffusion down partial pressure
gradients

2. Which law states that the total pressure of a gas
mixture is the sum of the partial pressures of each
gas?

A) Henry's Law

B) Boyle's Law

C) Dalton's Law

D) Fick's Law

Answer: Dalton's Law

3. Fick’s Law of Diffusion rate is directly
proportional to all except:

A) Surface area

B) Diffusion distance

C) Partial pressure difference

D) Permeability constant

Answer: Diffusion distance

4. Which of the following is NOT a characteristic
of an efficient respiratory surface?

A) Dry surface

B) Large surface area

C) Thin epithelium

D) Rich blood supply

Answer: Dry surface

5. In humans, the actual site of gas exchange is
the:

A) Trachea

B) Bronchi

C) Alveoli

D) Bronchioles

Answer: Alveoli

6. Which structure prevents food from entering
the larynx during swallowing?

A) Glottis

B) Epiglottis

C) Uvula
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Chapter 20

Circulation and Transport

Biological transport refers to the movement of materials (nutrients, gases, wastes, hormones) within an
organism, essential for maintaining homeostasis in multicellular life forms. In very small or simple
organisms (e.g., protozoans, sponges, hydra), diffusion across the cell membrane or via a gastrovascular
cavity suffices. As body size and complexity increase, the time for diffusion becomes prohibitively long
(increasing with the square of the distance), necessitating specialized circulatory systems. These systems
overcome diffusion limitations, ensuring rapid, directed delivery and removal of substances.

Circulatory System

)

i 0

can be p—

Open 1 Closed G
K : 4 ! ; 5

moves v N — can affect = o
Vertebrate blood — eriebrate Cardiac cycle B Blood pressure ¢

| through circulatory system | °

functions J includes Systole BP=CO xR :

— found in 1
_ f—s- Heartheat Systolic ”
= Transportation ~ - Contraction | fejnvolves :
. propels blood Diastolic
have through ’ Q
| Regulation Diastole _l Hypertension
Linear heart Gills Heart & Relaxati H
. bod elaxation

|— Protection W — reg(g‘ared =+ Hormones H

Amphibians & Y ”

reptiles Electrical :

—» Clotting contains halve condll.lctmn quodl 17}

EoEve — vessel

recorded as structure Arteries t

; 1 Pulmonary Systemic QRS o

Blood circulation circulation ECG complex Capillaries H
Platelets -

plasma
Mammals & T wave Veins
Blood ; i
e birds l———— Cardiac output
| Lymphatic
—affects =»
have a
’_l_' * undergoes l system
Red blood Four-chambered ‘ .
Lenisarmgies ed bloo I CO = SV x HR elevated Cardiovascular
cells heart — linked to ™ disease

TYPES OF CIRCULATORY SYSTEMS
Based on architectural plan, circulatory systems are classified into two primary types.
OPEN CIRCULATORY SYSTEM
e Definition: The circulatory fluid, called hemolymph, is not always enclosed within vessels. It is
pumped by a heart into open spaces or sinuses called the hemocoel, where it directly bathes
tissues.
e Pathway: Heart — Arteries — Open Hemocoel/Sinuses — Tissues — Returns to heart via
openings (ostia).
e Characteristics:
o Low-pressure system.
o Hemolymph is a mixture of blood and interstitial fluid; no separation.
o Exchange occurs directly between hemolymph and cells.
o Less efficient for rapid, targeted transport; suitable for animals with lower metabolic
rates.
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Arteries Away Thickest Tunica Media (elastic | Narrow High-pressure, rapid
from fibers & smooth muscle). 3 (relative to (except distribution. Elastic
heart Tunics: Intima, Media, Externa. | wall). SL Recoil maintains pressure

valves). (Windkessel effect).

Arterioles From Muscular, with less elastin. Small. No. Primary regulators of
arteries | Thick tunica media relative to peripheral
to lumen. resistance. Control flow
capillari via vasoconstriction/dila
es tion.

Capillaries | Connect | Single layer of endothelial Microscopic | No. Site of
arteriole | cells + basement membrane. (~8 pm). exchange (diffusion,

s to filtration). Huge total
venules cross-sectional area.

Venules From Very thin, minimal muscle. Small. Few/Non | Collect blood from
capillari e. capillaries.
es to
veins

Veins Toward | Thin walls, less Large Yes (prev | Low-pressure reservoirs
heart muscle/elastic; Thickest Tunica | (relative to ent (~65% of blood volume).

Externa. wall). backflow) | Rely on skeletal muscle
. pump, respiratory
pump, and valves for
return.

Endothelium

Elastic layer

Smooth muscle

Connective tissue

Capillary

Capillary

Fenestrated
capillary

Sinusoid

Specialized Structures & Regulation:

e Precapillary Sphincters: Rings of smooth muscle at capillary entrances. Regulate flow into
specific capillary beds via vasomotion based on tissue metabolic needs.

e Velocity of Blood Flow: Inversely proportional to total cross-sectional area. Fastest in aorta —
slows in arterioles — slowest in capillaries (<1 mm/sec, ideal for exchange) — speeds up in
veins.

Capillary Dynamics (Starling Forces):
Exchange occurs via diffusion (gases, lipids), transcytosis (large molecules), and bulk flow (fluid).

e Forces: Hydrostatic Pressure (HP, pushes fluid out) vs. Colloid Osmotic Pressure (COP, due
to plasma proteins, pulls fluid in).

e Arterial End: HP > COP — Net Filtration of fluid into interstitium.

¢ Venous End: COP > HP — Net Reabsorption of fluid back into capillary.
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Chapter 21

Homeostasis

Homeostasis is the maintenance of a stable internal environment within a narrow, optimal range despite
fluctuations in the external environment. It is a dynamic equilibrium achieved through self-regulating
mechanisms, essential for optimal enzyme function and cellular metabolism. The concept was pioneered
by Claude Bernard and later named by Walter B. Cannon.

Core Principles & Significance

e Dynamic Constancy: It is not a static, fixed state but a condition maintained within a specific,
optimal range through continuous adjustments.

¢ Universal Phenomenon: Observed in all living organisms, from unicellular entities to complex
animals.

¢ Evolutionary Adaptation: Enables functional independence from the external environment,
allowing colonization of diverse habitats.

o Efficiency: Biochemical reactions and physiological processes function with maximum
efficiency within narrow homeostatic ranges.

Components of a Homeostatic Control System
Homeostatic regulation operates via a feedback loop with three integrated components:

e Receptor (Sensor): Specialized structures (e.g., nerve endings, specialized cells like
thermoreceptors, osmoreceptors, chemoreceptors) that detect changes (stimuli) in a specific
physiological variable and send input to the control center.

e Control Center (Integrator): Typically, a region of the brain (often the hypothalamus) or an
endocrine gland. It receives input, compares it to the set point (desired value), and determines the
appropriate corrective response. It then sends output instructions to the effector.

e Effector: An organ (muscle or gland) that carries out the corrective response directed by the
control center, thereby influencing the regulated variable and moving it back toward the set point.

Feedback Mechanisms

e Negative Feedback: The most common homeostatic mechanism. The effector's
response counteracts or negates the original stimulus, reversing the change and shutting off the
response loop. This stabilizes the system.

o Process: Stimulus — Receptor — Control Center — Effector (Response reduces
stimulus) — Homeostasis restored.
o Examples:
*= Thermoregulation: Shivering in cold, sweating in heat.
= Blood Glucose Regulation: Insulin lowers high blood glucose; glucagon raises
low blood glucose.
= Baroreceptor Reflex: Adjusts heart rate and vessel diameter to maintain blood
pressure.
= Renin-Angiotensin-Aldosterone System (RAAS): Raises low blood
pressure/volume.

o Positive Feedback: The effector's response amplifies or reinforces the original stimulus, driving

the variable further from its set point to complete a specific event rapidly. Less common.
o Process: Stimulus initiates process — Response intensifies stimulus — Cycle continues
until endpoint/climax.
o Examples:
= Blood Clotting: Platelet aggregation releases chemicals that attract more
platelets, enlarging the clot.
»  Childbirth (Parturition): Fetal head pressure on cervix — oxytocin release —
stronger contractions — more pressure.
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epithelium, permeable to
water. Ascending Limb: Thin
segment (simple squamous)
and Thick segment (cuboidal,
impermeable to water, active
transport).

medulla). Ascending Limb: NaCl reabsorption. Thin:
Passive diffusion of NaCl out. Thick: Active transport of
Na*, K*, 2Cl” via NKCC2 symporter (furosemide target).
Impermeable to water.

* Distal Shorter, less convoluted than
Convoluted PCT. Cuboidal cells with
Tubule (DCT) | sparse microvilli. Contains

receptors for hormones.

Fine-Tuning & Conditional

Reabsorption/Secretion. Reabsorption: NaCl (via Na*-Cl~
symporter, thiazide diuretic target), Ca*" (regulated by
Parathyroid Hormone). Secretion: K* (regulated by
Aldosterone), H*, NH.".

* Collecting

Passes through cortex and

Final Regulation of Urine Composition & Volume. Water

Duct (CD) medulla. Two cell Reabsorption: Regulated by ADH (inserts aquaporin-2
types: Principal cells (receptors | channels). Na* Reabsorption & K* Secretion: Regulated
for Aldosterone & ADH; handle | by Aldosterone. Urea Recycling: In presence of ADH, urea
Na*, K*, water) diffuses out in inner medulla, contributing to osmotic
and Intercalated cells (a: gradient. Acid-Base Secretion: Via intercalated cells.
secrete H'; B: secrete HCO;").

Types of Nephrons:

Cortical Nephrons (~85%): Renal
corpuscle in outer cortex. Have short
loops of Henle that barely dip into
medulla. Peritubular

capillaries only. Primarily involved in
excretory functions and solute
reabsorption under normal conditions.
Juxtamedullary Nephrons

(~15%): Renal corpuscle near cortex-
medulla junction. Have very long
loops of Henle extending deep into
medulla. Associated with vasa

recta capillaries. Essential for
establishing the hypertonic
medullary gradient and producing
concentrated urine.

Juxtaglomerular Apparatus (JGA)

A specialized region where the afferent
arteriole, efferent arteriole, and distal
convoluted tubule are in close contact. It
contains:

Juxtaglomerular (JG) Cells: Modified smooth muscle cells in afferent arteriole wall that secrete

the enzyme renin.

Glomerular capsule

Afferent tubule

arteriole

Proximal
convoluted tubule

junction
Interlobular - =
artery

Venule

Interlobular |
|
vein

Loop of
the nephron

Peritubular
capillary
network

Urine flows into renal pelvis

Macula Densa: Tall, closely packed cells in the wall of the DCT that sense NaCl

concentration in tubular fluid.

The JGA is a key sensor for the Renin-Angiotensin-Aldosterone System (RAAS).
Blood Circulation in the Nephron
Renal Artery — Segmental A. — Interlobar A. — Arcuate A. — Interlobular A. — Afferent

Arteriole — Glomerulus (1st Capillary Bed, High Pressure for filtration) — Efferent

Arteriole — Peritubular Capillaries (2nd Capillary Bed, Low Pressure, surround PCT & DCT for
reabsorption/secretion) AND/OR Vasa Recta (specialized peritubular capillaries forming hairpin loops
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Urinary System
Solute Nitrogenous evolved Mammalian Hormonal
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4
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Osmolarity — toxic —-  Ammonia > Antidiuretic hormene
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determines — Bony fishes Blood k.
} volume °
. Amphibian REREED I
Tonicity B tadpoles ) | Water
functions includes reabsorption by (]
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| water Urea Bowman’s capsule l E
Osmoconformers soluble Renin— (¢~)
I Prosximal —— Aldosterone ——— angiotensin ()
are in — Mammals convoluted tubule ~ EEST 7}
| S
Adult
Osmotic amphibians Loop of Henle  <— Sodium & water 7))
P equilibrium reabsorption i @
t Distal convoluted 2
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I Water l
exhibit — Birdls = Reabsorption Sodium & water
t Salutes excretion
Osmeotic control
L Secretion e Waste & toxins

Osmoregulation is the active regulation of the osmotic pressure (water and solute concentration) of

body fluids to maintain homeostasis.
Fundamental Concepts

¢ Osmolarity: Total solute concentration per liter of solution (mOsm/L). Determines the direction

of osmotic water flow.

e Tonicity: Describes the effect of a solution on cell volume. Depends on the concentration of non-

penetrating solutes.

o Hypertonic: Higher solute concentration than cell cytoplasm — Water leaves cell —

Cell crenates (shrinks).

o Hypotonic: Lower solute concentration — Water enters cell — Cell swells,

may lyse (burst).

o Isotonic: Equal solute concentration — No net water movement, cell volume stable.

Osmoregulatory Strategies: Conformers vs. Regulators

Strategy Definition | Relation to Examples Ecological
Environment Implication
Osmoconformers Body fluid | Isosmotic/Isotonic. No Low. No Most marine Restricted to
osmolarity ¢ | net osmotic gradient. energy invertebrates (cra | stable salinity
onforms spent on bs, jellyfish, environments
to (matches overall starfish), Hagfish | (e.g., open
) that of the osmolarity | (only vertebrate ocean).
adjustment | osmoconformer).
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Chapter 22

Support and Movement

Support and movement are fundamental characteristics of animals, enabled by specialized organ systems.
In complex animals, particularly chordates, this involves an integrated system of bones, cartilage, joints,
and skeletal muscles. These structures work together to provide a rigid framework, protect organs,
facilitate movement through leverage, produce blood cells, and store minerals.

The evolution of robust support systems became critical with increases in body size and the transition
from water to land. The scientific study of bones is called osteology, and the study of muscles

is myology.

THE SKELETAL SYSTEM

Functions of the Skeletal System
1. Support: Provides a rigid framework that maintains body shape and supports the weight of
tissues.
2. Protection: Encloses and shields vital organs (e.g., skull protects the brain, rib cage protects the
heart and lungs).
Movement: Acts as levers that are pulled by skeletal muscles to produce movement at joints.
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P 4. Mineral Storage: Serves as a reservoir for calcium and phosphorus, which can be released into
the bloodstream as needed. Also stores sodium and potassium.
R 5. Blood Cell Production (Hemopoiesis): Red bone marrow within certain bones produces
erythrocytes, leukocytes, and platelets.
E 6. Energy Storage: Yellow bone marrow primarily consists of adipose (fat) cells, which store
energy.
P Musculoskeletal System
Skeletal Bone Joints Muscle contraction
A systems I | 1
| types involves results from stimulated by
R types some exhibit undergoes |, Ball-and- ¥ l’
ket ol
> Hydrostatic + " solc < Muscle ?Ildlng Motor
Long bone Development produces organization filament neurons
L r S Universal ' mechanism 1
A maintained bJ." movement includes I release
’ includes ¥ }
Intramembranous . Myofilaments
Water — Epiphysis development Hinge Muscle r ACh
pressure joint fiber thin thick
1
Exoskel — Diaphysis Endochondral produces  Forward/ conrlams * cause
I |—- Exoskeleton ™ development L— backward Actin Myosin
1 movement ¥
composed of Spongy Myofibrils
\d bone N Bone Gliding I required for
O Chitin remodeling joint composed of 1 Depolarization
c a0 - PO: Cross-bridge
L Sooee T T — oo |
N Endoskel movement MEilimenis | Iagers
L En osle eton . es I needs release of
ized int L
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. Spongy (Cancellous) Bone: A network of bony spines and plates called trabeculae. Spaces between
trabeculae are filled with bone marrow.
* Trabeculae align along lines of mechanical stress to provide strength with minimal weight.
* No osteons are present.

Artericle Venule Nerve
s

External circumferential lamellae

Central canal / Concentric

Central canal lamallas

rl%\Trab@culae

Canaliculi

Osteocyte
Spongy bone
Blood vessels Compact bone D Osteccyte with lacuna
B Section of bone

Types of Bone Cells and Their Functions

Cell Type Location Primary Function
Osteoprogenitor | MesenciizEREtEm Perioste gyl Stem cells that differentiate into osteoblasts.
Cells cells Endosteum
OsteoltOBEior Bone-forming cells. Synthesize and secrete the
Osteoblasts Eell% Bone surfaces organic bone matrix (osteoid) and initiate its
mineralization.
Lacunae within | Mature bone cells. Maintain bone tissue, sense
Osteoblasts trapped . . . . .
Osteocytes . . mineralized mechanical stress, regulate mineral homeostasis
1n matrix . . . . ..
matrix (calcium release), and communicate via canaliculi.
. Bone-resorbing cells. Large, multinucleated cells
Fusion of . . .
Bone surfaces that secrete acids (to dissolve minerals) and
monocytes N 1 N
Osteoclasts (Howship's enzymes (to digest matrix) in a process
(macrophage . . .
. lacunae) called osteolysis. Crucial for bone remodeling,
lineage) .
growth, and calcium release.

Bone Development (Osteogenesis/Ossification)
Bone forms through two distinct processes:
1. Intramembranous Ossification: Bone develops directly within sheets of mesenchymal
connective tissue.

o Process: Mesenchymal cells — Osteoblasts — Osteoid — Mineralization — Trabeculae
of woven bone — Remodeling into compact bone plates.

o Examples: Flat bones of the skull (frontal, parietal), mandible, clavicles, and dermal
bones.

2. Endochondral Ossification: Bone replaces a pre-existing hyaline cartilage model.

o Process: Cartilage model forms — Periosteal bone collar develops — Cartilage calcifies
and deteriorates — Periosteal bud invades — Primary ossification center forms in
diaphysis — Secondary ossification centers form in epiphyses — Growth continues at
the epiphyseal (growth) plate until adulthood.

o Examples: All long bones and most of the skeleton.
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e Sarcomere: Functional Unit of Contraction

The sarcomere is the region of a myofibril between two successive Z discs (Z lines).

e 7 disc: Protein sheet that anchors the thin filaments.
e I band: Light region containing only thin filaments.

e A band: Dark region spanning the entire length of the thick filaments (and overlapping thin

filaments).

e H zone: Lighter region in the center of the A band where only thick filaments are present (no

overlap).

e M line: Middle of the sarcomere; holds adjacent thick filaments together.

Mechanism of Skeletal Muscle Contraction: Sliding Filament Theory
During contraction, thin filaments slide past thick filaments, increasing their overlap. The filaments

themselves do not shorten. The sarcomere shortens.
Steps of Contraction & Relaxation:
1. Excitation (at Neuromuscular Junction):

o Nerve action potential — release of acetylcholine (ACh) — ACh binds receptors on
sarcolemma — depolarization (end-plate potential) — muscle action potential.

2. Excitation-Contraction Coupling:

o Action potential travels along sarcolemma and down T-tubules — triggers SR to release

Ca?" into sarcoplasm.
3. Cross-Bridge Cycling (Contraction):

o Ca? binds to troponin (TnC) — conformational change — tropomyosin moves,

exposing myosin-binding sites on actin.

o Cross-Bridge Formation: Energized myosin head (with ADP + Pi) binds to exposed

actin site.
Excitation-contraction A -
coupling in vertebrate skeletal muscle. _)II|| Action potential
T-tubule Y
- =— . ¥
Sarcoplasmic /' 7
reticulum }/ el — A— e -

A

Sarcolemma —l; g

Myofibril

Step 1: An action potential spreads
along the sarcolemma and is
conducted inward to the
sarcoplasmic reticulum by way of
T-tubules. Calcium ions are released
from the sarcoplasmic reticulum and
diffuse rapidly into the myofibrils,

The cycle can now binding to troponin molecules on the

repeat as long as
calcium is present to

actin filament. Troponin and
tropomyosin molecules move away

. - from the active sites.
expose active sites on

the actin molecules.

Step 5: The myosin w
head splits ATP,
retaining the
enargy
released as
well as the ADP
and the phosphata
group and the myosin

heads move back to
their ready position.

Troponin and trepomyosin
mowve off active site

Step 2: Myosin

forms cross
bridges as it
binds to the
exposed active
sites.

Step 4: The myosin
head binds z

ancther ATP
molecule; this
frees the
myosin head
from the active
site on actin.

Step 3: Using the
energy stored as ATP,
the myosin head
swings toward

the center of the
sarcomere and actin
moves with it ADP and
a phosphate group (Pj)
are released.
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Chapter 23
Nervous & Sensory System

The nervous system is a specialized, rapid communication network that uses electrochemical signals
(nerve impulses). It allows animals to detect, process, and respond to changes in their internal and
external environments. It works in tandem with the endocrine system (which uses hormones) to
maintain homeostasis. The study of the nervous system is called neurology.
Nervous coordination involves three fundamental steps:

1. Reception: Detection of a stimulus by sensory receptors.

2. Processing/Integration: Analysis and interpretation of the sensory information within the

Central Nervous System (CNS).

3. Response: Execution of a motor command by effectors (muscles or glands).
Sensory Receptors: Biological Transducers
A transducer converts energy from one form to another. Sensory receptors are specialized cells or
neurons that act as biological transducers.

e Function: They detect specific stimuli (e.g., light, pressure, chemicals) and convert this stimulus

energy into an electrochemical signal (a receptor or generator potential) within a sensory neuron.

e Organization: Receptors can be clustered to form complex sense organs (e.g., eye, ear) or
scattered individually (e.g., in skin, viscera).

Cells of the Nervous System
Neurons (Nerve Cells)
Neurons are the excitable, signaling units of the nervous system, specialized for generating, conducting,
and transmitting nerve impulses (action potentials).
Structure of a Typical Multipolar Neuron:
e Cell Body (Soma): Contains the nucleus and
organelles. Nissl's granules (clusters of

ribosomes and rough ER) are present for high Cell body (G
. . . c Dendrites -

levels of protein synthesis. It is the metabolic N

and biosynthetic center. Nucleus

e Dendrites: Short, branched, tapering
extensions. They are the primary receptive
sites, receiving signals from other neurons or Schwann

Axon

cell —
receptors and conducting them toward the cell 2 Nodo of
b 0 dy 4 Ranvier
e Axon: A single, long, cylindrical extension of a5

constant diameter.

o Axolemma: The plasma membrane of
the axon.

o Axoplasm: The cytoplasm within the
axon.

o Axon Hillock: Cone-shaped region where the axon originates; the site of action
potential initiation (integrates signals from dendrites/soma).

o Axon Terminals (Synaptic Knobs/Boutons): Branched endings containing synaptic
vesicles filled with neurotransmitters.

o Myelin Sheath: An insulating, fatty layer formed by glial cells (Schwann cells in PNS,
oligodendrocytes in CNS) around many axons. It increases conduction speed
via saltatory conduction.

o Nodes of Ranvier: Regular gaps in the myelin sheath where the axolemma is exposed;
crucial for saltatory conduction.
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“lassification of Neurons
A. Based on Function & Direction of Impulse:

Dendrites
Axon

Direction of

Motor Neurons conduction

Neuron Type Direction = Function Location & Typical Structure
of Impulse
Sensory (Afferent) Toward Transmit sensory Cell body located in a dorsal root
CNS information from ganglion (PNS).
receptors to the CNS. | Usually unipolar/pseudounipolar.
Motor (Efferent) Away Carry motor Cell body within the CNS (spinal cord or
from CNS | commands from the | brain). Typically multipolar. N
to CNS to muscles or SJ)
Effectors | glands.
M Interneuron Within Connect sensory and | Entirely within the CNS. Highly branched, z
(Association/Relay) | CNS motor neurons; usually multipolar. e
K process, integrate, <
and relay =
information. g
Essential for reflexes,

: &
learning, and =1
memory. (=

Peripheral Nervous System Central Nervous System m
Sensory Neurons Interneurons w
Dendrites :
r 72}
Cell body O

Direction of
conduction Axon m
<
7}
-
=

Axon
terminals

Skeletal

muscle Direction of

conduction

Cell body
B. Based on Structure (Number of Processes):
e  Multipolar: One axon and many dendrites (e.g., motor neurons, interneurons). Most common
type.
e Bipolar: One axon and one dendrite (e.g., retinal cells, olfactory epithelium).
¢ Unipolar/Pseudounipolar: A single process that divides into two branches (e.g., sensory neurons
in dorsal root ganglia).
¢ Anaxonic: No clear axon (e.g., some interneurons in the brain).
Neuroglia (Glial Cells)
Neuroglia are non-excitable, supportive cells that are essential for normal neuron function.
They outnumber neurons.

nZO—~—-p» AP UMmMmAT
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Cell Type
Astrocytes

Primary Location

CNS (most abundant)

Key Functions

1. Maintain the Blood-Brain Barrier (BBB).

2. Regulate extracellular ion & neurotransmitter
concentrations.

3. Provide metabolic & structural support.

4. Some can act as neural stem cells.

Oligodendrocytes

CNS

Form the myelin sheath around multiple axons in the
CNS.

Microglia

CNS

Phagocytic cells; resident macrophages of the CNS;
remove debris, pathogens, and damaged cells.

Ependymal Cells

CNS (line ventricles &
central canal)

Ciliated cells that produce and circulate Cerebrospinal
Fluid (CSF).

Schwann Cells

PNS

Form the myelin sheath around a single segment of one
PNS axon. Aid in axonal regeneration after injury.

Satellite Cells

PNS (surround neuron
cell bodies in ganglia)

Provide structural support and regulate nutrient/waste
exchange for neuronal cell bodies.

Central Nervous System

Peripheral
Nervous System

Ependymal cells

Oligodendrocytes

Satellite cells

-

Schwann cells

Myelination and Conduction Speed
e Myelinated Axons: Conduct impulses very rapidly (up to 120 m/s in humans) via saltatory
conduction. The action potential "jumps" between Nodes of Ranvier. This is energy-efficient.
e Non-myelinated Axons: Conduct impulses slowly (1-3 m/s) via continuous (wave-like)
depolarization along the entire axon membrane.
e Disorders: Demyelinating diseases (e.g., Multiple Sclerosis) disrupt saltatory conduction,
leading to impaired nerve function, muscle weakness, and fatigue.
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Neural Signaling: The Nerve Impulse Na: K © Na
Resting Membrane Potential (RMP) === 1 ==== } sorir e —R— i b
The Resting Membrane Potential (RMP) is the voltage ( Negative organic fons H}, i
difference across the membrane of a non-conducting neuron, ., ... = :--‘—T----‘-:-T-‘—];-—‘-—‘--‘---‘—-—‘—1—7?-?—::—1
typically -70 mV (inside negative relative to outside). e Na* K K
Factors Establishing the RMP: i
1. Sodium-Potassium Pump (Na+/K+ bbb T (el [ <ty
ATPase): Actively transports 3 Na+outand2 K+ [ I \
in per ATP. Creates ionic gradients: High Na+ ( ______ S H Extitod Avor
outside, High K+ inside. e o o\ Depoiarised
2. Differential Membrane Permeability: At rest, the ®)
membrane is ~50-100x more permeable to K+ (due K* Na*  Na K-

applied

to leak channels) than to Na+. K+ diffuses out down ( = _E} = i == _l__ = ]_- ’_'_@ woked

~ L

its concentration gradient, leaving behind fixed o —

intracellular anions (proteins, phosphates), making l~_ . Wi ‘]‘ e

the interior negative. Dopoinised — K+ Na+  Na® K

3. Large Intracellular Anions: Trapped negatively ©

charged molecules inside the cell contribute to the

internal negativity.
Action Potential (Nerve Impulse)
An Action Potential (AP) is a rapid, all-or-none reversal of membrane potential (from -70 mV to ~+30
mV) that serves as a long-distance signal.

Mechanism (Stepwise):
Phase Key Event Ionic Membrane Potential
Movement Change
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1. Resting State All voltage-gated channels - -70 mV (Polarized)
closed.
2. Depolarization Threshold stimulus (= -55 Na+ rushes Rises rapidly from -70
(Rising Phase) mV) opens voltage-gated Na+ | INTO the axon. | mV to +30 mV.
channels.
3. Repolarization Na+ channels inactivate. K+ rushes Falls from +30 mV back
(Falling Phase) Voltage-gated K+ channels OUT of the toward -70 mV.
open. axon.
4. Hyperpolarization K+ channels close slowly; — Briefly dips below RMP
(After- excess K+ has exited. (e.g., to -80 mV).
hyperpolarization)
5. Refractory Period & | Na+/K+ pump restores Na+ pumped Returns to stable RMP (-
Recovery original ionic distribution. out, K+ 70 mV).
pumped in.

Properties of Action Potentials:
e All-or-None Law: An AP fires fully only if the threshold is reached; sub-threshold stimuli
produce no AP.
o Refractory Periods: Ensure one-way propagation and limit firing frequency.
o Absolute Refractory Period: No new AP can be initiated (Na+ channels are
inactivated).
o Relative Refractory Period: A stronger-than-normal stimulus is required to initiate an
AP (some K+ channels still open, membrane is hyperpolarized).
e Self-regenerating: The signal does not degrade over distance as it is actively regenerated along
the axon.

nZO—~—-p» AP UMmMmAT
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Factors Affecting Conduction Velocity:
¢ Increased by: 1) Myelination (saltatory conduction), 2) Larger axon diameter (less internal
resistance).
e Saltatory Conduction: In myelinated axons, depolarization spreads rapidly under the myelin
sheath, and the AP is regenerated only at the Nodes of Ranvier. This is faster and more energy-
efficient than continuous conduction.

2. Rising Phase 3. Top of Curve
Stimulus causes threshold to be released Maximum wvoltage reached
2 «':
/\ 4 K i G
B Nat -
’\a*channel "la‘* channel
activation gate opens = inactivation gate
@ closes

+35

Depolarization — |—Repolarization
Action

E Threshold potential

- | N S SN W

g e S ==
““Resting membrane Hyperpolarization

1. Resting Phase potential 4. Falling and Undershoot Phases
Equilibrium between diffusion of K+ out Time —s— Undershoot occurs as excess K+
of cell and voltage pulling K¥ into cell diffuses out before Kt channel closes
- o - ™ A K* gate open
a o 4  \oltage-gated = K* channel < >
- - - K+ channel o gate closes
" e N e
m]‘f wﬂ{j ' f \ Equilibrium __/ MW&!&QX(
L » I b restored
K+ channel Voltage-gated Nat Na* channel ,n;({:vgngzn‘;;te

channel activation gate closes. = 4 closed
Inactivation gate opens.
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Synapses and Synaptic Transmission
A synapse is a specialized junction where a neuron communicates with a target cell (another neuron,
muscle fiber, or gland).
Structure of a Chemical Synapse
e Presynaptic Neuron: Neuron sending the signal; has synaptic knobs containing synaptic
vesicles with neurotransmitter.
o Synaptic Cleft: A narrow extracellular gap (~20-50 nm).
e Postsynaptic Membrane: Contains specific receptor proteins for the neurotransmitter.
Mechanism of Chemical Synaptic Transmission
1. AP Arrival: Action potential reaches the presynaptic terminal.
2. Calcium Influx: Depolarization opens voltage-gated Ca2+ channels; Ca2+ flows into the
terminal.
3. Exocytosis: Elevated Ca2+ causes synaptic vesicles to fuse with the presynaptic membrane,
releasing neurotransmitter into the cleft.
4. Diffusion & Binding: Neurotransmitter diffuses across the cleft and binds to ligand-gated
receptors on the postsynaptic membrane.
5. Postsynaptic Potential: Receptor binding opens ion channels, causing a local, graded change in
potential.
o [Excitatory Postsynaptic Potential (EPSP): Depolarization (e.g., from Na+ influx).
Brings membrane closer to threshold.
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o Inhibitory Postsynaptic Potential (IPSP): Hyperpolarization (e.g., from CI- influx or
K+ efflux). Moves membrane away from threshold.
6. Termination of Signal: Neurotransmitter action is stopped by: enzymatic degradation (e.g.,
ACh by acetylcholinesterase), reuptake into presynaptic neuron/glia, or diffusion away.
Synaptic Integration: Summation
A postsynaptic neuron integrates thousands of simultaneous EPSPs and IPSPs.
e Temporal Summation: Multiple EPSPs from a single, rapidly firing presynaptic neuron sum
together over time.
e Spatial Summation: Multiple EPSPs from different presynaptic neurons sum together at the
same time.
The net potential change at the axon hillock determines if the threshold is reached for AP
generation.

~ L

y
Presynaptic cell
otor neuron)

_—Myelin

dAﬁer synaptic transmission,
acetylcholine and vesicles
are recycled.

'i An action potential arrives and L::
L initiates synaptic transmission.

| Action
R} potential
\

Depolarization of the terminal
membrane causes voltage-
gated Ca?* channels to open.

[§ Ca®* enters the cell and
triggers fusion of acetyl-
choline vesicles with the
|_presynaptic membrane.
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¢ choline

Fary

. 3
Axon terminal ¢ »
.

; %
Acﬁon./ X\, Acetylcholin- |
potential \ terte /
. /
Acetylcholine molecules 1 V4
diffuse across the synaptic e \ f
e

cleft and bind to receptors on
the postsynaptic membrane.

Postsynaptic cell

I Acetylcholine in th tic cleft
Acetylcholine S apHo SEAEH R cetylcholine in the synaptic cle

Activated receptors open chemically
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gated Na* channels and depolarize the is broken down by the enzyme
T T e receptors cleft acetylcholinesterase and the
depolarization fires an action potential components are taken back up by
in the postsynaptic membrane. | the presynaptic cell for resynthesis. |
Major Classes of Neurotransmitters
Class Examples Primary Role / Effect Key Notes \
Acetylcholine Acetylcholine Excitatory at neuromuscular junctions; Degraded
(ACh) inhibitory in the heart. Major PNS by acetylcholinesterase
neurotransmitter. (AChE). Botulinum toxin
blocks its release; nerve
gases inhibit AChE.
Biogenic Dopamine, Mood, sleep, attention, learning, arousal. | Implicated in depression,
Amines Serotonin, schizophrenia, Parkinson's.
Norepinephrine, Many antidepressants (e.g.,
Epinephrine SSRIs) target these.
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Amino Acids Glutamate Major excitatory neurotransmitter in Key in learning/memory via
CNS. NMDA and AMPA
receptors.
GABA (y- Major inhibitory neurotransmitter in Anti-anxiety drugs (e.g.,
aminobutyric acid) | brain. benzodiazepines) enhance
GABA action.
Glycine Inhibitory (mainly in spinal cord). —
Neuropeptides | Endorphins, Modulate pain perception; endorphins Opiates (morphine, heroin)
Enkephalins, act as natural analgesics. mimic endorphins.
Substance P Substance P is involved in
pain transmission.
Gases Nitric Oxide (NO) | Acts as a retrograde messenger; causes Synthesized on demand; not
vasodilation. stored in vesicles. Viagra
prolongs NO effect.

Organization of the Human Nervous System
Central Nervous System (CNS)
The CNS (brain & spinal cord) is the integrating and command center. It interprets sensory input,
dictates motor responses, and is the seat of cognition, emotion, and consciousness.
e Protection: Bone (skull, vertebrae), Meninges (dura mater, arachnoid mater, pia mater), and
Cerebrospinal Fluid (CSF).
o Meninges Detail: The dura mater is the tough outer layer. The arachnoid mater is a
web-like middle layer where CSF circulates in the subarachnoid space. The pia
mater is a delicate layer adhering directly to the brain and spinal cord.
o CSF System: CSF is produced by the choroid plexus in the brain's ventricles. It cushions
the CNS, provides buoyancy, and transports nutrients/wastes. It flows through ventricles
and the central canal before being reabsorbed into the venous bloodstream.

The Brain

A. Forebrain (Prosencephalon)
e Cerebrum: Largest part. Two cerebral hemispheres connected by the corpus callosum (a wide
band of white matter axons for interhemisphere communication).
o Cerebral Cortex: Outer layer of gray matter (neuron cell bodies). The gyri (folds)
and sulci (grooves) increase surface area. Deep sulci are called fissures.
* Lobes & Functions:

=  Frontal: Executive functions (judgment, impulse control), planning,
speech production (Broca's area—typically left hemisphere), voluntary
movement (primary motor cortex in the precentral gyrus).

= Parietal: Processes somatic sensation (primary somatosensory
cortex in the postcentral gyrus—touch, pain, temperature,
proprioception). Integrates sensory information for spatial awareness and
navigation.

= Temporal: Auditory processing (primary auditory cortex), memory
formation (hippocampus is deep within), language comprehension
(Wernicke's area—typically left hemisphere).

= Occipital: Visual processing (primary visual cortex). Damage here can
cause cortical blindness.

= Cortical Areas: Beyond primary areas, there are vast association areas that
integrate information for complex functions like perception, learning, and
thought.
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e Basal Nuclei (Ganglia): Deep clusters of gray matter (e.g., caudate nucleus, putamen, globus
pallidus). Crucial for planning and modulating movement (inhibit unwanted movements), habit
formation, and reward learning. Dysfunction is linked to Parkinson's and Huntington's diseases.

e Thalamus: Paired, egg-shaped structure. The "gateway to the cortex." It receives, filters, and
relays all sensory input (except smell) to the appropriate cortical area. Also involved in regulating
consciousness, sleep, and alertness.

e Hypothalamus: Master regulator of homeostasis. Sits below the thalamus. Key roles:

o Autonomic Control Center: Influences heart rate, digestion, etc.

Endocrine Control: Regulates the pituitary gland via releasing/inhibiting hormones.

Limbic System Interface: Governs emotional responses.

Body Regulation: Sets body temperature, hunger/thirst, and sleep-wake cycles

(circadian rhythms via the suprachiasmatic nucleus).

e Limbic System: The emotional-visceral brain. A ring of structures on the inner border of the
cerebrum and diencephalon.

o Amygdala: Key for emotional valence (fear, aggression, pleasure) and emotional
memory.

o Hippocampus: Essential for forming new declarative memories (facts & events) and
spatial memory. Does not store long-term memories but consolidates them for storage
elsewhere in the cortex.

o Other parts: Cingulate gyrus (emotion & pain processing), fornix (major pathway),
hypothalamus.

B. Midbrain (Mesencephalon)

e Corpora Quadrigemina: Four bumps on the dorsal surface.

o Superior Colliculi: Visual reflex centers (e.g., coordinating head/eye movements toward
a stimulus).

o Inferior Colliculi: Auditory reflex centers (e.g., startle reflex to loud sound).

e Substantia Nigra: A darkly pigmented area containing neurons that produce dopamine.
Degeneration here causes Parkinson's disease. Part of the basal nuclei circuit.

¢ Cerebral Peduncles: Large bundles of descending motor tracts carrying signals from the
cerebrum to the pons, medulla, and spinal cord.

¢ Reticular Formation (extends through brainstem): A diffuse network of nuclei
regulating consciousness (Reticular Activating System - RAS), sleep-wake transitions, and
arousal/filtering of sensory stimuli.

C. Hindbrain (Rhombencephalon)

e Cerebellum: "Little brain." Has two hemispheres with a convoluted cortex of gray matter.
Functions:

o Motor Coordination: Compares intended movement (from motor cortex) with actual
movement (sensory feedback) and makes smooth, real-time adjustments.

o Balance & Posture: Uses input from the vestibular system.

o O O

o Motor Learning: Learning and refining skills like playing an instrument or riding a bike.

e Pons: "Bridge." Connects higher brain centers to the cerebellum and medulla.
o Contains nuclei for cranial nerves V-VIIL.
o Houses pontine respiratory centers that work with the medulla to regulate breathing.
o Contains tracts and relay nuclei.
e Medulla Oblongata: Most inferior part, continuous with the spinal cord.
o Autonomic Reflex Centers: Vital for survival.
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Cardiovascular
Center: Regulates

Thalamus Pineal gland

heart rate and force of .

s . ] Parietal lobe of
contraction; ad]usts callosum cerebral cortex
blood vessel diameter Frontal lobe '— ;

of cerebral \
(blood pressure). AEES , /
= Respiratory . Latera] — Occipital
Centers: Set the basic ventricle lobe of
. cerebral
rhythm of breathing. Optic - cortex
. recess | Ak
* Other Centers: For Gpile-chiaan WA —
vomiting, coughing, Temporal r
lobe of cerebral - Cerebellum

sneezing, swallowing.
o Contains ascending and
descending nerve tracts, some
of which cross over
(decussate) here, explaining '|
why one side of the brain
controls the opposite side of the body.

The Spinal Cord

e Function: Two-way conduction e
pathway between brain and .
body (via tracts); integrating Q 2 ?w_nlums
center for spinal , ot e
reflexes (rapid, involuntary ‘ g:j::ynam \

cortex Pituitary

gland

Medulla
oblongata

~ L

Hypothalamus

responses to stimuli). Wi, ;\ synapse

™ Motor neuron — .\\\.
e Internal Structure (Cross- N / /
. Gray 5
matter o

section): & / Skeletal
| & - &

o Grey Matter (H- 1+ A
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Quadriceps
muscle

bodies, dendrites, and (affacton

Spinal cord
synapses. Reprse N
= Dorsal
(Posterior)
Horns: Interneurons that receive and process sensory input from dorsal root
ganglia.
= Ventral (Anterior) Horns: Contain cell bodies of somatic motor
neurons whose axons exit via ventral roots to control skeletal muscles.
= Lateral Horns (T1-L2 only): Contain cell bodies of autonomic (sympathetic)
motor neurons that control smooth muscle, cardiac muscle, and glands.
o White Matter (Peripheral): Contains bundles of myelinated axons organized into
columns (funiculi), which contain distinct tracts.
= Ascending (Sensory) Tracts: Carry information zo the brain (e.g., spinothalamic
tract for pain/temp, dorsal columns for fine touch/proprioception).
= Descending (Motor) Tracts: Carry commands from the brain (e.g., lateral
corticospinal tract for voluntary movement).
o Central Canal: A small channel filled with CSF, continuous with the brain's ventricles.
e Reflex Arc: The fundamental functional unit. Pathway: Sensory Receptor — Sensory
(Afferent) Neuron — Integration Center (spinal cord) — Motor (Efferent) Neuron —

nZOm—~=-pXpdmRId
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Effector Organ (muscle/gland). Example: The patellar reflex (knee-jerk) is a monosynaptic
reflex that helps maintain posture.

Peripheral Nervous System (PNS)
The PNS includes all neural structures outside the CNS: nerves, ganglia, and sensory receptors. It
serves as the communication line between the CNS and the limbs, organs, and skin.

e Structure of a Peripheral Nerve:

o Endoneurium: Delicate connective tissue surrounding each individual axon and its
myelin sheath (if present).

o Perineurium: Coarser connective tissue wrapping a fascicle (bundle of axons).

o Epineurium: A tough, fibrous sheath enclosing the entire nerve (multiple fascicles) and
its blood vessels.

e C(lassification of Nerves:

o Sensory (Afferent) Nerves: Carry information toward the CNS.

o Motor (Efferent) Nerves: Carry commands away from the CNS.

o Mixed Nerves: Contain both sensory and motor fibers (most common, ¢.g., spinal
nerves).

e Ganglia: Clusters of neuron cell bodies in the PNS.

o Sensory Ganglia: Contain cell bodies of sensory neurons. Dorsal Root Ganglia are
associated with spinal nerves. Cranial Nerve Ganglia (e.g., trigeminal ganglion) serve
the head.

o Autonomic Ganglia: Contain cell bodies of postganglionic motor neurons of the ANS.

Divisions of the PNS:
1. Sensory (Afferent) Division: Carries information from sensory receptors to the CNS. Receptors are
classified by stimulus type:
e Mechanoreceptors: Touch, pressure, vibration, stretch, hearing, balance.
Thermoreceptors: Temperature.
Photoreceptors: Light.
Chemoreceptors: Chemicals (taste, smell, blood chemistry).
Nociceptors: Pain (detect extreme mechanical, thermal, or chemical stimuli).
2. Motor (Efferent) Division: Carries commands from the CNS to effectors.
e Somatic Nervous System (SNS):

o Voluntary control of skeletal muscles.

o Uses a single neuron pathway: The cell body of the motor neuron is in the CNS (spinal
cord ventral horn or brainstem), and its axon extends directly to the muscle.

o Neurotransmitter: Acetylcholine (ACh) at the neuromuscular junction, which is
always excitatory.

¢ Autonomic Nervous System (ANS):

o Involuntary control of cardiac muscle, smooth muscle, and glands.

o Uses a two-neuron chain: A preganglionic neuron (cell body in CNS) synapses with
a postganglionic neuron (cell body in an autonomic ganglion) which then innervates the
effector.

o Dual Innervation: Most organs receive input from both sympathetic and
parasympathetic divisions, which typically have antagonistic effects, allowing for
precise control.

Autonomic Nervous System (ANS): Sympathetic vs. Parasympathetic
Sympathetic Division (""Fight-or-Flight') Parasympathetic Division ('""Rest-
and-Digest")

MK PREPARATIONS: Let’s Make It Happen
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rigin (CNS)

Thoracolumbar: Lateral gray horns of spinal cord
segments T1-L2.

NT

Craniosacral: Brainstem nuclei of CN
I, VII, IX, X and spinal cord
segments S2-S4.

Ganglion Location

Close to CNS: Paravertebral chain ganglia
(sympathetic trunk) or prevertebral ganglia (e.g.,
celiac).

Near or within Target
Organ: Terminal ganglia in the organ
wall or nearby.

Fiber Length Short preganglionic, Long postganglionic. Long preganglionic, Short
postganglionic.
Neurotransmitters | Preganglionic: ACh (nicotinic Preganglionic &
receptor). Postganglionic: Norepinephrine Postganglionic: Acetylcholine (ACh).
(NE) (alpha/beta adrenergic Preganglionic uses nicotinic receptors;
receptors). Exception: Sweat glands use ACh. postganglionic uses muscarinic
receptors.
Physiological Provides vasomotor tone (constant partial Dominates at rest; maintains heart
"Tone" constriction of blood vessels). rate, digestion, and glandular
activity at baseline.
General Effect Mobilizes body for activity ("E situations"— Conserves and restores energy.
Exercise, Excitement, Emergency, Embarrassment). | Promotes maintenance functions like
Increases alertness and metabolic output. digestion and waste elimination.
Key Effects * Heart: 1 Rate & force. » Heart: | Rate.

* Lungs: Dilates bronchi.

* Digestive: | Motility & secretion.

* Pupils: Dilation (mydriasis).

* Vessels: Constricts most; dilates skeletal muscle
vessels.

* Liver: Stimulates glucose release.

* Adrenal Medulla: Stimulates release of
epinephrine/NE.

* Lungs: Constricts bronchi.

* Digestive: T Motility & secretion.
* Pupils: Constriction (miosis).

* Bladder: Contracts smooth muscle
for urination.

* Salivary/Lacrimal

Glands: Stimulates secretion.

e The Enteric Nervous System (ENS): Often called the "second brain" or the third division of
the ANS. It is an intricate network of neurons within the walls of the digestive tract. It can
operate autonomously but is regulated by the sympathetic and parasympathetic systems.

Sympathetic

— Dilate

— Stop secretion

Spinal cord e

Sympathetic
ganglion

chain — Dilate bronchioles

Speed up heartbeat

Adrenal gland

A

e o i A

— Secrete adrenaline

_ Decrease secretion
Large intestine

— Decrease motility

— Retain colon contents

‘— Delay emptying
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Parasympathetic

i— Slow down heartbeat —|

Constrict

Secrete saliva

Constrict bronchicles—

Stomach
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Increase secretion

Increase motility
Small intestine

Empty colon
Empty bladder

Page 11 of 27

[\
*
Z
]
-
<
=
=
17,/]
&
=]
=5
N
@
=]
172!
=
5
<
)]
<
72!
P
@
=




L MK PREPARATIONS) .-

ranial Nerves

The 12 pairs of cranial nerves arise from the brainstem (except CN I & II) and primarily serve the head
and neck (except CN X).

Number Name Type Primary Function
(S/M/B)
I Olfactory Sensory Smell. Sensory neurons pass through cribriform plate to olfactory
bulbs. Test with familiar odors.
I Optic Sensory Vision. Fibers from retina form optic nerve, cross at optic chiasm.
Test with visual acuity and fields.
I Oculomotor Motor Eye movement. Innervates 4 of 6 extrinsic eye muscles (medial,
superior, inferior rectus; inferior oblique) and levator palpebrae
(opens eyelid). Also carries parasympathetic fibers to constrict
pupil and accommodate lens. Damage causes ptosis, dilated pupil,
"down & out" eye.
v Trochlear Motor Eye movement. Innervates the superior oblique muscle. Test:
"Look down and in."
A\ Trigeminal Both Major sensory nerve of face & mastication muscles. Three
divisions: V1 (Ophthalmic)-sensory to forehead; V2 (Maxillary)-
sensory to cheek; V3 (Mandibular)-sensory to jaw, motor to
chewing muscles. Test corneal reflex (sensory), clench jaw.
VI Abducens Motor Eye movement. Innervates the lateral rectus muscle, which
abducts the eye.
Vi Facial Both Motor to facial muscles (facial expression), taste from anterior
2/3 of tongue, parasympathetic to salivary/lacrimal glands. Test:
Smile, puff cheeks, identify tastes (sweet/salty).
VI Vestibulocochlear | Sensory Hearing & Balance. Two
branches: Cochlear (hearing); Vestibular (equilibrium). Test:
Hearing tests, balance (Romberg).
IX Glossopharyngeal | Both Taste from posterior 1/3 of tongue, sensory from
pharynx, motor to a swallowing muscle. Parasympathetic to
parotid salivary gland. Important in gag reflex (sensory limb).
Monitors carotid blood pressure/chemistry.
X Vagus Both "Wanderer." Key parasympathetic nerve to thorax & abdomen
(heart, lungs, GI). Motor to pharynx/larynx
(speech/swallowing). Sensory from viscera and taste from
epiglottis. Test: Gag reflex (motor), say "ah" for uvula rise.
XI Accessory Motor Motor to sternocleidomastoid & trapezius muscles
(head/neck/shoulder movement). Formerly called "spinal
accessory." Test: Shrug shoulders against resistance.
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XII Hypoglossal Motor Motor to tongue muscles for speech and swallowing. Test:
Protrude tongue; damage causes tongue to deviate toward injured
side.

Reflex Action

A reflex is a rapid, automatic, involuntary, and stereotyped response to a specific stimulus. The neural
pathway is called a reflex arc.
Components of a Simple Spinal Reflex Arc:

1. Receptor (e.g., in skin).

2. Sensory (Afferent) Neuron.

3. Integration Center (interneuron in spinal cord gray matter; may be absent

in monosynaptic reflexes like the knee-jerk).
4. Motor (Efferent) Neuron.
5. Effector (muscle or gland).
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xample: Withdrawal reflex from pain (polysynaptic).
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Sensory Systems

Sensory Processing Pathway
Stimulus — Reception — Transduction — Transmission — Integration — Perception

Classification of Sensory Receptors
Receptor Type Stimulus Detected | Examples & Key Features

Mechanoreceptors | Pressure, Touch, Hair cells (hearing/balance); Pacinian corpuscles (deep
Stretch, Sound, pressure/vibration); Meissner's corpuscles (light touch); Muscle
Gravity spindles (muscle stretch).
Chemoreceptors Specific Chemicals Taste buds (gustation); Olfactory receptors (smell); Carotid/aortic
bodies (blood pH/O-).
Photoreceptors Light Rods (dim light, monochromatic) and Cones (bright light, color) in
the retina.
Thermoreceptors | Temperature Free nerve endings; TRP family ion channels (e.g., TRPV1 for
Changes heat/capsaicin).
Nociceptors Pain (Tissue Free nerve endings responding to extreme heat/pressure or chemicals
Damage) from damage.
Electroreceptors Electrical Fields Found in some fish (sharks) and the platypus for detecting prey.
Magnetoreceptors | Magnetic Fields Used for navigation in birds, sea turtles, some insects.
Mervous System
Peripheral
Nerve = Synapses Central nervous system
impulses nervous
: (?p system l_l_‘ includes
changes in include  fnvolve s O
l 1 includes Sensory Motor
Electrical pathways pathways
Membrane potential
Chemical Brain Spinal voluntary
have | I cord l_
|
due to altered by release aregs functions Somatic )
i ¢ ¥ involuntary
prgap X e Hindbrain
MNa"/ K Gated ion ch I Neurotransmitters
dateda 1on channels
pump I Reflexes Autonomic
1 | example —s  Midbrain I
tvpes ¥ .
K" leakage Voltage- Acetyicholine Conveys includes
channels gated s Forebrain =L Sympathetic
1
lead to
Ligand- Postsynaptic Thalamus & Parasympathetic
gated Action neuron hypothalamus
| potentials
produce 1 i i
travel down integrates L— Cerebrum Motor Cranial
nenves
Graded \ ! |
potentials Presynaptic |
axon EPSPs IPSPs functions Sensory involved in
Depaolarization l I L
Associative Senses
Depolarize  Hyperpolarize

:|- Summation
Hyperpolarization
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Hearing and Equilibrium (Vestibular & Auditory Systems)

* Mechanoreception: All hearing and balance senses rely on hair cells, the specialized
mechanoreceptors. Their apical surfaces have stereocilia arranged in height order. Bending toward the
tallest cilium opens mechanically-gated K+ channels (not Na+, as the endolymph fluid in the cochlear
duct is high in K+). This depolarizes the hair cell, triggering neurotransmitter release onto sensory
neurons.

Mammalian Ear:

0 Outer Ear: The pinna collects and funnels sound waves. The external auditory canal directs them to
the tympanic membrane (eardrum).

o Middle Ear: An air-filled cavity containing three ossicles (malleus, incus, stapes) that act as a lever
system to amplify force and overcome impedance mismatch between air and fluid. The Eustachian

tube equalizes pressure. Sound energy is transferred from the tympanic membrane to the oval window of
the cochlea.

o Inner Ear (Bony Labyrinth): A fluid-filled network.

* Cochlea: A spiral, fluid-filled chamber divided by membranes. The scala media (cochlear duct)
contains the Organ of Corti, the organ of hearing.

Semicircular
Outer Middle Inner canals
ear ear ear
Skull —
{ Auditory

A . . nerve to brain —
| \\ ‘ ~ Q \\ Oval window —
a (WL
- - = 9 Malleus
" ’_/\
N\ »
Auditory ——

1; Stapes
Incus
f Cochlea
canal

Tympanic
membrane ——
Round window

Eustachian
tube

Eustachian tube

* Organ of Corti: Rests on the basilar membrane. It contains inner hair cells (primary sensory
receptors, 1 row) and outer hair cells (3 rows, function as biological amplifiers that "sharpen" tuning).
The stereocilia of hair cells are embedded in the overlying, gelatinous tectorial membrane.

* Process: Pressure waves at the oval window create traveling waves in cochlear fluids, causing the
basilar membrane to vibrate. This bends the hair cell stereocilia against the tectorial membrane, leading to
transduction.

* Pitch & Loudness Discrimination:

* Pitch (Frequency): The cochlea is tonotopically organized. High frequencies cause maximal vibration
near the base (stiff, narrow). Low frequencies cause maximal vibration near the apex (wide, flexible).

* Loudness (Amplitude): Greater vibration amplitude bends stereocilia more, leading to a higher rate of
action potentials in the associated auditory nerve (CN VIII).

* Equilibrium (Vestibular System): Detected by the vestibular apparatus (utricle, saccule, semicircular
canals).

o Vestibule (Utricle & Saccule): Detect linear acceleration and static head tilt (gravity). Each contains
a macula, a patch of hair cells whose stereocilia are embedded in a otolithic membrane laden with
calcium carbonate crystals (otoliths). During linear movement or head tilt, gravity/inertia causes the
heavy otolithic membrane to slide, bending the stereocilia.

o Semicircular Canals (Anterior, Posterior, Lateral): Detect rotational (angular) acceleration of the
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cad. Each has a swelling (ampulla) containing a crista ampullaris. Hair cell stercocilia here are
embedded in a gelatinous cupula. Rotation of the head causes endolymph fluid to lag behind due to
inertia, pushing the cupula and bending the stereocilia.
o Neural Pathway: Signals from vestibular hair cells travel via the vestibular branch of CN
VIII to vestibular nuclei in the brainstem and to the cerebellum. This coordinates reflexes for balance
(vestibulospinal tracts), head and eye movement (vestibulo-ocular reflex), and spatial orientation.
Vision
* Vertebrate Camera Eye: Light path: Cornea (major refractive power) — Aqueous
humor — Pupil (opening in the iris that adjusts light entry) — Lens (fine-tunes focus
via accommodation) — Vitreous humor — Retina (neural tissue at the back).
0 Accommodation: For near vision, ciliary muscles contract, loosening the suspensory ligaments,
allowing the elastic lens to become more round (convex) for greater bending of light rays.
* The Retina (Layered Structure - Back to Front):
o Photoreceptor Layer: Contains rods and cones.
* Rods (~120 million): High sensitivity (single photon detection). Used for scotopic (dim-light) and
peripheral vision. Contain the
pigment rhodopsin. No color discrimination.
* Cones (~6 million): Lower sensitivity, require
bright light (photopic vision). Provide
high visual acuity and color vision.
Concentrated in the fovea centralis (center of
the macula), which contains only cones for
sharpest vision. Three types with
different photopsin opsins: S-cones (short
wavelength, blue), M-cones (medium,
green), L-cones (long, red).
o Bipolar Cell Layer: First-order neurons that
synapse with photoreceptors and ganglion cells.
o Ganglion Cell Layer: Their axons converge
at the optic disc (blind spot) to form the optic P iy,
nerve (CN II). They are the only retinal neurons Ciliary muscle —ff // \\\
that fire action potentials. Lens f ‘| |
* Phototransduction in Rods - The ""Dark st S /
Current" (Unique Inhibition Pathway): \_ o
* In the Dark: Photoreceptors
are depolarized (-40 mV). cGMP levels are high, keeping cGMP-gated Na+ channels open (dark
current). This steady depolarization causes continuous release of the inhibitory
neurotransmitter glutamate onto bipolar cells, inhibiting them.
* When Light Hits:
1. Photons are absorbed by rhodopsin, converting 11-cis-retinal to all-trans-retinal, activating it.
2. Activated rhodopsin triggers a G-protein (transducin) cascade.
3. Transducin activates the enzyme phosphodiesterase (PDE).
4. PDE rapidly hydrolyzes cGMP to GMP.
5. Falling cGMP levels cause cGMP-gated Na+ channels to close.
6. The photoreceptor hyperpolarizes (to ~-70 mV).
7. Glutamate release decreases. This disinhibits (activates) the bipolar cells, signaling "light" to the rest
of the visual pathway.

~ L

Optic

Suspensory
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*Neural Pathway to Cortex:
Photoreceptors — Bipolar Cells — Ganglion Cells — Optic Nerve — Optic Chiasm (fibers from the
nasal half of each retina decussate/cross) — Optic Tract — Lateral Geniculate Nucleus (LGN) of
thalamus (major relay, some processing) — Optic
Radiations — Primary Visual Cortex (V1,
Striate Cortex) in the occipital lobe. Retinotopic
mapping is preserved throughout.
Taste (Gustation)
1. Taste Buds
Taste buds are sensory organs, not individual
cells.
Each taste bud contains:
e Gustatory receptor cells — detect
chemicals in food
e Supporting cells — structural and
metabolic support
e Basal cells — stem cells that replace
receptor cells about every 10 days (taste
cells wear out quickly)
Taste buds are mainly found on papillae of the tongue:
e Fungiform — tip and sides (sweet, salty sensitivity)
¢ Foliate — sides (sour)
e Vallate (circumvallate) — back of tongue (bitter)
They also exist outside the tongue (palate, pharynx, epiglottis), which is why flavor isn’t only a tongue
experience.
2. Taste Transduction (How chemicals become electrical signals)
Food chemicals dissolve in saliva and enter the taste pore, where they interact with microvilli (taste
hairs) on receptor cells.
Each taste uses a different mechanism:
e Salty
o Na" ions enter directly through ENaC channels
o This direct depolarization opens voltage-gated Ca** channels
o Neurotransmitter is released

o H'ions (from acids) either:
= Block K* channels (preventing repolarization), or
=  Enter directly through ion channels
o Both lead to cell depolarization
¢ Sweet, Bitter, Umami
o Molecules bind to GPCRs on the receptor cell
o Activates a G-protein cascade (commonly PLC — IP3)
o IPsreleases Ca** from internal stores
o Increased Ca®" causes depolarization and ATP release (ATP acts as a neurotransmitter
here)
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. Neural Pathway (From tongue to brain) Olfactory bulb
Different regions of the mouth send signals through
different cranial nerves: {_:'_‘ll
e CN VII (Facial) — anterior 2/3 of tongue s &G
¢ CN IX (Glossopharyngeal) — posterior 1/3 N
e CN X (Vagus) — epiglottis and pharynx
All signals converge at the:
1. Solitary Nucleus (medulla) — first processing
center
2. Thalamus (VPM nucleus) — sensory relay
3. Primary Gustatory Cortex — insula and frontal
operculum (conscious taste perception)
Signals also go to limbic structures, which explains why
taste is strongly tied to:

Masal passage

— Olfactory
bulb

e Pleasure vs. aversion — Crbriform
e Memory 1 son of
e Emotion (comfort foods, nausea, cravings) oty
Smell (Olfaction) L Basal cell
* Olfactory Epithelium: Located in the superior nasal N ey
cavity. Contains three cell types: Support cell
==— Olfactory

o Olfactory Receptor Neurons (ORNs): True bipolar
neurons (unlike taste cells). Their cilia (dendrites)
contain olfactory GPCRs (~400 types in
humans). Axons form Cranial Nerve I (Olfactory Nerve).
o Supporting Cells.
o Basal Cells: Stem cells that continuously regenerate ORNs (~every 60 days).
* Transduction: Odorant molecules dissolve in mucus, bind to specific GPCRs — activates G_olf —
increases cCAMP — opens cAMP-gated cation channels — depolarization (generator potential) — if
threshold is reached, action potentials travel along the axon.
* Neural Pathway: Unique for bypassing the thalamus initially.
0 ORN axons pass through the cribriform plate — synapse in the Olfactory Bulb onto mitral/tufted
cells in structures called glomeruli (each glomerulus receives input from ORNs expressing
the same receptor type).
o Mitral cell axons form the Olfactory Tract — projects directly to Limbic areas (Amygdala for
emotion, Hippocampus for memory) and to the Primary Olfactory Cortex (piriform cortex) — then
to orbitofrontal cortex (for conscious perception/flavor integration).
* Characteristics: Extremely sensitive (few molecules can trigger). Shows rapid adaptation (cessation
of perception despite continuous stimulus) mainly via central inhibition.
Effects of Drugs on the Nervous System
Drugs interfere with normal synaptic transmission.
e Agonists: Mimic neurotransmitters (e.g., nicotine mimics ACh at nicotinic receptors).
e Antagonists: Block receptors or inhibit enzymes (e.g., nerve gas inhibits acetylcholinesterase).
¢ Reuptake Inhibitors: Increase neurotransmitter in cleft (e.g., cocaine blocks dopamine
reuptake).
¢ Addiction & Reward Pathway: Involves hijacking the brain's mesolimbic dopamine
pathway (Ventral Tegmental Area — Nucleus Accumbens).
e Tolerance: Diminished response requiring higher doses.
e Withdrawal: Adverse symptoms upon cessation of an addictive substance.
Examples:
e Alcohol: CNS depressant; enhances GABA inhibition, inhibits glutamate excitation.
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e Caffeine: Adenosine receptor antagonist; increases alertness.
e Opiates: Mimic endorphins; bind opioid receptors to block pain and cause euphoria.
Pain Medications (Analgesics)

Mechanism of Action Example(s)
NSAIDs Inhibit cyclooxygenase (COX) enzymes, Ibuprofen,
reducing prostaglandin (inflammatory Aspirin
mediator) production.
Acetaminophen Acts on CNS to reduce pain perception; Paracetamol
weak anti-inflammatory. 3
Opioids (Narcotics) Bind to opioid receptors in CNS, blocking Morphine, .
M pain signal transmission and increasing pain | Codeine Z
threshold. High risk of addiction/tolerance. 2
K Local Anesthetics Block voltage-gated Na+ channels in sensory | Lidocaine <
neurons, preventing impulse generation. g
Adjuvants Modulate neurotransmitter systems (e.g., Amitriptyline, v
(Antidepressants/Anticonvulsants) serotonin, norepinephrine, GABA) involved | Gabapentin o
P in chronic pain pathways. g_‘
R Disorders of the Nervous System 0 p)
Category Disorder Key Cause / Pathology Main Features o
E Vascular Stroke Interruption of cerebral blood Sudden numbness/weakness (often a
supply (ischemic clot or one-sided), confusion, speech ()
hemorrhagic bleed). difficulty, loss of balance. =
P Infectious Meningitis Inflammation of meninges by Severe headache, stiff neck, fever, <
bacteria/virus/fungi. photophobia. n
A Structural Brain Tumor | Uncontrolled growth of Headaches, seizures, neurological {é
neuroglial or other cells. deficits based on location. 8
R Functional Epilepsy Sudden, excessive electrical Seizures (convulsions). E
discharges in brain.
A Degenerative | Alzheimer's Progressive degeneration; Memory loss (short-term first),
Disease amyloid plaques & confusion, disorientation,
T neurofibrillary tangles (tau dementia.
protein).
I Degenerative | Parkinson's Degeneration of dopamine- Tremors at rest, rigidity,
Disease producing neurons in bradykinesia (slowness), impaired
the substantia nigra of posture. Treated with L-Dopa.
O midbrain.
Demyelinating | Multiple Autoimmune attack on CNS Disrupted saltatory conduction;
N Sclerosis myelin (oligodendrocytes). muscle weakness, vision problems,
(MS) fatigue.
S Diagnostic Techniques

e Electroencephalography (EEG): Records brain's electrical activity via scalp electrodes.
Diagnoses epilepsy, sleep disorders.

e Computed Tomography (CT) Scan: Uses X-rays to create detailed cross-sectional images of
brain structure. Good for detecting hemorrhages, tumors.

e Magnetic Resonance Imaging (MRI): Uses strong magnetic fields & radio waves to produce
highly detailed soft tissue images without radiation. Superior for viewing brain anatomy and
spinal cord.
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Advanced Concepts

e Neuroplasticity: The CNS's ability to reorganize its structure, function, and connections in
response to experience, learning, or injury.

¢ Long-Term Potentiation (LTP): A long-lasting increase in synaptic strength following high-
frequency stimulation; a cellular model for learning and memory (involves hippocampal
glutamate receptors, Ca2+ influx).

e Neurogenesis: The formation of new neurons; occurs in adult hippocampus and lateral
ventricles, contrary to old dogma.

¢ Biological Rhythms: Regulated by internal clocks (e.g., Suprachiasmatic Nucleus (SCN) in
hypothalamus for circadian rhythms) and hormones (e.g., melatonin from pineal gland).

.
M o Sensor_y IOCESSES m— Nervous System uses S Z
information receptors o
-
K 2 |
Thermoreceptors types <
processed | O
in steps sense l 1 l :
Temperature <J @
Mechanoreceptors Chemoreceptors Photoreceptors ”
P Stimulation | | | | :
sense sense .
Nociceptors Taste sense include Q
| | Touch & Skin = Taste — i l
R | pressure s Reods m
Transduction sense > | Light | ()
) _‘J Muscle sense :
Pain —= Proprioception — length & | | Low light 7))
E tension I\ more O
Transmission Blood complex o
—- — Baroreceptors .} Cones
P Electroreceptors EiEELE FipEa Salty Vicion “<
Interpretation | Sound/ T Bitter I Color :'
A B sense — e —s  Quter ear uses
Electrical l } 172
currents Umami Eyes -~ "
R Iy |~ Vibration Middle ear Cornea E
| N N }
A Magnetoreceptors — Balance Inner ear neurons contain Pupil
SE‘fl?SE Labyinth & l — = L l
. enes ens
I Magnetic QJ semicircular Cochlea r'ngvo ved
fields canals in ;
,l Retina
I Evolution
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Practice MCQs

1. Which part of the neuron primarily receives
signals from other neurons?

A) Axon

B) Myelin sheath

C) Dendrites

D) Node of Ranvier

Answer: Dendrites

2. The resting membrane potential of a neuron is
approximately:

A) +70 mV

B) 0 mV

C)-70 mV

D) -90 mV

Answer: -70 mV

3. Rapid, automatic responses to stimuli that do
not require brain involvement are called:

A) Voluntary actions

B) Reflexes

C) Instincts

D) Hormonal responses

Answer: Reflexes

4. Which neuroglial cell forms the myelin sheath
in the central nervous system?

A) Schwann cells

B) Astrocytes

C) Oligodendrocytes

D) Microglia

Answer: Oligodendrocytes

5. The neurotransmitter released at the
neuromuscular junction is:

A) Dopamine

B) Serotonin

C) Acetylcholine

D) GABA

Answer: Acetylcholine

6. The part of the brain responsible for
coordinating voluntary movements and balance is
the:

A) Cerebrum

B) Medulla oblongata

C) Cerebellum

D) Hypothalamus

Answer: Cerebellum

7. During an action potential, the rapid influx of
which ion causes depolarization?

A) Potassium (K*)

B) Chloride (CI)

C) Calcium (Ca?")

D) Sodium (Na*)

Answer: Sodium (Na*)

8. Which division of the peripheral nervous
system is responsible for the "fight-or-flight"
response?

A) Somatic nervous system

B) Parasympathetic nervous system

C) Enteric nervous system

D) Sympathetic nervous system

Answer: Sympathetic nervous system

9. The gaps in the myelin sheath where action
potentials are regenerated are called:

A) Synaptic clefts

B) Nodes of Ranvier

C) Axon hillocks

D) Terminal boutons

Answer: Nodes of Ranvier

10. Which part of the brain acts as a major relay
station for all sensory information (except smell)?
A) Hypothalamus

B) Thalamus

C) Hippocampus

D) Amygdala

Answer: Thalamus

11. The minimum level of depolarization required
to generate an action potential is known as:

A) Resting potential

B) Threshold potential

C) Refractory period

D) Hyperpolarization

Answer: Threshold potential

12. Which type of neuron has one axon and one
dendrite, commonly found in special sense
organs?

A) Multipolar

B) Unipolar

C) Bipolar

D) Anaxonic

Answer: Bipolar

13. The vital centers for heart rate, respiration,
and blood pressure are located in the:

A) Cerebellum

B) Pons

C) Medulla oblongata

D) Midbrain

Answer: Medulla oblongata

14. Parkinson's disease is primarily associated
with the degeneration of neurons that produce
which neurotransmitter?

A) Acetylcholine

B) Serotonin

C) Dopamine

D) Norepinephrine

Answer: Dopamine

15. The process by which a neuron adds together
postsynaptic potentials from multiple synapses is
called:

A) Saltatory conduction
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B) Summation

C) Propagation

D) Inhibition

Answer: Summation

16. Which protective layer of connective tissue
directly surrounds an individual axon in a
peripheral nerve?

A) Epineurium

B) Perineurium

C) Endoneurium

D) Dura mater

Answer: Endoneurium

17. The brain and spinal cord are components of
the:

A) Peripheral nervous system

B) Somatic nervous system

C) Central nervous system

D) Autonomic nervous system

Answer: Central nervous system

18. The major inhibitory neurotransmitter in the
vertebrate brain is:

A) Glutamate

B) Glycine

C) GABA

D) Aspartate

Answer: GABA

19. The junction between two neurons where
communication occurs is called a:

A) Node

B) Ganglion

C) Synapse

D) Tract

Answer: Synapse

20. Which part of a reflex arc transmits the
impulse from the receptor to the central nervous
system?

A) Motor neuron

B) Interneuron

C) Effector

D) Sensory neuron

Answer: Sensory neuron

21. The sodium-potassium pump actively
transports:

A) 2 Na' out and 3 K* in

B) 3 Na* out and 2 K* in

C) 3 Na'in and 2 K* out

D) 2 Na' in and 3 K* out

Answer: 3 Na* out and 2 K" in

22. The lobe of the cerebrum primarily
responsible for processing visual information is
the:

A) Frontal lobe

B) Parietal lobe

C) Temporal lobe

D) Occipital lobe

Answer: Occipital lobe

23. The part of the nervous system that controls
involuntary functions of glands, cardiac, and
smooth muscle is the:

A) Somatic nervous system

B) Autonomic nervous system

C) Central nervous system

D) Sensory division

Answer: Autonomic nervous system

24. Which glial cells are the resident macrophages
of the central nervous system?

A) Astrocytes

B) Oligodendrocytes

C) Microglia

D) Ependymal cells

Answer: Microglia

25. A period after an action potential during
which a new action potential cannot be initiated is
the:

A) Relative refractory period

B) Repolarization period

C) Absolute refractory period

D) Hyperpolarization period

Answer: Absolute refractory period

26. The band of nerve fibers that connects the two
cerebral hemispheres is the:

A) Pons

B) Corpus callosum

C) Fornix

D) Cerebral peduncle

Answer: Corpus callosum

27. The neurotransmitter associated with the
reward pathway and addictive behaviors is:

A) Acetylcholine

B) Serotonin

C) Dopamine

D) Endorphin

Answer: Dopamine

28. The primary function of the hypothalamus is:
A) Motor coordination

B) Sensory relay

C) Maintaining homeostasis

D) Visual processing

Answer: Maintaining homeostasis

29. In a chemical synapse, neurotransmitter
release is triggered by the influx of:

A) Sodium ions

B) Potassium ions

C) Chloride ions

D) Calcium ions

Answer: Calcium ions

30. Which of the following is NOT a basic taste
modality in humans?

A) Sweet
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Chapter 24

Endocrine System

The endocrine system is a major regulatory and communication network in animals, working in close
coordination with the nervous system to maintain homeostasis. It consists of ductless glands and
specialized cells that secrete hormones directly into the bloodstream or extracellular fluid. These chemical
messengers travel to distant target cells possessing specific receptors, eliciting slow but prolonged
responses. This system is crucial for regulating growth, development, metabolism, reproduction, and

adaptation to environmental changes. N
=
[ ]
M Endocrine System m
Origins of
I< Hormenes Body's Peripheral other Q"
I control center endocrine glands hormones g
types | [ [ ]
includes Posteri include include X i @
N =R Thyroid Ovaries & =
pituitary hyrol testes ()
I 1
P Lipophilic Hydrophilic produces PTOO;UCGS ‘!; W
—| include Oxytocin ADH . proice <
include ¥ Thyroxine and Pineal l’ 7))
Iz l Peptides & triiodothyronine gland Sex PN
acton o
) proteins — Anterior pituitary <——— | steroids @
E Steroids i 'd | Aeere] produces E
effects are o produces |
are Amine acid Peptide hormenes produces Melatonin
P act on derivatives t _
Protein hormones Cat:ci:olap;lnes —— Atrium
sterolds
] 1
A Long-term — Short-term produces
Glycoprotein . f
R Membrane r?orrr?nnes Pancreas — Skin Agrial
Intracellular receptors | natriuretic
receptors roduces tid
IP L Hypothalamus acton P produces  PEPHCE
A affect Ty_msine | insulin and '4'
L kinase produces fsulin &n Vitamin D
T e Releasing glucagon
h
expression G protein— OImonss
coupled
J| Inhibiting
hormones
Hormones:
N A hormone is an organic chemical messenger secreted in minute quantities by endocrine tissues. It is
transported via body fluids to specific target cells, where it regulates the rate of pre-existing biochemical
S processes without initiating new reactions.

Key Characteristics
o High Potency: Effective at extremely low concentrations (e.g., 10712 M).
e Specificity: Acts only on target cells with complementary receptors (Lock-and-Key Model).
¢ Regulatory Role: Can stimulate or inhibit physiological processes.
e Integrated Action: Hormones often work in synergistic or antagonistic pairs (e.g., Insulin and
Glucagon) to fine-tune responses.
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Endocrine Gland
and Hormone

Hypothalamus

Releasing hormones Adenohypophysis

Inhibiting hormones

Adenohypophysis

Neurohypophysis (posterior-pituitary gland)

Antidiuretic hormone (ADH) Kidneys
Also called vasopressin
Oxytocin (0T) Uterus

Mammary glands

Adenchypophysis (anterior-pituitary gland)

Adrenocorticotropic hormone (ACTH) Adrenal cortex

Melanocyte-stimulating hormone (MSH)  Skin

Growth hormone (GH) Many organs

Prolactin (PRL) Mammary glands

Thyroid-stimulating hormone (TSH) Thyroid gland
Luteinizing hormone (LH) Gonads
Follicle-stimulating hormone (FSH) Gonads
Thyroid Gland

Thyroid hormones (thyroxine and Most cells
triiodothyronine)

Calcitonin Bone

Target Tissue

Principal Actions

Activate release of adenchypophyseal hormones

Inhibit release of adenohypophyseal hormones

Conserves water by stimulating its reabsorption from urine

Stimulates contraction

Stimulates milk ejection

Stimulates secretion of adrenal cortical hormones such as
cortisol

Stimulates color change in reptiles and amphibians; various
functions in mammals

Stimulates growth by promoting bone growth, protein
synthesis, and fat breakdown

Stimulates milk production

Stimulates thyroxine secretion

Stimulates ovulation and corpus luteum formation in females;

stimulates secretion of testosterone in males

Stimulates spermatogenesis in males; stimulates
development of ovarian follicles in females

Stimulate metabolic rate; essential to normal growth and
development

Inhibits loss of calcium from bone
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Chemical Nature

Peptides

Peptides (except prolactin-
inhibiting factor, which
is dopamine)

Peptide (9 amino acids)

Peptide (9 amino acids)

Peptide (39 amino acids)

Peptide (two forms; 13 and 22
amino acids)

Protein

Protein

Glycoprotein

Glycoprotein

Glycoprotein

Amino acid derivative (iodinated)

Peptide (32 amino acids)
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¢ Function: Stores and releases hypothalamic hormones.
Hormone Primary Functions

Antidiuretic Hormone

Increases water reabsorption in

Regulation & Disorders
Stimulus: High blood osmolarity,

(ADH/Vasopressin) kidneys; vasoconstriction at high low blood
doses. volume. Disorder: Diabetes
Insipidus (hyposecretion — dilute
urine, thirst).
Oxytocin Stimulates uterine contractions Stimulus: Cervical stretching,

during childbirth; triggers milk
ejection ("let-down").

suckling. Operates via positive
feedback during labor.

Production and release of anterior pituitary
hormones. The release of hormones synthesized in the anterior pituitary
gland is controlled by hypothalamic releasing and inhibiting hormones.
The hypothalamic hormones are secreted by neurosecretory cells and
enter a capillary network within the hypothalamus. These capillaries drain
into portal vessels that connect with a second capillary network in the
anterior pituitary.

Hypothalamic <
releasing and
inhibiting
hormones

Posterior pituitary

y = ' Neurosecretory cells
e 0 / of the hypothalamus

Endocrine cells of
the anterior pituitary

Anterior pituitary hormones

Adrenal
cortex

Testes or
ovaries

Tropic effects only

Thyroid Gland
e Location: Anterior neck, below larynx.
e Hormones & Functions:
1. Thyroxine (T4) & Triiodothyronine (Ts):
= Synthesis: Requires iodine and tyrosine.

Mammary
glands

Nontropic effects only

Melanocytes Liver, bones,
other tissues

Tropic and nontropic
effects

= Functions: Increase Basal Metabolic Rate (BMR), promote normal growth and
development (critical for CNS), regulate protein/fat/carb metabolism.

2. Calcitonin:
= Source: Parafollicular (C) cells.

= Function: Lowers blood Ca?* by inhibiting osteoclast activity (bone resorption).

Disorder Cause

Hypothyroidism Low T3/T4

Key Symptoms

Cretinism (infants: stunted growth,
mental
retardation). Myxedema (adults:
fatigue, weight gain, cold
intolerance). Goiter (gland
enlargement, often due to iodine
deficiency).
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e Kidneys: Secrete Erythropoietin (EPO) (stimulates RBC production), Renin (activates RAASY;
and Calcitriol.
e Adipose Tissue: Secretes Leptin (suppresses appetite), Adiponectin (increases insulin
sensitivity), Resistin (promotes insulin resistance).
¢ Gastrointestinal Tract: Secretes Gastrin (stimulates gastric acid), Secretin (stimulates
pancreatic bicarbonate), Cholecystokinin (CCK) (stimulates enzyme release & gallbladder
contraction).
e Skeletal Muscle: Secretes Myokines (e.g., Irisin during exercise, induces "browning" of fat).
Feedback Control of Hormone Secretion
Negative Feedback
e Mechanism: The output of a system counteracts the initial change, stabilizing conditions. Most
common in homeostasis.
o Examples:
1. Blood Glucose: High glucose — Insulin — Glucose uptake — Glucose lowers — Insulin
inhibited.
2. Thyroid Axis: Low T3/T4 — TRH/TSH — T3/T4 rises — TRH/TSH inhibited.
3. Cortisol Axis: Low cortisol - CRH/ACTH — Cortisol rises — CRH/ACTH inhibited.
Positive Feedback
e Mechanism: The output amplifies the initial stimulus, driving a process to completion. Less
common.

o Examples:
1. Childbirth (Oxytocin): Cervical stretch — Oxytocin — Contractions — More stretch —
More oxytocin until delivery.
2. LH Surge: High estrogen from mature follicle — stimulates LH surge — triggers
ovulation.
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Chapter 25

Immune System

Immunology is the study of the body's defense mechanisms against pathogens (disease-causing agents
like bacteria, viruses, fungi, protozoa, helminths) and abnormal cells. The immune system is a highly
coordinated network of cells, tissues, and molecules that distinguishes self from nonself and climinates
harmful entities. Its core functions are surveillance, recognition, response, and regulation, leading
to immunological memory.

Immune Response: The coordinated reaction of immune cells and molecules to a foreign substance
(antigen). A successful response provides protection; a dysregulated response causes hypersensitivity,
autoimmunity, or immunodeficiency.

Immune System

~ L

Humoral immunity & Medically
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Innate immunity provides immediate, non-specific defense against pathogens. It is present from birth,
found in all animals, and does not confer immunological memory.
Characteristics of Innate Immunity

¢ Rapid response: Activated within minutes to hours.
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Macrophages "Big eaters"; resident in tissues (e.g., spleen) or wandering; Derive from monocytes.
also act as Antigen-Presenting Cells (APCs).
Neutrophils Most abundant; first responders; short-lived; major component | Highly mobile, recruited
of pus. to infection sites.
Dendritic Cells Key APCs; phagocytose in tissues, then migrate to lymph Bridge between innate and
nodes to activate adaptive immunity. adaptive systems. o
n
Natural Killer Destroy virus-infected and cancerous host cells by Part of innate system; -
M (NK) Cells inducing apoptosis. Recognize cells lacking MHC Class 1. lymphocyte-like. E
K Eosinophils Discharge enzymes against multicellular parasites (e.g., Located beneath epithelia. E
helminths). =]
¢
Mast Cells Release histamine and other inflammatory chemicals from Resident in connective 0 ]
P granules (degranulation). tissue. <
17,]
=
R S
Cell Type Function Macrophage -~ Phagocytic tissue cell that is a component of the E
Helper T cell . Specifically recognizes foreign peptides on antigen- - ,n' hod.y‘s frst cellu!ar line of defense; also serves as an
E I % presenting cells, inducing the release of cytokines o antigen-presenting celltoT, cell
o - g
that activate B cells or macrophages g
P Neutrophil A phagocytic cell that is a component of the body’s
Cytotoxic Teell o L~ Specifically recognizes and kills “altered-self” y s first cellularline of defense; found in the blood in large
A — d = cells: virally infected or tumor cells {'B y numbers until attracted to tissues during inflammation
7 T |
f
R - Eosinophil ) Impaortant to the elimination of parasites and
B cell | '-'.' Binds specific soluble antigens with its membrane- i involved in chronic inflammatory diseases
.~ bound antibody; serves as an antigen-presenting
A i el to T, cells; on activation differentiates into
=~ plasmaand memory B cells
Basophil Circulating cell that releases mediators such as
T . . o . histamine that promote inflammation
Plasma cell _ Derived from activated B cell; is a biochemical
Sy factory devoted to the secretion of antibodies
I [ ‘ - directed against specific antigens
Mast cell Located primarily under mucosal surfaces and
O Natural killer cell Rapidly recognizes and kills virally infected or releases mediators such as histamine that promote
tumor cells inflammation; triggered during both inflammatory and
N # allergic responses
Monocyte Precursor of macrophage; located in blood Dendritic cell Important antigen-presenting cell to naive Ty cells;
S . also helps in the activation of naive T, cells

Y

C. Internal Antimicrobial Proteins & Systems
e Complement System: A group of ~30 plasma proteins that, when activated, lead to:
1. Opsonization: Coating pathogens to enhance phagocytosis.
2. Inflammation: Attracting phagocytes.
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Chapter 26

Reproduction and Development

Developmental biology represents one of the most integrative fields in biological science, seeking to
explain how genetic information is translated into three-dimensional form and function. At its core lies
a profound paradox: unlike human-engineered machines that are built first and then function, organisms
must maintain physiological function while simultaneously constructing themselves through embryonic
development, growth, and repair. This field transcends traditional embryology (development from

fertilization to birth) to encompass the entire lifespan, including: N
¢ Metamorphosis: Radical post-embryonic transformation (e.g., caterpillar to butterfly) ?\
¢ Regeneration: Replacement of lost body parts (e.g., salamander limbs, zebrafish heart) z
M e Tissue Turnover: Continuous renewal of cells in skin, gut, and blood )
e Aging: Progressive changes in structure and function over time =
K -
Reproductive System c
Reproductive Vertebrate fertilization Male reproductive Female reproductive Contraception :
strategies & development system system & infertility 2
I I | |
P include involves involves includes s.
Soxual include Oviparity L, DS - Oogenesis - Contraception :
R !
produces ; o
Asexual Ovoviviparity l L g T §
. Primary . |
E Primary spermatocyte —— — meiosis + Ovum stages Q
Budding Viviparity T impacted
mg:sjs Menstrual cycle OOCS‘T?? U
P External Spormatids l production w
" fertilization <
= Hermaphreditism ‘ Zygote
| I Ovarian Uterine implantation w
A changing OCCurs in Sperm cycle cycle 3
sex Fishes F “.I I I
L oflicuiar Menstruation — Male infertility ﬁ
R Sequential . Accessory sex phase | E
Amphibians Trone l } couses
. ! Proliferation S be 0
A Internal include Owulation perm number =
e Prostate *
Sex fertilization gland I. =
" determination I Secration 5 iabili
T 1 occurs in Lutaal perm viability
i Peni
controlled by Reptiles nis phase ‘
Menstruation Sperm motility
I Temperature Birds Hormonal
control .
¥ Mammals ——»  Accessory sex organs ?:c‘:::glu‘:tizs
O chromosome I | I =L
includes FSH include include
Maonotremes Y Y ' Hormane
N LH Fallopian U ) treatment
tubas terus Vagina
Marsupials Assistive
S Testosterone Hormonal reproductive
Placental control e
FSH
Estrogen
LH
Progesterone
Prolactin
Oxytocin
MK PREPARATIONS: Let’s Make It Happen
+92 333 2605045, +92 342 4470091 Page 1 of 46




~ L

nZO—~—-Hp» AP>UwmAT

MK PREPARATIONS} . .

I. HOLOBLASTIC (COMPLETE CLEAVAGE)

A. Isolecithal
(Sparce, evenly disreibuted yolk)

1. Radial
Echinoderms, amphicxus

2. Spiral
Annalds, molluscs,
flatwams

3. Bilateral
Tunicates

4. Rotational
Mammals, nermtades

B. Mesolecithal

(Moderate vegaal yoik disposition)
Radial — e -
Ampliritians '

1. MEROBLASTIC (INCOMPLETE CLEAVAGE)

A. Telolectthal
. o

(Dense yolk throughont mont of cell)

1. Bilateral
Cephalapod moluscs

yuwwdopAd( pue uondnpoadday ‘97

2. Discoidal
Fish, reptiles, birds

B. Centrolecithal
(Yolk in cenier of egg)

Superfical
Most insects
Molecular Regulators of Cleavage:
¢ Cyclin-CDK Complexes: Control cell cycle progression; modified to eliminate G1/G2 phases
e Aurora Kinases & Polo-like Kinases: Regulate spindle assembly and cytokinesis
¢ PAR Proteins: Establish polarity in C. elegans and Drosophila
¢ Cortical Rotation: Microtubule-dependent movement of dorsal determinants in amphibians
Core Objectives of Gastrulation:
1. Form three germ layers (ectoderm, mesoderm, endoderm)
2. Establish body axes (anteroposterior, dorsoventral, left-right)
3. Position germ layers appropriately for subsequent organogenesis
4. Create primitive gut (archenteron) from endoderm
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Involution: Ingression: . . Epiboly:
Invagination: Inturning of cell sheet Migration of ‘Delamination: Expansion of
Infolding of cell over the basal surface individual cells Splitting of one one cell sheet
sheet into embryo of an outer layer into the embryo sheet into two over other cells

M Example: Example: Example: Example: Example:
Sea urchin Amphibian Crosophila Mammalian Amphibian
K endoderm mesoderm neuraoblasts hypoblast ectoderm

Sex Determination

Introduction to Sexual Reproduction

Sexual reproduction generates genetic variation through fusion of haploid gametes. Sex is often
determined chromosomally at fertilization, but other mechanisms exist.

Primary Sex Determination

Refers to the development of gonads (testes or ovaries) from a bipotential precursor.
Chromosomal Sex Determination Mechanisms:
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TAXON SYSTEM KEY FEATURE
Mammals XX = female, XY = SRY gene on Y chromosome triggers testes.
male
Birds 77 = male, ZW = System reversed compared to mammals.
female
Drosophila XX =female, XY = X:A ratio determines sex; Y chromosome only for
male spermatogenesis.
Hymenopterans | Haplodiploidy Fertilized (diploid) eggs — females; unfertilized (haploid)
eggs — males.

The Mammalian Pathway:
e Testis-Determining (XY): SRY — activates SOX9 — Sertoli cell differentiation — testes form
— produce Testosterone and Anti-Miillerian Hormone (AMH).
e Ovary-Determining (XX): Absence of SRY — WNT4/RSPO1 stabilize p-catenin — ovary
formation — FOXL2 maintains ovarian identity.

Key Genes in Mammalian Sex Determination
Gene/Protein \ Location Role Phenotype if Mutated

nZOm—~=-pXpdmRId

SRY Y Triggers testis pathway. XY sex reversal (female).
Chromosome
SOX9 Autosome Master regulator of testis XY sex reversal.
development.
WNT4/RSPO1 | Autosome Promote ovary development. | XX sex reversal (masculinization).
FOXL2 Autosome Maintains ovarian identity. Postnatal ovary-to-testis
transdifferentiation.
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Nuclear Condensation & Repackaging: Histones are replaced by smaller, positively
charged protamines, enabling extreme DNA compaction and inactivation of
transcription.
o Acrosome Formation: The Golgi apparatus forms a cap-like acrosome over the nucleus,
filled with hydrolytic enzymes (hyaluronidase, acrosin) for egg penetration.
o Flagellum Assembly: One centriole elongates to form the axoneme (9+2 microtubule
arrangement) of the tail. The motor protein dynein generates motility.
o Mitochondrial Sheath Formation: Mitochondria spiral around the proximal part of the
flagellum (midpiece) to provide ATP.
o Cytoplasmic Shedding: Excess cytoplasm is extruded as a residual body, which is
phagocytosed by Sertoli cells.
e Cytoplasmic Bridges: Throughout meiosis and spermiogenesis, descendant cells remain
connected by intercellular bridges, allowing synchronous development and sharing of gene
products from the single X chromosome in XY cells.

Golgi apparatus
I‘ Acrosomal

Mitochondria
vesicle
Acrosom
Nucleus %

® / j |
Spermatid Centrioles Z
nucleus ® I Microtubules I Midpiece Head
1 1

an Wy

Flagellum —
2 Excess —/ | 1l

cytoplasm P m}%

Tail— ./--

® @

4. Spermiation and Release:
Mature spermatozoa are released into the tubule lumen. They are still non-motile and undergo further
functional maturation in the epididymis (gaining motility and fertilizing capacity) and
final capacitation in the female reproductive tract.
Hormonal Regulation of Spermatogenesis
The Hypothalamic-Pituitary-Gonadal (HPG) Axis provides precise control:
¢ Hypothalamus: Secretes Gonadotropin-Releasing Hormone (GnRH) in pulses.
¢ Anterior Pituitary: GnRH stimulates release of:

o Follicle-Stimulating Hormone (FSH): Binds to Sertoli cells, stimulating production
of Androgen-Binding Protein (ABP) and other factors crucial for supporting meiosis
and spermiogenesis.

o Luteinizing Hormone (LH): Stimulates Leydig cells in the interstitium to
produce testosterone.
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4. Cortical Reaction: Fusion triggers the cortical reaction — cortical granules in the oocyte
cytoplasm release enzymes that modify the zona pellucida, making it impenetrable to other
sperm. This blocks polyspermy (fertilization by multiple sperm).

5. Completion of Meiosis II: The sperm entry activates the oocyte to complete meiosis II, forming
the mature ovum and a second polar body.

6. Pronuclei Formation: The sperm nucleus swells to form the male pronucleus; the ovum
nucleus becomes the female pronucleus.

7. Syngamy: The pronuclei fuse, combining their chromosomes to form a diploid zygote.

Cleavage \
'-.0'*’.-. - 4 \ W \ A TN
\, y — \ i ’ _‘» N

— four-cell’- — { K
eight-cell “~-. stage S, twocell’, \

Zygote
Ovum nucleus
Sperm nucleus

Corpus
luteum

Ovum

Secondary
cocyte

Maturing g

follicle
Later blastocyst Implanted Ovulation
(5-7) blastocyst

Cleavage
Cleavage is a series of rapid mitotic divisions of the zygote without overall growth. The cells produced
are called blastomeres.
Stages:
e Day 1-3: Zygote divides into 2, then 4, then 8 cells, forming a morula (solid ball of 16+ cells) by
day 4.
e Day 4-5: The morula develops into a blastocyst as it enters the uterus. The blastocyst has:
o Trophoblast: Outer cell layer that will form the placenta and extra-embryonic
membranes.
o Inner Cell Mass (Embryoblast): Cluster of cells that will develop into the embryo.
o Blastocoel: Fluid-filled cavity.
Implantation
Implantation is the attachment and embedding of the blastocyst into the endometrium (uterine lining),
occurring approximately 67 days after fertilization.
Process:
1. Hatching: The blastocyst "hatches" from the zona pellucida.
2. Attachment: The trophoblast adheres to the endometrium.
3. Invasion: Trophoblast cells proliferate and invade the endometrium, forming two layers:
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o Cytotrophoblast (inner cellular layer).
o Syncytiotrophoblast (outer multinucleated layer that erodes maternal tissues to establish
nutrient exchange).

4. Decidual Reaction: The endometrium undergoes changes (increased vascularity, edema) to form
the decidua, which supports implantation.

By day 7-10, the blastocyst is fully embedded. The inner cell mass differentiates into the bilaminar
germ disc (epiblast and hypoblast), the precursor to the embryo.

Placenta Formation and Function

Placental Structure

The placenta is a temporary organ formed from both fetal and maternal tissues.

Fetal Components:

e Chorionic villi: Finger-like projections of the chorion (derived from trophoblast) containing
fetal capillaries.

e Chorionic plate: Fetal side of the placenta.

e Umbilical cord: Connects fetus to placenta; contains two umbilical arteries (carry
deoxygenated blood from fetus) and one umbilical vein (carries oxygenated blood to fetus).

Maternal Components:
e Decidua basalis: The portion of the endometrium underlying the implantation site.
e Maternal blood pools (lacunae): Spaces where maternal blood bathes the chorionic villi.
Important: Maternal and fetal blood do not mix; exchange occurs across the placental
barrier (syncytiotrophoblast,
connective tissue, and fetal capillary e
endothelium). i
Placental Functions
A. Exchange & Transport:

o Passive Diffusion: Oxygen,
carbon dioxide, water,
electrolytes.

o Facilitated Diffusion: Glucose
(via GLUT!1 transporters).

e Active Transport: Amino
acids, ions (e.g., Ca**, Fe*").

¢ Pinocytosis: Maternal
antibodies (IgG) for passive

~ L

Chorion

Amnion

Yolk sac

Umbilical
cord
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Chorionic
frondosum
(fetal)

1mmun1ty. Decidii Placenta
¢ Waste Removal: Urea, < : S LS  basalis |
.. [ . “ [ ) =1 —, =g (A t
creatinine, bilirubin transferred Y e N : W - (maternal)
to maternal blood. PAm. Y SY )= TR G - Diical artery
. . 4 A b ( E‘s S R Y- | Umbilical vein
B. Endocrine Secretion: N G A W@- Uterine wall

¢ hCG (Human Chorionic
Gonadotropin): Produced by syncytiotrophoblast; maintains the corpus luteum for progesterone
secretion until the placenta takes over (~week 8—10). Basis for pregnancy tests.

e Progesterone: Maintains endometrium, suppresses uterine contractions, prevents menstruation,
prepares mammary glands.

e Estrogens (primarily estriol): Stimulate uterine growth, increase blood flow, promote breast
duct development.

e hPL (Human Placental Lactogen): Modulates maternal metabolism to ensure fetal nutrient
supply; has growth hormone-like and lactogenic effects.

¢ Relaxin: Softens cervix and relaxes pelvic ligaments for parturition.

Developmental Timeline (Gestation ~40 weeks)
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Chapter 27

Animal Behaviour

Animal behaviour is the scientific study of everything animals do—encompassing actions and
responses to internal (e.g., hormonal, neural) and external stimuli (e.g., environmental, social). It

investigates:

e Mechanisms (how behaviour occurs)
¢ Function (why it exists in terms of survival/reproduction)
e Development (how it changes over a lifetime)
e Evolution (historical origins)

Behaviour is the product of natural selection acting on phenotypes, making it a suite

of adaptations that enhance fitness (survival and reproductive success). The field integrates:
¢ [Ethology, Psychology, Ecology, Neurobiology, Evolutionary Biology, and Genetics.

Behavior

studied at level of

Mechanism Ontogeny Activities Evolution —
| | 1 oCCurs
includes in an individual include MNatural b _I
. ) —— by
P— includes L Cognition selection when
system Habituation behavior has
| Not just in -
uses — Learning primates Adaptive
Neural significance
circuits Association |
for * mg e studied in
I
‘l Conditiening uses l
Quick Orientation Behavioral
D t
response ;Vsel?‘gr:;? [ Iel:olog;.r
~ Parental Navigation includes
care includes Fomare
B e - —» Communication
I_ Reproduction Imprinting ;
in . | Reprodu?hve
includes strategies
Aggression
. Signals & ‘
Instinct responses Mating
l»  Genetics Stress | systems
. _ interact and l
studied in Learning Courtship > Altruism
Avrtificial }
selection Identification & Reciprocity
—» information Kin selection
Hybrids exchange
Twin l An'i i l
SiglEs Waggle dance & TSl
alarm calls *
Insects
Vertebrates
Ethology
The biological study of animal behaviour in natural contexts, pioneered by:
e Karl von Frisch: Decoded honeybee dance language (direction/distance to food).
e Konrad Lorenz: Studied imprinting and innate behaviour (e.g., goslings).
e Niko Tinbergen: Formulated the “Four Questions” framework.
Page 1|15
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All three shared the 1973 Nobel Prize in Physiology or Medicine.

Comparative Psychology

Emphasizes controlled laboratory studies of learning, mechanisms, and cognition, often using model
species (e.g., rats, pigeons, Aplysia).

Tinbergen’s Four Questions

A cornerstone framework for a complete biological explanation of any behaviour. Distinguishes
between proximate (how) and ultimate (why) causation.

Applied to Bird Song:

Question Specific Question Example: Male Songbird Singing in

Type Spring

Proximate: What immediate mechanisms Increasing day length — hormonal

Causation cause the behaviour? (testosterone) changes — activates brain nuclei
(HVC, RA) — triggers singing muscles.

Proximate: How does behaviour change Young bird learns specific song dialect by

Development over the animal’s lifetime? listening to its father during a critical/sensitive
period.

Ultimate: What is the Attracts mates and defends territory —

Function survival/reproductive value? increases reproductive success.

Ultimate: How did the behaviour evolve Evolved from simpler vocalizations in

Evolution historically? ancestral species; related species have similar
but distinct song structures.

Key Distinction:

e Proximate Causation: Explains zow a behaviour occurs (genetic, hormonal, neural,
environmental triggers).

o Ultimate Causation: Explains why a behaviour exists (evolutionary history, adaptive
significance).

Innate vs. Learned Behaviour

Innate (Instinctive) Behaviour

Genetically programmed, developmentally fixed, and exhibited similarly by all members of a species.

Triggered by specific sign stimuli (releasers).

o Examples: Reflexes, fixed action patterns (FAPs), kineses, taxes.

¢ Fixed Action Pattern (FAP): A stereotypic, species-specific motor sequence triggered by a sign
stimulus and carried to completion once initiated.

o Example: Graylag goose completes egg-rolling sequence even if egg is removed.

Learned Behaviour

Modified by experience, providing behavioural flexibility.

Major Types of Learning:

Type of Mechanism Adaptive

Learning Significance

Habituation Decreased response to Birds stop alarm Conserves energy
repeated, irrelevant calls to a flapping and attention.
stimulus. SCarecrow.

Sensitization Increased response to a Aplysia shows Prepares for
repeated, often noxious enhanced gill- potential danger.
stimulus. withdrawal after

shock.
Page 2|15
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Classical Association between Pavlov’s dogs Anticipation of
Conditioning neutral and meaningful salivate to a bell significant events.
stimuli. paired with food.
Operant Behaviour modified by Rat presses lever for Trial-and-error
Conditioning consequences food. learning of
(reward/punishment). beneficial
behaviours.
Imprinting Rapid, irreversible learning Greylag goslings Ensures offspring
during a critical period. follow first moving recognize caregiver.
object (Lorenz).
Latent Learning without Rats exploring a Cognitive mapping
Learning immediate reinforcement, maze later use map for future use.
used later. to find food.
Insight Solving a problem mentally Kohler’s Flexible adaptation
Learning without trial-and-error. chimpanzees stack to novel challenges.
boxes to reach
banana.
Spatial Modification based on Digger wasp uses Efficient navigation
Learning experience with landmarks to locate and resource

environment layout.

nest burrow.

location.

Gene-Environment Interplay
The “nature vs. nurture” debate is outdated. All behaviour has a genetic basis but is modified by
environmental experience.

e Sand Wasp (Philanthus): Burrow-digging is innate, but locating burrow requires learning visual

landmarks.

e  White-crowned Sparrow Song: Genetic template exists, but full song requires acoustic
learning during a critical period (10-52 days). Social interaction with live tutor can modify

innate template.

e Cuckoos (Brood Parasites): Sing a fully genetically guided song (no opportunity to learn from

parents).

Epigenetics: Environmental factors can alter gene expression without changing DNA sequence,
influencing behaviour (e.g., maternal licking/grooming in rats affects stress response in offspring).
Orientation, Navigation, and Migration

Basic Movements

¢ Kinesis: Non-directional change in activity rate (e.g., woodlice move faster in dry areas).
e Taxis: Directional movement toward/away from a stimulus (e.g., phototaxis, chemotaxis).
Migration and Navigation
Migration: Periodic, long-distance movement between habitats.
e Ultimate Cause: Moving to favourable areas for feeding, breeding, or climate.
e Proximate Cause: Environmental cues (day length) trigger hormonal changes and restlessness.
Navigation Mechanisms:
1. Piloting: Using familiar landmarks.
2. Compass Orientation: Using cues to maintain direction.

o Sun Compass: With time compensation via circadian clock.

o Star Compass: Using constellations (e.g., indigo buntings use North Star).

o Geomagnetic Sensing: Detection of Earth’s magnetic field via magnetite or light-

sensitive molecules (cryptochromes in birds).

3. True Navigation: Requires compass sense + map sense (awareness of location). Experienced

migrants use true navigation; first-time migrants follow an innate vector.
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Example: Monarch butterflies migrate from North America to Mexico using a sun compass and
possibly geomagnetic cues.

Social Behaviour

Agonistic Behaviour & Dominance Hierarchies

e Agonistic Behaviour: Aggressive encounters over resources, often ending in ritualized

displays (e.g., giraffe necking).

e Dominance Hierarchies: Linear “pecking order” structures that reduce conflict (e.g., wolves,
chickens).

Territoriality

Active defense of a fixed area. Evolves when benefits (exclusive resource access, mating) > costs

(energy, injury risk).

Altruism and Its Explanations

Altruism: Behaviour that reduces actor’s fitness while increasing another’s.

1. Kin Selection (Hamilton’s Rule): Altruism evolves if it benefits relatives.

o Hamilton’s Rule: B > C, where r = coefficient of relatedness, B = benefit to
recipient, C = cost to actor.

o Example: Worker honeybees (sterile) raise sisters (r=0.75) rather than own offspring
(r=0.5).

2. Reciprocal Altruism: Helping non-relatives with expectation of future return. Requires stable

social groups, memory, and individual recognition (e.g., vampire bats sharing blood meals).

3. Sentinel Behaviour: May be selfish (early predator detection for own escape), as in meerkats.

Insect Societies (Eusociality)

Highly organized societies with cooperation, division of labour, and communication.

Honeybee Society:

e Queen: Sole reproductive female.

Workers: Sterile females; age-dependent tasks (nurse, builder, forager).

Drones: Males; mate with new queens.

Communication: Waggle dance encodes distance (duration) and direction (angle relative to sun)

of food.

Genetic Relatedness & Haplodiploidy:

e In Hymenoptera (ants, bees, wasps), males are haploid, females diploid.

e Sisters share ~75% of genes, favouring kin selection for sterile worker castes.

Exception: Termites are diploid and eusocial.

Mating Systems and Sexual Selection

Mating Systems
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Description Typical Context / Example
Monogamy One male, one female pair Common in birds (~90%); biparental care crucial.
bond.
Polygyny One male, multiple females. Common in mammals; males control
resources/territories.
Polyandry One female, multiple males. Rare; resource-rich environments (spotted

sandpipers, jacanas).

Promiscuity Multiple mates, no pair Common with external fertilization (chimpanzees).

bonds.

e Extra-Pair Copulations (EPCs): Occur even in socially monogamous species. Benefits:
males—more offspring; females—better genes or material aid.

Page 4|15
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e Alternative Mating Strategies: Genetically determined tactics (e.g., “sneaker” vs. territorial
males in fish; side-blotched lizard morphs).
Sexual Selection
A form of natural selection where certain inherited traits confer greater mating success.
e Intrasexual Selection: Competition within a sex (usually male-male combat).
o Intersexual Selection: Mate choice between sexes (usually female choice).
o Theories: Good Genes, Runaway Selection, Sensory Bias.
o Example: Peacock’s tail, stalk-eyed flies.
Communication
Transmission of information via evolved signals between sender and receiver.
Modes of Communication:
1. Chemical (Pheromones): Alarm, trail-marking, sex attraction (e.g., silkworm moth bombykol).
Visual: Displays, coloration, body language (e.g., honeybee waggle dance, threat displays).
Auditory: Calls, songs (e.g., bird songs, vervet monkey alarm calls).
Tactile: Touch, grooming (e.g., antennae touching in ants).
Electrical: Used by some fish (e.g., gymnotids) in murky water.
Vervet Monkey Alarm Calls: Demonstrate semantic specificity—distinct calls for different
predators (cagle, leopard, snake), each eliciting a different escape behaviour.
Biological Rhythms
Endogenously generated, cyclical patterns synchronized to environmental cycles by zeitgebers (e.g.,
light).

DR

Rhythm Type Cycle Length Example

Circadian ~24 hours Sleep/wake cycles.
Diurnal Day-active Honeybees.

Nocturnal Night-active Bats.

Crepuscular Dawn/dusk active Mosquitoes, fiddler crabs.
Circannual ~Yearly Migration, hibernation.
Lunar/Tidal Linked to moon/tides Grunion spawning.

Control: Internal biological clocks (e.g., suprachiasmatic nucleus (SCN) in mammals); clock
genes (e.g., per, tim in Drosophila) create molecular feedback loops.
Foraging Behaviour
Includes searching for, selecting, capturing, and consuming food.
e Optimal Foraging Theory: Natural selection favours behaviours that maximize net energy
intake per unit time, balancing food quality, handling time, and predation risk.
o Example: Shore crabs prefer intermediate-sized mussels offering the best energy return.
Animal Cognition
Involves acquiring, processing, and using information; suggests problem-solving and planning.
¢ Evidence: Chimpanzee tool use (termite fishing), raven insight problem-solving, octopus jar
opening, honeybee understanding of abstract concepts (“same” vs. “different”).
e Self-awareness: Tested via mirror self-recognition (great apes, dolphins, elephants, magpies).
e Numeracy and Memory: Clark’s nutcracker stores thousands of seeds and retrieves them
months later.
Behavioural Genetics
Explores hereditary contributions to behaviour.
e Artificial Selection: Breeding for behavioural traits (e.g., “maze-bright” vs. “maze-dull” rats).
e Single-Gene Effects:
o fosB gene in mice: Critical for maternal care.

Page 5|15
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o fruitless (fru) gene in Drosophila: Controls male courtship ritual.
o Vasopressin receptor gene (avprla) in voles: Differences explain monogamy (prairie
voles) vs. promiscuity (montane voles).
e Polygenic Traits: Most behaviours (e.g., aggression, learning) involve multiple genes and gene-
environment interactions.
Neuroethology and Physiological Bases
Study of the neural basis of natural behaviour.
e Rapid Responses: Specialized neural circuits (e.g., moth bat-detection, escape circuits in
crayfish).
¢ Hormonal Control:
o Testosterone regulates male aggression/courtship.
o Estrogen/progesterone control female mating behaviour.
o Glucocorticoids mediate stress responses.
e Neurotransmitters: Serotonin influences aggression; dopamine in reward pathways.
Applied and Advanced Contexts
Sociobiology
Applies evolutionary theory to social behaviour (pioneered by E.O. Wilson). Controversial when
applied to humans due to cultural complexity.
Cognitive Ethology
Studies animal consciousness, perception, and thinking.
Conservation Behaviour
Uses behavioural knowledge for wildlife management (e.g., migration corridors, mitigating human-
wildlife conflict, captive breeding programs).
Culture in Vertebrate Societies
Culture: Behaviour learned from group members and transmitted across generations.
e Examples: Orca pod-specific hunting techniques/dialects; chimpanzee tool-use traditions (nut
cracking); meerkats teaching pups prey-handling.
Vertebrate vs. Insect Societies

Feature Insect Societies (Eusocial) Vertebrate Societies
Structure Highly organized, cohesive colonies Less rigid, flexible, based on
with castes. individual relationships.
Altruism Extreme, with sterile castes (kin Common but less extreme;
selection/haplodiploidy). involves reciprocity & kin
selection.
Conflict Low within colony (high relatedness). Higher; competition for mates,
rank, resources.
Primary Largely genetic. Strongly shaped by ecology and
Influence learning.
Learning/Culture Minimal; pheromone-dominated. Significant; social learning and
culture important.
Exception - Naked mole rats: eusocial
vertebrates.

Behaviour and Evolution

Behavioural traits evolve by natural selection when:
1. Variation exists in behaviour.

2. Variation affects fitness.

3. Variation is heritable.

Page 6] 15
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¢ Phylogenetic Analysis: Reconstructs evolutionary history of behaviours (e.g., parental care in
poison dart frogs).

o Example: Western garter snake populations show genetically based prey preference (banana
slugs) matching local availability, indicating past natural selection.

Behavioural Syndromes (Animal Personalities)

Consistent individual differences in behaviour across contexts (e.g., bold vs. shy individuals).

Influenced by genetic and environmental factors, with fitness trade-offs.

Key Terms

Sign Stimulus / Releaser: Specific cue triggering an innate behaviour.

Fixed Action Pattern (FAP): Innate, stereotypic sequence.

Critical/Sensitive Period: Time window for specific learning (e.g., imprinting).

Kin Selection & Hamilton’s Rule: 7B > C.

Eusociality: True sociality with reproductive division of labour.

Proximate vs. Ultimate Causation: How vs. why.

Sexual Selection: Intersexual and intrasexual.

Biological Rhythms & Zeitgebers: Internal clocks and external synchronizers.

Animal Behavior: One Liner

e Animal behaviour is the scientific study of everything animals do, encompassing mechanisms,
functions, development, and evolution.

o Ethology is the biological study of animal behaviour in natural contexts, pioneered by Karl von
Frisch, Konrad Lorenz, and Niko Tinbergen (Nobel Prize, 1973).

e Comparative psychology emphasizes laboratory studies of learning, mechanisms, and cognition,
often using model species.

e The discipline of animal behavior gained recognition when the Nobel Prize was awarded to
ethologists von Frisch, Lorenz, and Tinbergen in 1973.

e Charles Darwin's pioneering book, The Expression of the Emotions in Man and Animals (1872),
mapped a strategy for behavioral research.

¢ Sociobiology was formalized with E. O. Wilson’s 1975 publication Sociobiology: The New
Synthesis.

e Behavioral ecology studies the evolutionary and environmental contexts of animal behaviors and
how they maximize reproductive success.

e Proximate causation explains zow a behavior occurs, concerning immediate mechanisms like
hormonal or neural processes.

e Ultimate causation explains why a behavior exists, concerning its evolutionary origin and
adaptive purpose.

¢ Tinbergen's Four Questions provide a complete biological explanation for any
behaviour: Causation (Mechanism), Development (Ontogeny), Function (Adaptation), and
Evolution (Phylogeny).

e "How" questions in behavioral biology concern proximate causation, studied experimentally.

e "Why" questions concern ultimate causation, answered using comparative and phylogenetic
methodology.

e A fixed action pattern (FAP) or stereotypical behavior is a motor pattern mostly invariable in
its performance, performed in an orderly, predictable sequence.

e A sign stimulus or releaser is a simple stimulus in the environment that triggers a certain innate
behavior.

o The egg-retrieval response of greylag geese is a classic example of a fixed action pattern.
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e In greylag geese, the egg outside the nest acts as a sign stimulus releasing the retrieval behavior,
which continues even if the egg is removed.

¢ Tinbergen found that male three-spined sticklebacks vigorously attacked any model with a red
stripe, identifying the red belly as a sign stimulus for aggression.

e Alarm calls of adult herring gulls release a crouching freeze response in their chicks.

¢ Nocturnal moths take evasive maneuvers when they hear ultrasonic cries of predatory bats, a
response released by that specific sign stimulus.

e Automatic preprogrammed responses are most efficient under relatively consistent and

predictable conditions.

A behavioral syndrome is a suite of correlated behaviors reflecting between-individual

consistency in behavior across multiple situations.

e In Drosophila melanogaster, some larvae are "rovers" (long-distance foragers) and others are
"sitters" (localized foragers), illustrating contrasting behavioral types within a syndrome.

e The rover larval type in D. melanogaster is genetically dominant over the sitter type as
alternative alleles at an autosomal locus.

o Innate or instinctive behaviors appear suddenly in an animal’s ontogeny without practice or

learning (e.g., orb-weaving in spiders, cricket courtship).

e Instincts, like morphology, are products of evolutionary change and remain subject to further

change by selection.

¢ Evolution of instincts can be conceived as a narrowing of behavioral repertoires so the nervous

system reinforces a particular subset of behaviors.

e Hygienic behavior in honeybees (Apis mellifera) is a classic example of simple Mendelian

transmission of behavioral traits.

e Hygienic behavior involves two independently assorting recessive genes: *u* for uncapping

cells and *r* for removing larvae.

e Hybrid lovebirds (4gapornis) show intermediate nest-building behavior (a mix of feather-

tucking and beak-carrying), which can be improved through learning.

Hereditary transmission of most innate behavior is pelygenic, involving many interacting genes

and environmental factors.

e Learning is defined as the modification of behavior through experience.

e Habituation is a decrease in response to a repeated, irrelevant stimulus (e.g., Aplysia decreasing

its gill-withdrawal reflex).

¢ Sensitization is an increased response to a stimulus, often following a strong or noxious event

(e.g., an electric shock sensitizing Aplysia's gill-withdrawal).

e In Aplysia, habituation involves diminished release of synaptic neurotransmitter from sensory

neurons.

o In Aplysia, sensitization requires action of facilitating interneurons that increase

neurotransmitter release.

¢ Imprinting is the imposition of a stable behavior in a young animal by exposure to particular

stimuli during a critical period in development.

e Konrad Lorenz first studied imprinting systematically using greylag goslings, which formed a
permanent attachment to him.

¢ Song learning in white-crowned sparrows requires hearing the species-specific song during
a critical period of 10 to 50 days after hatching.

e The brain of a white-crowned sparrow is constrained to recognize and learn only its species’
song, preventing maladaptive learning.
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e Social behavior is any interaction resulting from a response of one animal to another of the same
species.

e Benefits of sociality include cooperative defense from predators, improved foraging, enhanced
reproductive success, and information transmission.

e A disadvantage of social living is increased competition for resources like food and mates.

e Japanese macaques demonstrated cultural transmission when a young female, Imo, invented
potato-washing and wheat-sifting, behaviors learned by the troop.

e Agonistic behavior encompasses any activity related to fighting, including aggression, defense,

submission, or retreat.

Aggression is an offensive physical action, or threat, to force others to abandon resources.

e Most intraspecific aggression is ritualized to prevent serious injury (e.g., necking in giraffes,

lateral displays in fish).

¢ A dominance hierarchy ("peck order") is a social ranking that establishes priority of access to
resources, reducing constant conflict.

e In chickens (Gallus gallus), a linear peck order is established through aggressive pecking.

e Darwin described the principle of antithesis, where threat and appeasement displays are often

opposite in nature.

e A territory is a fixed area whose occupant excludes intruders of the same species.

o Territoriality is an alternative to dominance behavior and is beneficial when it ensures access to

limited resources.

¢ A home range is the total arca an individual traverses; it is not defended but may overlap with

others' ranges (e.g., baboon troops, elephants).

e Birds are conspicuously territorial; a male song sparrow defends a territory of about 0.3

hectares.

e Sea birds like gulls have very small nesting territories within a larger, undefended foraging area

at sea.

Monogamy is an association between one male and one female at a time (e.g., swans,

albatrosses).

e Polygamy is a general term for multiple mating systems.

¢ Polygyny is when one male mates with multiple females.

¢ Resource-defense polygyny occurs when males gain access to females by holding critical

resources (e.g., male bullfrogs defending high-quality territories).

o Female-defense polygyny occurs when females are aggregated and defensible (e.g., elephant seal

harems).

e Male-dominance polygyny occurs when females choose mates from male aggregations

at leks (e.g., prairie chickens, sage grouse).

e A lekis a communal display ground where males congregate to attract and court females.

e Polyandry is a system where one female mates with multiple males (e.g., Galapagos hawk).

¢ Certainty of paternity is a key factor influencing mating systems and parental investment

patterns.

e Altruistic behavior reduces an individual's own fitness while increasing the fitness of another.

¢ Kin selection, proposed by W.D. Hamilton, explains altruism directed toward genetically related
individuals.

e Hamilton’s Rule states altruism is favored if rB > C, where r=relatedness, B=benefit to
recipient, C=cost to actor.

e Inclusive fitness is the total number of an individual's alleles passed on due to its own
reproduction plus that of its relatives.

~ L

N
-
>
=.
=

=
o
&

-

JANOIAR

nZOm—~=-pXpdmRId

Page 9|15
MK PREPARATIONS: Let’s Make It Happen

+92 333 2605045, +92 342 4470091



L MK PREPARATIONS) .-

~ L

nZOm—~=-pXpdmRId

In haplodiploid Hymenoptera (ants, bees, wasps), sisters are related by 0.75, which can favor
sterile workers helping the queen.

Reciprocal altruism explains altruism among unrelated individuals based on the expectation of
future return (e.g., vampire bats sharing blood meals).

Belding’s ground squirrels give alarm calls more frequently when close relatives are nearby,
supporting kin selection.

An Evolutionarily Stable Strategy (ESS) is a behavior that, once established, cannot be
outcompeted by alternatives (e.g., ritualized aggression).

Animal communication involves the transmission of information via signals (visual, auditory,
chemical, tactile, electrical).

Compared to human language, animal communication consists of a limited repertoire of signals,
each conveying a fixed message.

Chemical sex attraction in moths is an extreme stereotyped communication; female silkworm
moths release bombykol to attract males.

Honeybees use a symbolic dance language to communicate food location.

The round dance indicates a food source less than 50 meters from the hive.

The waggle dance communicates both direction (angle relative to the sun) and distance (by
dance tempo) of distant food sources.

A waggle dance cycle lasts about 1.25 seconds for 100m, 3 seconds for 1000m, and 8 seconds
for 8 km.

Ritualized displays are behaviors modified through evolution to serve a clear communicative
function (e.g., sky-pointing in blue-footed boobies).

Animal cognition is a general term for mental functions, including perception, thinking, memory,
and problem-solving.

Chimpanzees like Washoe have been taught to use American Sign Language (ASL) to
communicate in sentences.

African grey parrots, like Alex, have demonstrated the ability to label objects by color, shape,
and material, and to count.

Evidence suggests animals have emotions, moral intelligence, and self-awareness.

Biological rhythms are endogenously generated cyclical patterns synchronized to environmental
cycles.

Circadian rhythms have a cycle of about 24 hours (e.g., sleep-wake cycles).

Circannual rhythms have a cycle of about one year (e.g., migration, hibernation).

Migration is a periodic, long-distance, two-way movement between habitats.

Orientation is the ability to follow a bearing (direction).

Navigation requires both a compass sense (direction) and a map sense (location).

Animals use solar cues, celestial cues, geomagnetic fields, and olfactory cues for navigation.
Foraging includes all activities involved in searching for, capturing, and consuming food.
Optimal Foraging Theory posits that natural selection favors foraging strategies that
maximize net energy intake per unit time.

Conservation behaviour uses behavioural knowledge to aid wildlife management (e.g.,
understanding migration corridors).

Neuroethology studies the neural basis of natural behaviour patterns (e.g., echolocation in bats).
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Practice MCQs

1. What is the primary focus of ethology as a
scientific discipline?

A) Laboratory studies of learning in model organisms
B) The study of animal behavior under natural
conditions

C) The evolutionary psychology of human behavior
D) Genetic mechanisms of behavior in controlled
settings

Answer: The study of animal behavior under
natural conditions

2. Which scientist is NOT one of the three
founders of ethology who shared a Nobel Prize?
A) Niko Tinbergen

B) Karl von Frisch

C) Ivan Pavlov

D) Konrad Lorenz

Answer: Ivan Pavlov

3. The question "What hormonal changes cause a
male sparrow to sing in spring?' addresses which
level of causation?

A) Ultimate causation

B) Phylogenetic causation

C) Proximate causation

D) Developmental causation

Answer: Proximate causation

4. The question "Why did territorial defense
behavior evolve in songbirds?'" addresses which
level of causation?

A) Ultimate causation

B) Proximate causation

C) Ontogenetic causation

D) Mechanistic causation

Answer: Ultimate causation

5. According to Tinbergen's four questions, which
category asks about the evolutionary history of a
behavior?

A) Causation

B) Development

C) Function

D) Phylogeny

Answer: Phylogeny

6. A stereotyped, innate sequence of behaviors
triggered by a specific stimulus and carried to
completion is called a:

A) Conditioned reflex

B) Fixed action pattern

C) Habituated response

D) Cognitive map

Answer: Fixed action pattern

7. In greylag geese, the sight of an egg outside the
nest acts as a to release the egg-retrieval

behavior.

A) Conditioned stimulus

B) Reinforcer

C) Sign stimulus

D) Imprinting cue

Answer: Sign stimulus

8. The rover and sitter behavioral types in
Drosophila larvae are an example of a:

A) Learned behavior syndrome

B) Cognitive bias

C) Behavioral syndrome

D) Conditional strategy

Answer: Behavioral syndrome

9. Which of the following best describes an
ultimate cause of migration in monarch
butterflies?

A) Changing day length triggers hormonal changes.
B) It allows access to milkweed plants for offspring
in warmer areas.

C) The sun compass provides directional orientation.
D) Fat stores provide energy for the long journey.
Answer: It allows access to milkweed plants for
offspring in warmer areas.

10. Hygienic behavior in honeybees, involving
uncapping cells and removing dead larvae, is
controlled by:

A) A single dominant gene

B) Cultural transmission

C) Two independently assorting recessive genes

D) Hormonal imprinting

Answer: Two independently assorting recessive
genes

11. When hybrid lovebirds show intermediate and
inefficient nest-building behavior, it demonstrates
the interaction between:

A) Instinct and learning

B) Classical and operant conditioning

C) Habituation and sensitization

D) Imprinting and navigation

Answer: Instinct and learning

12. A decrease in response to a repeated, irrelevant
stimulus is termed:

A) Sensitization

B) Imprinting

C) Habituation

D) Conditioning

Answer: Habituation

13. In the marine snail Aplysia, a strong shock to
the head can reverse habituation of the gill-
withdrawal reflex through a process called:

A) Classical conditioning

Page 11| 15

MK PREPARATIONS: Let’s Make It Happen
+92 333 2605045, +92 342 4470091

N
-
>
=.
=

=
o
&

-

JANOIAR




L MK PREPARATIONS) .-

~ L

nZOm—~=-pXpdmRId

B) Imprinting

C) Sensitization

D) Latent learning

Answer: Sensitization

14. The rapid, irreversible learning process that
occurs during a limited critical period early in life
is called:

A) Operant conditioning

B) Imprinting

C) Cognitive mapping

D) Habituation

Answer: Imprinting

15. Pavlov's dogs salivating at the sound of a bell
is a classic example of:

A) Operant conditioning

B) Imprinting

C) Classical conditioning

D) Insight learning

Answer: Classical conditioning

16. A rat pressing a lever to receive a food pellet is
an example of:

A) Classical conditioning

B) Operant conditioning

C) Imprinting

D) Habituation

Answer: Operant conditioning

17. What is the adaptive significance of biological
preparedness in learning?

A) It allows animals to learn any arbitrary
association.

B) It predisposes animals to learn ecologically
relevant associations quickly.

C) It prevents learning from occurring too rapidly.
D) It ensures all members of a species learn identical
behaviors.

Answer: It predisposes animals to learn
ecologically relevant associations quickly.

18. White-crowned sparrows must hear their
species' song during a critical period to sing
normally later. This illustrates:

A) A purely innate behavior

B) A purely learned behavior

C) An interaction of genetic template and learning
D) Cultural transmission only

Answer: An interaction of genetic template and
learning

19. Which brain region is considered the master
circadian clock in mammals?

A) Hippocampus

B) Suprachiasmatic nucleus

C) Amygdala

D) Cerebellum

Answer: Suprachiasmatic nucleus

20. The ability to follow a specific bearing using
cues like the sun or stars is known as:

A) Navigation

B) Piloting

C) Directional orientation

D) Cognitive mapping

Answer: Directional orientation

21. True navigation requires both a compass sense
and a:

A) Zeitgeber

B) Map sense

C) Social cue

D) Genetic template

Answer: Map sense

22. The theory that animals forage to maximize
net energy gain per unit time is called:

A) Optimal foraging theory

B) Risk-sensitive foraging

C) Central place theorem

D) Marginal value theorem

Answer: Optimal foraging theory

23. Which of the following is a potential cost of
social living?

A) Increased predator vigilance

B) Greater competition for food

C) Cooperative hunting

D) Cultural transmission

Answer: Greater competition for food

24. Chemical signals used for communication
within a species are called:

A) Hormones

B) Neurotransmitters

C) Pheromones

D) Allelochemicals

Answer: Pheromones

25. A linear ranking system that reduces
aggression within a group is a:

A) Territory

B) Lek

C) Dominance hierarchy

D) Social network

Answer: Dominance hierarchy

26. Defense of a fixed area from which conspecifics
are excluded is termed:

A) Home ranging

B) Territoriality

C) Dominance display

D) Agonistic behavior

Answer: Territoriality
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Chapter 28
Biological Molecules & Enzymes

Biochemistry is the branch of science that explores the chemical processes and substances occurring
within living organisms. It serves as the bridge between biology and chemistry, explaining life at a
molecular level.

Foundational Principles of Biochemistry

1. Cellular Basis: All biochemical processes occur within or are mediated by cells.

2. Hierarchy of Structure: Atoms — Small Molecules — Monomers — Polymers —
Supramolecular Complexes — Organelles — Cells.

3. Structure-Function Relationship: The three-dimensional shape of a biomolecule
(its conformation) is directly linked to its biological function. Denaturation (loss of shape) leads
to loss of function.

4. Metabolism: Living organisms transform energy and matter through a vast network of chemical
reactions (pathways).

5. Homeostasis: Biochemical systems are tightly regulated to maintain a stable internal
environment despite external changes.

6. Information Flow: Genetic information flows from DNA — RNA — Protein (The Central
Dogma). This information directs all cellular activities.

Metabolism
Metabolism is the totality of an organism's chemical reactions. It is an emergent property of life that
manages the material and energy resources of the cell through intricate, enzyme-catalyzed pathways.

Two Complementary Sides of Metabolism
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A Catabolism Anabolism (Biosynthesis)
R Core Concept | Breakdown pathways. Build-up pathways.
Energy Exergonic: Releases energy. Some is | Endergonic: Consumes energy. Driven
A Relationship captured as ATP; the rest is released by ATP hydrolysis.
as heat.
Redox Oxidative: Releases electrons, often | Reductive: Consumes electrons, often
T Relationship captured by carriers like NAD* from carriers like NADPH.
(forming NADH).
I Carbon Flow Complex molecules (carbs, fats) — Simple precursors (amino acids, sugars)
Smaller, simpler molecules (COx, — Complex macromolecules (proteins,
O lactate, ethanol). polysaccharides).
Primary Goal 1. Generate usable energy (ATP, 1. Synthesize cellular components for
N reducing power). growth and repair.
2. Create precursor metabolites for 2. Store energy for later use.
S biosynthesis.
Examples Glycolysis, Krebs (TCA) Cycle, - Protein synthesis, Glycogenesis, DNA
Oxidation of fats, Cellular Replication, Gluconeogenesis.
Respiration.

Laws of Thermodynamics in Biochemistry
Thermodynamics governs energy transformations in biochemical systems, determining whether
reactions can occur spontaneously.
The First Law: Conservation of Energy
o Statement: Energy can be neither created nor destroyed, only converted from one form to
another.
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fundamentally the controlled, stepwise oxidation of carbon (from C-H/C-C bonds to C=0
bonds in CO»), releasing energy captured as ATP.

e The Carbon Cycle: Carbon atoms are recycled through the biosphere. Autotrophs (plants) fix
inorganic carbon (CO2) into organic molecules (e.g., glucose via
photosynthesis). Heterotrophs (animals) consume and metabolize these organic molecules,
returning CO: to the atmosphere. This biogeochemical cycle is powered by carbon's chemistry.

N
carbon Organic . Functional  allow iw
Macromolecules = - = contain -
based molecules groups for w
K / s @
Polymers Nonpolymers a
J =
j * ; e EREEE 3
Carbohydrates Nucleic acids Proteins Lipids pecilic ¢ femlca i
properties ()
P | | | =
types monomers monomers types e
are oie | z
R | . | | | S
Simple Complex Nucleotides Amino o
E sugars I acids Triglycerides  Phospholipids Steroids (¢”)
| monomers I I ) e
example are function exhibit mmie of mao;e of function E
P ‘ fumction ‘ l " Glycerol & Glyceral, Membranes g
Glucose Simple Store Levels of 3 fatty 2 fatty acids &  and hormones
ﬁ sugars information structure acids polar head %
R Energy = Stuctre  DNA| RNA | contain  |— Primary  function function g
storage ‘ !
‘l 1 l—> Secondary Energy Membrane {5
A Nitrogenous base storage formation
Starch & Cellulose P!’]osphate | E
glycogen & chitin Ribose sugars o
T Z
L— Quaternary
() Carbohydrates
Carbohydrates are polyhydroxy aldehydes or ketones, or substances that hydrolyze to yield such
N compounds. They are the most abundant biomolecules on Earth and serve as central molecules in
biochemical pathways. Biochemically, they are defined by their empirical formula (CH20),, where n>3,
S though derivatives may contain nitrogen, sulfur, or phosphorus.

2. Sources & Biochemical Origin
Anabolism (Synthesis):
¢ Photosynthesis (Calvin Cycle): Occurs in the stroma of chloroplasts. Uses ATP and NADPH
from light reactions to fix CO: into 3-phosphoglycerate (3-PG), which is converted to triose
phosphates and eventually to glucose-6-phosphate and starch. The key enzyme is Ribulose-1,5-
bisphosphate carboxylase/oxygenase (RuBisCO).
¢ Gluconeogenesis: The 11-step pathway (largely a reversal of glycolysis with three bypass
reactions) that synthesizes glucose from non-carbohydrate precursors.
e Glycogenesis: The synthesis of glycogen from glucose-1-phosphate in liver and muscle cells,
regulated by glycogen synthase and branching enzyme.
Catabolism (Breakdown) & Dietary Sources:
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o Building blocks for polymers (e.g., glycogen, cellulose, chitin).
o Precursors for other biomolecules (e.g., ribose for nucleic acids).
Classification of Monosaccharides
Monosaccharides are classified based on three key features:
A. By the Number of Carbon Atoms

Carbon Count | Examples (Biologically Important)

3 Triose Glyceraldehyde (aldotriose), Dihydroxyacetone (ketotriose)

4 Tetrose Erythrose, Threose (intermediates in PPP)

5 Pentose Ribose (RNA), 2-Deoxyribose (DNA), Ribulose, Xylulose (PPP)
6 Hexose Glucose, Galactose, Mannose, Fructose

7 Heptose Sedoheptulose (intermediate in PPP and Calvin cycle)

9 Nonose Neuraminic acid (precursor of sialic acids)

B. By the Nature of the Carbonyl Group
1. Aldoses: Contain an aldehyde group (-CHO) at carbon 1 (C-1).
o General formula: H-(CHOH),-CHO
o Examples: Glyceraldehyde, Ribose, Glucose, Galactose.
2. Ketoses: Contain a ketone group (>C=0) at carbon 2 (C-2), typically.
o General formula: H-(CHOH),-CO-(CHOH),-H
o  Examples: Dihydroxyacetone, Ribulose, Fructose.
Conformational Structures
e Pyranose Rings: Adopt chair conformations (*C: or “C»).
o 'Ca4: The anomeric carbon (C-1) is axial.
o *Ci: The anomeric carbon is equatorial (more stable for D-sugars as bulky groups prefer
equatorial positions).
e Furanose Rings: Adopt envelope or twist conformations.

H o]
N
1C| 6 CH,0OH 5C|H20H
2
H—C—OH 5C O—H )
3| H /| H H /| H
HO —C—H \ /4 / \ £ /
4] — FOOH  H SN T ““COH H S
H—¢—OH /NI ./ o A
5| OH ¢ < OH ¢ 2 OH
A= o | | | |
Ho5C oH ¥ OH i OH

|
H

(a) Linear and ring forms. Chemical equilibrium between the linear and ring structures greatly favors
the formation of rings. The carbons of the sugar are numbered 1 to 6, as shown. To form the
glucose ring, carbon 1 (magenta) bonds to the oxygen (blue) attached to carbon 5.
Physical & Chemical Properties
Physical Properties

e State: Colorless, crystalline solids.

e Solubility: Highly soluble in water due to extensive hydrogen bonding via -OH groups.

e Sweetness: Varies; fructose > sucrose > glucose > galactose > maltose > lactose.

e Optical Activity: All monosaccharides (except dihydroxyacetone) are optically active, rotating
plane-polarized light. Specific rotation ([a]D) is a characteristic property (e.g., D-glucose =
+52.7° at equilibrium).

Chemical Properties

1. Reducing Sugars: All monosaccharides are reducing sugars because their anomeric carbon is

free (in equilibrium with the open-chain aldehyde or ketone form). They can reduce agents like:
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e Oxidoreductases
e Transferases
e Hydrolases

e Lyases
e Isomerases
e Ligases

Each main class is further divided into subclasses and sub-subclasses based on more specific details of the
reaction (e.g., the type of group transferred or the exact bond cleaved), leading to the full four-digit EC

number.
EC Class Name Type of Reaction Catalyzed Example (EC Number)
Class
EC1 Oxidoreductases Oxidation-Reduction (electron | Alcohol Dehydrogenase (EC 1.1.1.1) -
transfer). Oxidizes ethanol to acetaldehyde.
EC2 Transferases Group Transfer (moving Hexokinase (EC 2.7.1.1) - Transfers a
functional groups). phosphate from ATP to glucose.
EC3 Hydrolases Hydrolysis (bond cleavage with | Trypsin (EC 3.4.21.4) - Hydrolyzes peptide
water). bonds in proteins.
EC4 Lyases Non-Hydrolytic Pyruvate Decarboxylase (EC 4.1.1.1) -
Addition/Elimination (forming | Removes CO: from pyruvate.
or breaking double bonds).
ECS Isomerases Isomerization (intramolecular Triosephosphate Isomerase (TIM) (EC
rearrangement). 5.3.1.1) - Converts dihydroxyacetone
phosphate to glyceraldehyde 3-phosphate.
ECo6 Ligases Bond Formation Coupled to DNA Ligase (EC 6.5.1.1) - Joins DNA
ATP Hydrolysis (joining strands by forming a phosphodiester bond.
molecules).
transferred in — Energy — in cells Metabolism = involves
reqtln‘res 1
wly c(I:'lzlll':ilcaarl _ organized > Biochemical
Chenjlical ATP Enzymes = reactions fnto pathways
reactions I I
tmel don reer?:;?; rzf;ze; are types — Use energy
¥ l Anabolic —
Changes in ADP +P. Biological Build
free energy . catalysts molecules
define as k)\!fer Release
1 energy
‘ & Catabolic s
Exergonic or Endergonic Activation Break down
reactions reactions energy molecules
}
A(‘LO AG>0 bind are affected by
Release energy Require energy r _l
l l 'h_ Substrates
Spontaneous sponl:]ac:eous M't _1 pH | Temperature Inhibitors

Specificity and Change shape
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Functional Role

are transcribed into
mRNA and ultimately
translated into amino acid
sequences (proteins).

Based on Structural | B-DNA The classic, right-handed | Predominant form under physiological
Conformation double helix. ~10 base conditions. Standard model for genetic
pairs per turn. Hydrated, storage and function.
biologically most
common form.

A-DNA Shorter, wider right- Found in DNA-RNA hybrids and some
handed helix. ~11 base protein-DNA complexes. More compact
pairs per turn. Forms than B-DNA.
under dehydrating
conditions.

Z-DNA Left-handed double helix | Associated with gene regulation,
with a zigzag backbone. especially near promoter regions.
~12 base pairs per turn. Induced by negative supercoiling.
Forms in sequences with
alternating
purines/pyrimidines (e.g.,

GCGCGO).
Based on Coding DNA Sequences of genes that Makes up a small percentage of the

genome (~1-2% in humans). Directly
determines an organism's traits via
proteins.

Non-Coding

Sequences that are not

Comprises the vast majority of

DNA translated into proteins. eukaryotic genomes. Includes regulatory
Includes a variety of sequences, introns, and repetitive DNA.
functional and non-
functional elements.

Regulatory A subset of non-coding Acts as binding sites for transcription

DNA DNA that controls gene factors and other proteins to turn genes

expression (e.g.,
promoters, enhancers,
silencers).

on/off.

Based on Sequence

Unique (Single-

Sequences that appear

Forms the basis of genetic individuality

(e.g., satellite,
minisatellite,
microsatellite DNA).

& Location in Copy) DNA only once or a few times and codes for most functional products.
Genome in the genome. Includes
most protein-coding
genes.
Repetitive DNA | Sequences repeated Involved in chromosome structure,
hundreds to millions of evolution, and some diseases.
times throughout the
genome. Two main
classes:
* Tandem Short sequences repeated | Satellite DNA: Found at centromeres &
Repeats head-to-tail in clusters telomeres

(structural). Microsatellites: Used in
DNA fingerprinting.

* Interspersed
Repeats

Repeated sequences
scattered across the
genome, derived from
transposable elements

Makes up a large fraction of mammalian
genomes (~45% in humans). Can
influence gene expression and genome
evolution.
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¢ Ribozymatic Activity: The peptidyl transferase reaction (forming the peptide bond) is
catalyzed by the rRNA itself, not the ribosomal proteins.

¢ Ribosome Assembly: rRNAs act as a "backbone" around which ribosomal proteins assemble.
The three-dimensional structure creates distinct functional sites: A site (aminoacyl-tRNA
binding), P site (peptidyl-tRNA binding), E site (exit).

adenine

jj\)\ guanlne
NH,

5’ end

H
| phosphate
/
-CHy

- purine bases

-

H
deoxyribose
—
HOCH, OH ‘ cytosine
pyrimidine
H bases
HO OH
ribose (in RNA) thymine
(in DNA)
H N’H
/Lo
H
uracil (|n RNA) (I)

II1. Other Crucial Functional RNAs

Type Full Name Size & Structure Primary Function
snRNA Small 100-200 nt; complex with Key components of the spliceosome;
Nuclear proteins to catalyze the removal of introns from pre-
RNA form snRNPs ("snurps"). mRNA in eukaryotes.
snoRNA Small 60-300 nt; found in the Guide the chemical modification (e.g.,
Nucleolar nucleolus. methylation, pseudouridylation) of other
RNA RNAs, primarily rRNAs and tRNAs.
miRNA MicroRNA ~22 nt; form imperfect Gene regulation. Bind to complementary
duplexes with target mRNA. sequences in the 3'UTR of target mRNAs,
leading to translational repression or mRNA
degradation.
siRNA Small ~21-23 nt; form perfect Gene silencing. Derived from long double-
Interfering duplexes. stranded RNA, they guide the RISC
RNA complex to cleave complementary viral or
transposon mRNA. Also used in RNAi
technology.
IncRNA Long Non- >200 nt; diverse structures. Multifunctional regulators. Involved in X-
coding RNA chromosome inactivation, genomic
imprinting, chromatin remodeling, and
transcriptional regulation.
Catalytic - Varied (e.g., Group I/Il introns, | RNA molecules with enzymatic activity.
RNAs RNase P, Hammerhead They catalyze site-specific RNA cleavage,
(Ribozymes) ribozyme). splicing, or peptide bond formation (rRNA).

Historical Discoveries of Major Biological Molecules
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Chapter: 29
Cell Biology

Cell biology (cytology) is the interdisciplinary study of cell structure, function, and behavior, integrating
microscopy, biochemistry, genetics, and computational biology. The cell is the smallest unit capable of
performing all activities associated with life and serves as the fundamental structural and functional
unit of all living organisms. While the components of a cell cannot survive independently, the cell operates
as an integrated system, and groups of cells form tissues, organs, and organisms, demonstrating biological
complexity.

EIEIE Plasma membrane
material ™ hgve have™™
~ —
All cells
have’ hhc.'ve
Cytoplasm o “* Ribosomes

Cilia and

flagella

Archaea ‘ ,l
X . Extracellular .
} Prokaryotic cells Eukaryatic cells have e structures include Plant cell walls
Bacteria contain Animal
have no have have a extracellular
\ / I \ matrix
MNucleus Organelles
have Cytoskeleton ——I
surrounded by 3 types
including t ¥ [
Nuclear Actin Intermediate Microtubules
envelope filaments filaments
l— _1 t ¥ 1
Cell walls Flagella Mitochondria Chloroplast Endomembrane system
function allow function function made of J J l J
Maintain  Protection = Movement Cellular Photosynthesi End > lasmi Golgi  Lysosomes Vesicles Central
shape respiration reticulum | I | vacuole
function  function function function
Sort & ' 'l Storage &
package Digestion Transport water
protein balance
Rough ER Smooth ER ——|
| function
function )
Protein Lipid Calcium
synthesis synthesis storage
Cell Theory

The Cell Theory is the foundational principle of modern biology, formalized by Matthias
Schleiden (1838), Theodor Schwann (1839), and Rudolf Virchow (1855). August Weismann later
contributed the concept of common descent.
Salient Features of Modern Cell Theory:

e All living organisms are composed of one or more cells.

e The cell is the basic unit of structure, function, and organization in all organisms.

e All cells arise from pre-existing cells through cell division (Principle of Biogenesis).

e Cells contain hereditary material (DNA) passed from parent to daughter cells.
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Animal Cell (cutaway view of generalized cell)

Nuclear envelope: double
membrane enclosing the
nucleus; perforated by
pores; continuous with ER

ENDOPLASMIC RETICULUM (ER): network
of membranous sacs and tubes; active in
membrane synthesis and other synthetic

Flagellum: motility
structure present in
some animal cells, , -
composed of a cluster of | Rough ER smooth ER
microtubules within an | % - 7
extension of the plasma | |
membrane A

and metabolic processes; has rough

Centrosome: region |
where the cell’s y
microtubules are

initiated; contains a |\ g
pair of centrioles | *, \
; il

CYTOSKELETON:
reinforces cell’s shape;
functions in cell movement;
components are made of
protein. Includes:

[ Microfilaments |

Intermediate | |
filaments [

Microtubules |

Microvilli:
membrane | s
projections that [ -
increase the cell's | ™ ”
surface area

(ribosome-studded) and smooth regions
A

Peroxisome: organelle with
various specialized metabolic
functions; produces hydrogen
peroxide as a by-product and
then converts it to water

Mitechondrion: organelle where

cellular respiration occurs and
most ATP is generated

Prokaryotic vs. Eukaryotic Cells
Prokaryotic Cell

Feature

(Bacteria/Archaea)

Nucleolus: nonmembranous
structure involved in production
/| of ribosomes; a nucleus has

one or more nucleoli

~ NUCLEUS

Chromatin: material consisting
of DNA. and proteins; visible in
/| a dividing cell as individual
condensed chromosomes

Plasma membrane:
- membrane
b~ +
-+ | enclosing the cell

Ribosomes (small brown
dots): complexes that
make proteins; free in
cytosol or bound to
rough ER or nuclear
envelope

in synthesis, modification, sorting,

Golgi apparatus: organelle active
and secretion of cell products

organelle where
macromolecules are

\\\\{ Lysosome: digestive
hydrolyzed

Eukaryotic Cell (Protists, Fungi, Plants,
Animals)

Absent. DNA in a nucleoid region Present. DNA enclosed within a double-

Nucleus
(not membrane-bound). membrane nuclear envelope.
g{)elilrlll(;rane- Absent. (e.g., No mitochondria, ER, Present. Extensive compartmentalization (e.g.,
Organelles Golgi). ER, Golgi, lysosomes, peroxisomes).
Cell Size Generally small (0.5 — 5.0 pm). Generally larger (10 — 100 pm).
Primitive. Contains homologs of .

actin (MreB) and tubulin (FtsZ) for . Present. Complex, dynamic nej[work Of.

Cytoskeleton o microtubules, microfilaments, and intermediate
shape and division, but not a
filaments.
complex network.
' - n ) —— -
Ribosomes 708 (50S + 308 subunits). 80S in cytosol (60S + 40S). 70S in mitochondria
& chloroplasts.
Cell Division Binary Fission. Slmple' division Mitosis (for growth/repalr? or Meiosis (for
after DNA replication. gamete formation).

Single, circular chromosome. May Multiple, linear chromosomes complexed

DNA Form . . S, . .
have small circular plasmids. with histone proteins to form chromatin.
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e Clinical Relevance: Lysosomal Storage Diseases arc caused by inherited deficiencies of
specific lysosomal enzymes, leading to substrate accumulation. Examples: Tay-Sachs
disease (hexosaminidase A deficiency, GM2 ganglioside accumulation), Gaucher's
disease (glucocerebrosidase deficiency).

4. Vacuoles:
e Structure: Large, membrane-bound sacs. The membrane is called the tonoplast in plant cells.
o Types:

o Central Vacuole (Plant Cells): Can occupy up to 90% of cell volume. Contains cell
sap (water, ions, sugars, pigments like anthocyanins, and toxins). Maintains turgor
pressure for structural support.

o Food Vacuoles: Form by phagocytosis in protists (e.g., amoeba) and some animal cells.

o Contractile Vacuoles: Found in freshwater protists (e.g., Paramecium). Actively pump
out excess water for osmoregulation.

Energy-Transducing Organelles

1. Mitochondria:
e Discovery: Observed in the 19th century; named "bioblasts" by Altmann (1890), term
"mitochondrion" coined by Benda (1898).
e Structure: Double-membrane bound, dynamic organelles that fuse and divide.

o Outer Membrane: Smooth, contains porin proteins, making it permeable to small
molecules.

o Intermembrane Space: Between the two membranes.

o Inner Membrane: Highly folded into cristae, dramatically increasing surface area.
Contains proteins for the Electron Transport Chain (ETC) and ATP synthase (FoF:
complex). Impermeable to ions; requires specific transporters.

o Matrix: Innermost compartment. Contains mitochondrial DNA (mtDNA, circular), 70S
ribosomes, granules (Ca?*, phosphate), and enzymes for the Krebs (TCA) Cycle and f-
oxidation of fatty acids.

¢ Function: Site of aerobic cellular respiration and ATP synthesis via oxidative
phosphorylation (Chemiosmotic Theory, Peter Mitchell). Also involved in apoptosis (by
releasing cytochrome c), calcium homeostasis, and heme synthesis.
ribosomes

outer membrane
DNA matrlx

inner membrane

intermembrane

Fo portion @
F4 portion cristae

2. Chloroplasts (& other Plastids):

¢ Discovery: Described in plant cells in the 19th century.
e Structure (Chloroplast): Double-membrane bound.
o Intermembrane Space.
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e Endocytosis: Import. Phagocytosis ("cell eating” of solids), Pinocytosis ("cell drinking" of
fluid), Receptor-Mediated Endocytosis (highly specific, e.g., LDL-cholesterol uptake via
clathrin-coated pits).

e Exocytosis: Export. Vesicles from the Golgi fuse with the plasma membrane to release contents
(e.g., neurotransmitters, hormones, digestive enzymes).

Oligosaccharide Glycoproteins

~ L

[\
2
@
)
—
=)
i @
=
P
Q
'S
<

Hydmphobic proteins Phospholipid

o bcic Cholesterol

Peripheral
protein

Plant Cell Walls

e Primary Cell Wall: Flexible, thin. Contains cellulose microfibrils embedded in a matrix
of hemicellulose, pectin, and structural glycoproteins.

e Middle Lamella: Outermost layer, rich in pectin, glues adjacent plant cells together.

¢ Secondary Cell Wall: Deposited inside the primary wall in some cells (e.g., Xylem vessels,
fibers). Contains more cellulose and is impregnated with lignin for extreme strength and
waterproofing.

e Plasmodesmata: Cytoplasmic channels lined with plasma membrane that traverse cell walls,
connecting the cytosol of adjacent cells. Contain a central desmotubule (derived from ER).
Allow transport of water, small solutes, proteins, and even RNA (symplastic transport).

nZO—~—=p»pRXpPpoumE

Pectin =0 *RM'ddle
" Lamella
\
Cellulose
Microfibril L Primary
Cell Wall
Hemicellulose
) Plasma
L (Cell)
~ Membrane

Extracellular Matrix (ECM) of Animal Cells
A complex meshwork secreted by the cells.
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Chapter 30
Cell Cycle

Cell division is the fundamental process where a parent cell divides into two or more daughter cells.
Essential for:
e Growth & Development
o Tissue Repair & Renewal
¢ Reproduction (asexual & sexual)
Two main types in eukaryotes:
e Mitosis: Produces genetically identical somatic cells
e Meiosis: Produces genetically diverse gametes
Eukaryotic Chromosome Structure & Packaging
Chromosome Composition
e Made of chromatin = DNA + proteins (histones & non-histones)
o Histones (H2A, H2B, H3, H4): Positively charged proteins for DNA wrapping
¢ Non-histone proteins: Structural & regulatory functions

Levels of Chromatin Packaging

LD [IRD “0€

Level | Structure Description

1° Nucleosome 146 bp DNA wrapped around histone octamer (2 each: H2A,
H2B, H3, H4)

2° 30-nm Fiber Nucleosomes packed with linker histone H1

3° Looped Domains 30-nm fibers form loops attached to protein scaffold

4° Metaphase Chromosome Maximum condensation via condensin proteins

Chromosome Terminology

e Diploid (2n): Two sets of chromosomes
(human somatic cells: 2n=46)

e Haploid (n): One set of chromosomes (human
gametes: n=23)

e Homologous Chromosomes: Paired
chromosomes (one maternal, one paternal) with
same genes at same loci

e Sister Chromatids: Two identical copies of a
chromosome after S phase, held by cohesin

e Centromere: Constricted region where sister TV/

Cohesin
proteins

chromatids

,"’
.;‘;‘7“: Sister

Centromere
region of
chromosome

chromatids attach

¢ Kinetochore: Protein complex on centromere
for microtubule attachment

e Telomeres: Repetitive DNA sequences at
chromosome ends, prevent degradation

The Cell Cycle: Phases & Regulation

Cell Cycle Overview
Cyclic process between end of one division and beginning of next:
INTERPHASE (90% of cycle)
e The cell cycle is the ordered series of events that leads to cell growth and division into two
daughter cells.
e It ensures faithful duplication of genetic material (DNA) and equal partitioning into daughter
cells.
e Two main phases:

Kinetochore

Kinetochore
microtubules

Metaphase
chromosome

Page 1|14
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Meiosis, or sex cell division

cytoplasm nuclear aster
membrane
chromosome
nucleolus ;
nucleus  bivalent

At the onset of meiosis, DNA

strands thicken into chromosomes.

Homologous chromosomes pair
to form bivalents. The centrioles

Homologous, or like, chromosomes divide and move to opposite

begin to approach each other.

In early anaphase |, the tetrads

poles of the cell.

crossing
over

tetrad

The bivalents duplicate to form
tetrads, or four-chromatid groups.

The nuclear membrane disintegrates.
Crossing over (recombination) occurs.

In late anaphase I, the chromatids

separate, and the paired chromatids have almost reached the spindle

move along the spindle to their
respective centrioles.

Prophase Il begins. In the second
meiotic division, homologous
chromatids do not duplicate but
merely separate.

Mitosis vs Meiosis

poles. The cell membrane begins
to constrict.

In metaphase Il, the chromatids
line up at mid-cell. The centrioles
and asters are at the poles.

A spindle has formed.

In telophase |, nuclear membranes
enclose the separated chromatids.

The cell membrane completes its
constriction.

/QAQ\
4 b
S~Z2

In anaphase Il, the now-separated
chromatids approach their

respective poles. The cell membrane

begins to constrict.

In metaphase |, the tetrads,
attached to spindle fibers at
their centromeres, line up at
mid-cell.

LD [IRD “0€

The first meiotic division ends.
There are now two cells, each
with the same number of

chromatids as the parent cell.

Telophase Il has been completed.
There are now four cells, each
with half the number of
chromosomes of the parent cell.

Aspect Mitosis Meiosis 1 Meiosis 11 |
Purpose Growth, repair, asexual | Genetic diversity, Chromatid separation
reproduction chromosome reduction

Divisions 1 1 (of2) 1 (of 2)

DNA Replication Each cycle Once before meiosis None

Synapsis No Yes (Prophase I) No

Crossing Over No Yes (Pachytene) No

Metaphase Alignment Single chromosomes Homologous pairs Single chromosomes

Anaphase Separation Sister chromatids Homologous Sister chromatids
chromosomes

Kinetochore Attachment | Sister to opposite poles | Sisters to same pole Sisters to opposite

poles

Outcome 2 identical diploid cells | 2 haploid cells 4 haploid gametes
(chromosomes
duplicated)

Genetic Variation

None (except mutation)

High (crossing over,
independent assortment)

Maintains variation

Errors in Cell Division

Mitotic Errors
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Chapter: 31
Cellular Respiration

Cellular respiration is the enzyme-catalyzed catabolic process by which cells oxidize organic
molecules (primarily glucose) to carbon dioxide (CO:) and water (Hz20), capturing the released energy
in the form of adenosine triphosphate (ATP). It is the central energy-harvesting pathway, connecting the
metabolism of carbohydrates, lipids, and proteins. Nearly all (both autotrophs and heterotrophs)
perform cellular respiration to generate ATP for cellular work.
Overall Chemical Equation (Aerobic)

CegH1,04 + 60, = 6CO, + 6H,0 + Energy (ATP + heat)
In this exergonic reaction, glucose is oxidized and oxygen is reduced. The standard free-energy
change (AG) is approximately -686 kcal/mol, though under cellular conditions it can be as high as -720
kcal/mol. The primary goal is not heat production (as in combustion) but the stepwise, efficient capture of
energy into ATP's high-energy phosphate bonds.

Cellular Respiration
CgH;;0g + 60;— 6C0O, + 6H,0 + energy (heat and ATP)

] NAD" and duced - NADH and
Glucose — enters — Glycolysis —  FAD reduce FADH,
P ——— Oz _] Pyruvate oxidation |
absent I reactions oxidized
0, 1
present 0,
¥ Electron transport
COy — D?Xid::\'i’:?e - chain
Py | H,0
l’ creates
Fatty acids = B-oxidation » Acetyl-CoA _ l _
Proton ’
l P form of == Potential energy
ener .
co Citric acid Chemiosmosis =i f il || Oxu:latlve.
2 — or phosphorylation
cycle ¥
- o catalyzes = ADP + P—ATP
synthase

Fundamental Principles:
Oxidation-Reduction (Redox) in Metabolism
e Oxidation: The loss of electrons. In biological systems, this often occurs as dehydrogenation—
the removal of a hydrogen atom (1 e~ + 1 HY).
¢ Reduction: The gain of electrons, often involving the gain of hydrogen.
e These reactions are always coupled. The molecule that loses electrons (gets oxidized) is
the reducing agent; the molecule that gains electrons (gets reduced) is the oxidizing agent.
Role of Electron Carriers
Cells use diffusible coenzymes to shuttle high-energy electrons from oxidized substrates to other
pathways.
¢ Nicotinamide Adenine Dinucleotide (NAD"):
o Accepts 2 electrons and 1 proton (H*) to form NADH. The second H" is released into
the solution.
o Serves as the primary mobile electron carrier, delivering electrons from dehydrogenase
enzymes to the Electron Transport Chain (ETC).

MK PREPARATIONS: Let’s Make It Happen
+92 333 2605045, +92 342 4470091 1]15

W
=
®
()
—_—
=
—
<V
-
7
(97
N
=
i @
-
<)
PN
i @
=)
=




L MK PREPARATIONS) .-

~ L

nZO—~—-p» Xp>vmRI o

e Flavin Adenine Dinucleotide (FAD):

o A prosthetic group bound o n e o 1
to flavoproteins (e.g., succinate ‘"*‘""‘"ﬂ eltobisO Hes =TS
dehydrogenase). - 9 = n—¢

o Accepts 2 electrons and 2 protons to ! (I K L
form FADH.. : W Ho T W weow |

o Feeds electrons into the ETC at a L)I‘\y“ o—i=0 /fi”\}“ o—i=o
lower energy level than NADH, Do HH—>0 L o
resulting in less ATP production. 0 i i h

e Other Carriers in the ETC: Include FMN
(Flavin Mononucleotide), Ubiquinone

HO  HO

sbimsnitosin to ot beoubsef (HUA/

HO  HO
sbimsnitodin to rmiot bexsibixO *UA/

(Coenzyme Q), Cytochromes (cyt b, ¢, a, as), and Iron-Sulfur (Fe-S) proteins. All undergo

reversible redox reactions.
ATP as the Universal Energy Currency
e ATP stores energy in
its phosphoanhydride
bonds (between the phosphate
groups).
¢ Hydrolysis of ATP to ADP + Pi
releases about 7.3 keal/mol under
standard conditions, which can be
coupled to drive endergonic cellular
work (biosynthesis, transport,
mechanical movement).
e The ultimate objective of respiration
is the continuous regeneration of
ATP from ADP and inorganic
phosphate (Pi).
Stages and Cellular Locations of Aerobic
Respiration
Respiration occurs in four sequential stages:

aerobic respiration.

An overview of

Stage Location Main Inputs (Per ~ Main Outputs ATP Production
g (Eukaryote) Glucose) (Per Glucose) Mechanism
2 Pyruvate, 2
+ > _
1. Glycolysis Cytosol Gllzlcz]s)ef) ilj?)? ? NADH, 2 ATP sﬁ(l::tllﬁ)t: {;et;’:;
(net), 2 .0 phory
2. Pyruvate Mitochondrial 2 Pyruvate, 2 2 Acetyl-CoA, 2 None (Redox
Oxidation Matrix CoA, 2 NAD* CO., 2 NADH only)
3. Citric Acid . . 2 Acetyl-CoA, 6 4 CO2, 6 NADH,
Cycle M“gjg;?fnal NAD*, 2 FAD,2 | 2 FADH,, 2 ATP sl‘l'z’:tf::{;etr:;
(Krebs/TCA) ADP + 2 Pi (or GTP) phory
4. Oxidative  dnner 10 NADH, 2 | 11,0, NAD", FAD, Oxidative
Phosphorvlati Mitochondrial FADH:, O2, ADP 5628 ATP Phosphorylation
osphorylation Membrane + Pi (Chemiosmosis)

e Prokaryotes: All stages occur in the cytosol, with the ETC embedded in the plasma membrane.

Stage 1: Glycolysis (The Splitting of Sugar)
General Features

e Auniversal, 10-step enzymatic pathway occurring in the cytosol.
e Anaerobic; does not require O.. Common to aerobic respiration, anaerobic respiration, and

fermentation.
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Citric Acid Cycle
(SLP) 2 ATP (GTP) 2 ATP
Citric Acid Cycle —
(NADH) 6 NADH 2.5x6=15ATP
Citric Acid Cycle _
(FADH.) 2 FADH: 1.5x2=3 ATP
TOTAL (Range) ~30-32 ATP
Overall Efficiency

e Complete oxidation of 1 mol glucose releases ~686 kcal.

e Stored in ATP: 30-32 mol ATP x 7.3 kcal/mol = 219-234 Kkcal.

o Efficiency = 34%. The remaining energy is released as heat, which is vital for endotherm
thermoregulation (e.g., mammals, birds).

~ L

Glycolysis i—v- 1ATP

| NADH | E— Glucose

Pyruvate
Oxidation
Acetyl-Col
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Regulation of Aerobic Respiration
Control occurs via feedback inhibition at key irreversible steps, responding to the cell's energy charge
([ATP]/[ADP]) and metabolite levels.

Pathway Key Regulatory Enzyme Inhibitors (High Activators (Low
: . . i Energy) Energy)
Glycolysis Phosphofructoll;mase-l (PFK- ATP, Citrate AMP, ADP, F2,6BP
Pyruvate Pyruvate Dehydrogenase ATP, NADH, Acetyl- )
Oxidation Complex CoA AMP, NAD", CoA
Citric Acid Citrate Synthase, Isocitrate ATP, NADH ADP, Ca*
Cycle DH
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Chapter 32

Classical Genetics

¢ Genetics is the scientific study of heredity (transmission of traits from parents to offspring)
and variation (differences among individuals).

e Inheritance, the process encompassing both heredity and variation, is crucial for evolution and
speciation.

¢ Since genes control heredity and variation, genetics is fundamentally the study of genes.

e Molecular Basis: A gene is a specific DNA sequence that codes for a polypeptide

via transcription (DNA to mRNA in nucleus) and translation (mRNA to protein at ribosome).

Gene — Basic unit of heredity; a segment of DNA coding for a polypeptide/trait. (Example: The

gene for flower color in peas.)

e Allele — Alternative form of a gene at the same locus. (Example: The alleles for purple (P) or

white (p) flowers.)

Locus — Specific position of a gene on a chromosome.

Genotype — Genetic makeup of an individual. (Example: PP, Pp, or pp.)

Phenotype — Observable expression of a trait. (Example: Purple or white flowers.)

Homozygous — Having two identical alleles for a gene. (Example: PP or pp.)

Heterozygous — Having two different alleles for a gene. (Example: Pp.)

Hemizygous — Having only one allele for a gene (e.g., X-linked genes in males).

Wild type — Most common phenotype in natural populations.

Mutant phenotype — Trait alternative to wild type.

Gene Pool — All alleles present in a breeding population at a given time.

Law of Segregation (Principle of Segregation) — Alleles separate during gamete

formation. (Mendel's pea plant experiments.)

Law of Independent Assortment — Genes for different traits assort independently during gamete

formation.

P generation — Parental generation.

F.1 generation — First filial generation.

F: generation — Second filial generation.

True-breeding (Pure breeding) — Organisms that produce identical offspring when self-

fertilized.

e Monohybrid cross — Cross involving one trait. (Example: Crossing pure-breeding tall and dwarf
pea plants.)

e Dihybrid cross — Cross involving two traits. (Example. Crossing plants differing in seed shape
and color.)

e Testcross — Cross between an individual with unknown genotype and a homozygous recessive
individual.

e Complete Dominance — One allele completely masks the other. (Example: Mendel's pea traits.)

e Incomplete dominance — Heterozygote shows an intermediate phenotype. (Example: Pink
flowers from red and white snapdragons.)

e Codominance — Both alleles are fully expressed in the heterozygote. (Example: AB blood type;
speckled chicken feathers.)

e  Multiple alleles — More than two alleles exist for a gene in a population. (Example: ABO blood
group alleles: I, I?, i.)

e Pleiotropy — One gene affects multiple traits. (Example: Sickle cell allele affects hemoglobin, red
blood cell shape, and causes anemia.)
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4{ Form Antigen A
4{ Form Antigen B
4{ Form No Antigen

Gene I

on Chromosome 9

ABO Blood Group System
Blood Type Genotype Antigen on RBC Antibody in Plasma
A IAIA) M A antigen Anti-B
B IBIB, IBi B antigen Anti-A
AB IAIB A & B antigens None
0] ii None Anti-A & Anti-B

e C(Clinical Relevance:
o Universal Donor: Type O

negative (lacks A, B, and Rh D
antigens). Red bood #

o Universal Recipient: Type AB
positive (lacks anti-A, anti-B

Group A Group B Group AB Group O

antibodies). a L a0 A e SISV
. . Antibodies ) S W S Ay e
¢ Bombay Phenotype (Epistasis in plasma Ay o e A
Example): Individuals homozygous Anti-B Anti-A None Anti-A and Anti-B
recessive for the H gene (44) cannot Antigens in ’ ’ 1
red blood
produce the H substance (precursor for cell Aantigen | B antigen Aand B None

antigens

A/B antigens). They phenotypically appear
as type O even with A & B alleles, and have anti-H antibodies in plasma.
Erythroblastosis Fetalis

o Genetics: Primarily controlled by the D antigen (Rh factor). D allele (dominant)
produces the antigen; *d* allele (recessive) does not. Gene: D on chromosome 1.

o Rh+: DD or Dd.

o Rh-:dd.

¢ Erythroblastosis Fetalis (Hemolytic Disease of the Newborn - HDN):
o Cause: Maternal-fetal Rh incompatibility (Rh- mother with Rh+ fetus).
o Mechanism (Antigen-Antibody Reaction):
= First Rht fetus: Fetal RBCs enter maternal circulation during delivery,
sensitizing mother to produce anti-Rh IgG antibodies.
»  Subsequent Rh+ pregnancy: Maternal antibodies cross placenta, destroying fetal
RBCs.

o Consequences: Severe hemolytic anemia, jaundice, kernicterus (brain damage from
bilirubin), edema, hydrops fetalis, possible heart failure or death.

o Prevention: Administer Rh immunoglobulin (RhoGAM) to Rh- mother at 28 weeks
gestation and within 72 hours after delivery of an Rh+ baby. Clears fetal cells before
maternal sensitization.

o Treatment (for affected newborn): Phototherapy for jaundice, exchange
transfusion with Rh- blood.

Other Examples of Multiple Alleles
1. Rabbit Coat Color (C gene):
o Alleles: C (full color) > ¢ (chinchilla) > ¢" (Himalayan) > *c* (albino).

MK PREPARATIONS: Let’s Make It Happen
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= Interpretation: Both functional gene products are needed for pigmentation.

cP Cp cP cp

" A P CCPP | CCPp | CcPP | CePp
Purple | Purple | Purple | Purple
White varlety #1 White variety #2
(com ki CCPp | CCpp | CcPp | Cecpp
Fy generation e Purple | White | Purple | White
{ b \
{ 10 %4 CePP | CePp | ccPP | ccPp
4 " Purple | Purple | White | White
M All purple
(CePp) - CcPp | Cepp | ccPp | cepp
K Purple | White | White | White

l Self-fertilization

9C P_:3C_pp:3ccP_:1cepp

purple white

¢ Duplicate Dominant Epistasis (15:1 Ratio): A dominant allele at either locus is sufficient to
produce the phenotype. The phenotype only appears if both loci are homozygous recessive.
o Example: Seed capsule shape in shepherd's purse.
= Gene A or B: A or B_ = Triangular capsule.
= Double recessive: aabb = Ovoid capsule.

i Triangular Ovoid ?

P AA BB X aa bb
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Gametes AB ab

E | Triangular Triangular i

1 AaBb X  AaBb

Male gametes
F, AB Ab aB ab

AB %ABB Y}MB{J YA&BB YA&B{J
5 [ Wanoo | Waneo | Yaezo| Yauco
Female
gametes
aB Y‘.aas Y‘iasb V@asa Yaasb
ab YAHBb YA&M Va&ﬂb ?aab\b

(b) Summary: 15/16 triangular, 1/16 ovoid
2. Complementary Gene Action
A subset of epistasis where two genes work together to produce a single trait. The classic 9:7 ratio is a
prime example (as in sweet peas above).
3. Suppression
A specific type of interaction where one gene (suppressor gene) reverses the effect of a mutation at
another locus, often restoring the wild-type phenotype.
o Example: In Drosophila, a mutation causing abnormal bristles can be suppressed by a mutation
in a second, unrelated gene, leading to normal-looking flies.
4. Modifier Genes
Genes that alter the expression or severity of a phenotype caused by a major gene, but do not determine
the trait's presence/absence.

nZO—~—-p» Xp>ovmRI o
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Inheritance
Mendelllan Methods Extension to
genetics Mendel
I | |
types or‘I crosses include include
| |
Monohybrid ) Dihybrid Punnett Environmental Phenotypic
Dominant — e
Cross J: cross square factors variation
fgene Recessive oeness | IEENEEE. . S |, Quantitative Continuous
genotypes traits variation
3:1 ratio 9:3:31 ratlo Multiplication
rule . 1gene
demonstrates demonstrates —» Probability g T many traits
|—> Segregation=of= Alleles Adrduréon
| Independent due Random Lzl
are either assortment to alignment == Dominance
,}_I_* Codominance
Homozygous Heterozygous
Gene R
interactions S
Practice MCQs
1. What is the basic unit of heredity that 4. The complete set of all alleles present in
codes for a functional product like a all individuals of a breeding population at
protein? a given time is the:
A) Allele A) Genome
B) Locus B) Karyotype
C) Gene C) Gene pool

D) Chromosome
Answer: Gene
2. The specific physical location of a gene on 5.
a chromosome is called its:
A) Allele
B) Genome
C) Locus
D) Phenotype
Answer: Locus
3. Alternative forms of the same gene that 6.
occupy corresponding loci on homologous
chromosomes are known as:
A) Genotypes
B) Phenotypes
C) Alleles
D) Linkage groups
Answer: Alleles

MK PREPARATIONS: Let’s Make It Happen
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D) Genotype frequency

Answer: Gene pool

The genetic constitution of an organism
for a particular trait is its:

A) Phenotype

B) Allele

C) Genotype

D) Karyotype

Answer: Genotype

The observable characteristics resulting
from genotype and environment define
the:

A) Genotype

B) Allele

C) Phenotype

D) Locus

Answer: Phenotype
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Chapter 33

e They constitute the chemical basis of heredity and direct cellular metabolism.

Molecular Genetics
Nucleic Acids: Fundamental Units of Heredity

¢ Nucleic acids are linear, unbranched polymers of nucleotides that serve as the primary
information-carrying molecules in all living organisms and viruses.

o Historical Perspective: Initially, proteins were favored as genetic material due to their chemical
complexity. The series of key experiments established DNA as the universal genetic material.

Landmark Experiments Proving

Experiment
(Year)
Transformation
(1928)

Scientists

Frederick Griffith

DNA as Genetic Material

Key
Organism/System
Streptococcus
pneumoniae strains
(S-virulent, R-
avirulent)

Method &
Findings
Heat-killed S + live
R — mice died;
live S recovered.

Conclusion

A "transforming
principle" transferr
ed genetic traits.

ray data to build a
molecular model.

Identification of Oswald Avery, Colin | S. pneumoniae Purified DNA is the
Transforming MacLeod, Maclyn components; only transforming
Principle (1944) McCarty DNA fraction substance and
caused hereditary
transformation; material in bacteria.
DNase destroyed
activity.
Hershey-Chase Alfred Hershey, Bacteriophage T2 Radioactive DNA, not protein,
(1952) Martha Chase & E. coli labeling: 32P is the genetic
(DNA) entered material that enters
bacteria; 3°S host cells.
(protein) remained
outside.
Chargaff's Rules Erwin Chargaff Multiple species Chemical analysis | A=T, G=C;
(1949) of DNA base (A+G)=(T+C); base
composition. ratios are species-
specific.
X-ray Diffraction | Rosalind Franklin, DNA fibers Produced "Photo Provided critical
(1950-53) Maurice Wilkins 51": helical data for double helix
structure, 2 nm model.
diameter, 3.4 nm
repeat, 0.34 nm
between bases.
Double Helix James Watson, N/A Combined Proposed
Model (1953) Francis Crick Chargaff's rules the antiparallel
and Franklin's X- double helix with

specific A-T and G-
C pairing.

Central Dogma of Molecular Biology
Original Concept (Crick, 1958): DNA — RNA — Protein
Revised Concept: Includes exceptions:

¢ Reverse transcription (RNA — DNA) by retroviruses (e.g., HIV)

e RNA replication in RNA viruses

e Catalytic RNA (ribozymes) showing RNA — function directly
CHEMICAL ARCHITECTURE OF NUCLEOTIDES AND NUCLEIC ACIDS
Nucleotide Components

MK PREPARATIONS: Let’s Make It Happen
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Specialized DNA Structures

e Telomeres: TTAGGG repeats in vertebrates + shelterin complex.

o Function: Prevent end-to-end fusion, solve end-replication problem.
o Telomerase: Ribonucleoprotein (TERT + RNA template); active in germ cells, stem

cells, cancer cells.

e Centromeres: CENP-A (centromere-specific histone H3 variant) + repetitive DNA (alpha-

satellite).
e Mitochondrial DNA (mtDNA):

o Circular, dsDNA,
maternal inheritance.

o High mutation rate (lack
of histones, less efficient
repair).

o Used in forensics,
phylogenetics,
population
genetics (e.g., human
evolutionary studies). @

" . that forms laaps averaging

e Chloroplast DNA ] 300 ren nlength. ‘

(cpDNA): Circular, found in
plants/algae.
DNA Denaturation & Renaturation
e Denaturation (melting): Strand
separation by heat, pH extremes,
chemicals. &

g e TFererr

™

1)

"~ Atthe simplest level, chramatin
is a double-stranded helical
structure of DNA.

. "
i Ml A 1

DNA is complexed with histanes
to form nucleosomes.

250-nm-wide fiber

TDU A

5agd ie

o Melting temperature
(Tm): Dependent on G-C

The 300-nm fibers are
compressed and folded to
produce a 250-nm-wide fiber.

content (higher G-C = higher Tm).

1 Each nucleosome consists of ‘

Nuclegsome core of
eight histone molecules

F H1 histone

\ (( iy

DMA double helix

eight histone proteins around
which the DNA wraps 165 times.

" A chiomatasome cansists
of a nudeosome plus the
H1 histone.

hromatoseme

T The nucleosomes
fold up to produce
a 30-nm fiber..
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1400 nm

3

“Tight coiling of the 250-nm
fiber praduces the chromatid
of a chromosome,

¢ Renaturation (annealing/ hybridization): Complementary strands reassociate.
o Applications: Southern blot, PCR, DNA microarray, FISH.
RIBONUCLEIC ACID (RNA): STRUCTURE, DIVERSITY AND FUNCTIONS

General Features

e Typically single-stranded, but forms complex secondary/tertiary structures (stem-loops,

hairpins, pseudoknots).

¢ Contains ribose sugar with 2'-OH (makes RNA more chemically reactive).

e Base pairing: A-U, G-C; also non-canonical pairs (e.g., G-U wobble).

Major Classes of RNA
RNA Type Size/Structure Function Key Features

mRNA Variable; monocistronic Carries genetic code from | Eukaryotic pre-mRNA
(eukaryotes) or DNA to ribosome. processing: 5' cap, 3'
polycistronic poly-A tail, splicing.
(prokaryotes)
tRNA 73-93 nt; cloverleaf 2D — | Adapter in translation; Anticodon pairs with
L-shaped 3D brings correct amino acid. | codon; 3'-CCA for amino
acid attachment.
rRNA Largest RNA component | Catalytic & structural Peptidyl transferase
core of ribosome. activity resides in
23S/28S rRNA
(ribozyme).
CHROMOSOMES: STRUCTURE, CLASSIFICATION AND FUNCTION
MK PREPARATIONS: Let’s Make It Happen
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l Genetic material =——— if damaged ———— DNA repair
DNA structure DNA replication =——————- Components damage
I caused by
5-carbon '; ‘l
sugar ) Mutagens ( )
Semi- Prokaryotic include ( )
M = monomers = Nucleotides Phosphate conservative replication I °
[< Nitrogenous single —»- Origin pf many = Euk:taryqtic z
described as base replication replication o
po—
\ J | (93
Phosphodiester simple —» Replication = complex Telomerase e
Double backbone fork :
helix ]
Watson & ”
Crick model is i
Complementary Primase ~— synthesis Is H
Antiparallel bases i

strands < )
Helicase ~— Semidiscontinuous Leading strand o
held together by DNA ‘ | :
l polymerases utilizes (¢~}
| =-
. A=T : . . : e
Base-pairing e c=G DNA ligase -«=—=contains = Replisome Lagging strand 7,

Okazaki

fragments

TRANSCRIPTION: DNA-DIRECTED RNA SYNTHESIS
Transcription is the enzyme-catalyzed process by which the nucleotide sequence of a gene on the DNA
template strand is copied into a complementary RNA molecule (mRNA, tRNA, rRNA, or other non-
coding RNA). It is the first step of gene expression, where specific genetic information is selected and
made accessible for translation or functional use.
Central Dogma of Molecular Biology
The fundamental principle describing the flow of genetic information:
DNA — RNA — Protein
e Transcription accomplishes the DNA — RNA step.
e Translation (protein synthesis) accomplishes the RNA — Protein step.
¢ Important Notes: The dogma is unidirectional under normal cellular conditions (information
does not flow from protein back to RNA or DNA). Exceptions exist (e.g., reverse transcription in
retroviruses: RNA — DNA).
Role of Transcription in Gene Expression
e Primary Control Point: Transcription is the most critical and highly regulated stage in
determining when, where, and how much of a gene product is made. Regulation occurs through
transcription factors, promoters, and enhancers.
o Selective Activation: In any given cell, only a specific subset of genes is transcribed, defining the
cell's identity and function (e.g., insulin is transcribed in pancreatic f-cells but not in neurons).
e Amplification: A single gene can be transcribed repeatedly, producing many RNA copies, which
allows for efficient protein synthesis.
2. Basic Features of Transcription
Template Strand vs. Coding Strand (Sense/Antisense Strands)

MK PREPARATIONS: Let’s Make It Happen
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e The polymerase catalyzes the formation of the first phosphodiester bond between them. This
is abortive initiation—the polymerase synthesizes very short (2-9 nt) RNAs and releases them
multiple times before successfully "escaping" the promoter.

e Promoter Clearance/Escape: Once a short RNA (~10 nucleotides) is synthesized, the
polymerase undergoes a conformational change. In prokaryotes, the ¢ factor often dissociates. In
eukaryotes, most GTFs are released, and the phosphorylated CTD recruits RNA processing
factors. The polymerase now transitions to the stable elongation complex.

B. Elongation: Processive RNA Synthesis
The polymerase moves along the DNA, elongating the RNA chain.
1. Addition of Ribonucleotides

e RNA polymerase adds rNTPs to the 3'-OH end of the growing RNA chain in the 5'—3'
direction, following complementary base pairing (A-U, G-C).

e The incoming rNTP is selected based on its complementarity to the DNA template strand.

2. Movement of RNA Polymerase Along DNA

e The polymerase translocates downstream by one base pair for each nucleotide added.

¢ The transcription bubble (~12-14 bp of unwound DNA) moves with the polymerase. Ahead of
the bubble, the DNA is unwound; behind it, the DNA template and the newly synthesized RNA
strand re-anneal, displacing the RNA.

e Supercoiling: Positive supercoils ahead of

~ L

)
el
=
Jo—
(€%
)
=
e
o
H
Q
o
=
(¢~}
PN
i @
(o
17!

the bubble and negative supercoils behind E:‘:‘merase
are resolved by topoisomerases.
3. Formation of RNA Transcript Start site
e The RNA-DNA hybrid within the bubble
is ~8 bp long.

e The nascent RNA exits the polymerase
through a dedicated exit channel.

e In eukaryotes, co-transcriptional
processing begins immediately: the 5" end
is capped, and splicing factors associate
with the phosphorylated CTD tail of the
polymerase.

C. Termination: Ending Transcription
The process stops, and the RNA transcript and

polymerase are released. Template strand
1. Termination in Prokaryotes SOTRLS
¢ Rho-Independent Termination 5 \ N Tiehstnprar bubibles
(Intrinsic):

o The RNA transcript forms a stable GC-rich hairpin (stem-loop) structure.

o This is followed by a stretch of ~6-8 Uracil (U) residues in the RNA (from an A-rich
template).

o The hairpin causes polymerase to pause, and the weak A-U base pairs between the RNA
poly-U tail and DNA poly-A template lead to spontaneous dissociation of the RNA and
polymerase.

¢ Rho-Dependent Termination:

o Rho protein, an ATP-dependent helicase, binds to specific Rho-utilization (rut) sites on
the nascent RNA.

o Rho translocates along the RNA, catches up to the paused polymerase, and uses helicase
activity to unwind the RNA-DNA hybrid, releasing the transcript.

2. Termination in Eukaryotes (RNA Polymerase II)
o Polyadenylation Signal-Dependent:

MK PREPARATIONS: Let’s Make It Happen
+92 333 2605045, +92 342 4470091 Page 17| 39

nZO—~—-p» Xp>vmRI o



L MK PREPARATIONS) .-

Polymerase o
= movement

RNA POLYMERASE

Nucleatide being added

\ 7 tothe 3’ end of the ANA

¥ g
NTPs

~ L

RNA-DNA
hybrid region

TRANSLATION: PROTEIN SYNTHESIS
1. Introduction
Definition of Translation
Translation is the biological process in which the sequence of codons in a messenger RNA (mRNA)
molecule is decoded to specify the sequence of amino acids in a polypeptide chain (protein). It is
the second stage of gene expression, following transcription, where the genetic information encoded in
nucleic acids is converted into the functional molecules of life.
Role of Translation in Gene Expression
e Execution Phase: Translation is the executive step where the genetic blueprint (mRNA) is used
to synthesize the actual functional products—proteins.
Regulation Point: While transcription is the primary control point, translation is also highly
regulated, allowing cells to rapidly fine-tune protein production in response to immediate needs
(e.g., stress, signals) without altering mRNA levels.
¢ Protein Homeostasis: Controls the quantity, location, and timing of protein synthesis, which is
critical for all cellular processes, from metabolism and structure to signaling and defense.
Central Dogma of Molecular Biology
Translation is the final step in the core flow of genetic information:
DNA — (Transcription) — RNA — (Translation) — Protein
¢ DNA stores the genetic information.
e Transcription copies this information into a mobile RNA format (mRNA).
e Translation interprets the RNA code to assemble a specific protein. This flow
is unidirectional under normal cellular conditions.
2. Basic Features of Translation
Occurs on Ribosomes
¢ Ribosomes are the universal molecular machines (ribonucleoprotein complexes) that catalyze
protein synthesis.
e They have two subunits: a large subunit and a small subunit, which assemble on the mRNA. In
cukaryotes, assembly is finalized in the cytoplasm.
¢ Ribosomes have three key sites for tRNA binding:
o Asite (Aminoacyl): Binds the incoming aminoacyl-tRNA carrying the next amino acid.
o Psite (Peptidyl): Holds the tRNA linked to the growing polypeptide chain.
o E site (Exit): Holds the deacylated tRNA before it leaves the ribosome.
mRNA Read in 5’ — 3’ Direction
e The ribosome moves along the mRNA from the 5' end to the 3’ end, sequentially reading each
codon.

MK PREPARATIONS: Let’s Make It Happen
+92 333 2605045, +92 342 4470091 23 | 39

)
el
=
Jo—
(€%
)
=
e
o
-
Q
o
=]
(¢~}
PN
i @
(o
17!

nZ QO —~=2» XM



] MK PREPARATIONS). .

~ L

nZO—~—-p» Xp>vmRI o

NA Sequencing

Sanger: Chain termination with
ddNTPs. NGS: Massively parallel
sequencing (Illumina, Nanopore).

Whole genome sequencing,
phylogenomics, SNP discovery.

Hybridization Techniques

Southern blot (DNA), Northern
blot (RNA), FISH (chromosomal
localization).

Gene mapping, chromosomal
abnormalities, gene expression.

Recombinant DNA Technology

Restriction enzymes, ligation,
cloning vectors (plasmids, BACs,
YACs).

Gene cloning, transgenic animal
production.

CRISPR-Cas9

RNA-guided DNA endonuclease for
targeted genome editing.

Gene knockout/knockin in model
organisms, functional genomics.

RNA-seq

NGS of cDNA from RNA
population.

Transcriptome analysis, differential
gene expression, non-coding RNA
discovery.

Central dogma
DNA—RNA—Protein

uses

}

Genetic code

| steps
Universal

consists of

I—» Triplet

64 codons == Degenerate

|_7 Specific

code for l
Amino Termination
acids Start Stop
AUG

1. Which nitrogenous base is found in RNA but

Transcription

Initiation Promoter l
| 5’ cap

Elongation s 5’3’

Gene expression

RNA
processing
Lrequires _'l occurs in
RNA Eukaryotes
polymerase
includes also

includes

uses splicing

and
Transcription requires
factors
3’ poly-A
tail

Practice MCQs

Pre-mRNA _can result

Spliceosome—t

Translation — requires

Ribosome
steps
Anticodon
in .
Initiation contains
Alternative Charged
splicing RNA
Elongation
snRNPs 1
Termination Peptidyl
transferase

k removes == Introns

L— joins —»= Exons

A) Conservative
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not in DNA? B) Dispersive

A) Adenine C) Semiconservative

B) Guanine D) Non-conservative

C) Thymine Answer: Semiconservative

D) Uracil 3. Which enzyme is responsible for synthesizing

Answer: Uracil RNA primers during DNA replication?
2. The Meselson-Stahl experiment demonstrated A) DNA polymerase I

that DNA replication is: B) DNA polymerase 111
MK PREPARATIONS: Let’s Make It Happen
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Chapter 34

Biotechnology

Biotechnology is a multidisciplinary field that utilizes biological systems, living organisms, or derivatives
thereof to develop or modify products and processes for specific uses.

It merges principles from biology, chemistry, genetics, molecular biology, engineering, and computer
science to innovate in areas ranging from healthcare to environmental management.

Traditional vs. Modern Biotechnology

Traditional Biotechnology Modern Biotechnology

Time Period Ancient to early 20th century Late 20th century — present

Basis Empirical knowledge, natural processes Understanding of molecular biology and

genetics

Techniques Fermentation, selective breeding, Genetic engineering, recombinant DNA, cell
hybridization culture, CRISPR, omics

Precision & Low; relies on natural variation High; specific genetic modifications

Control

Examples Beer, bread, cheese making; animal Insulin from GM bacteria, Bt cotton, gene
domestication; crop rotation therapy, mRNA vaccines

Scale & Speed Slow, often small-scale Rapid, scalable, industrially applicable

The 1973 discovery of recombinant DNA technology (Cohen & Boyer) marked the shift from traditional
to modern biotechnology.
Early Uses of Biotechnology
e ~10,000 BCE: Selective breeding of plants and animals for desirable traits.
e ~6000 BCE: Fermentation for beer (Sumerians, Babylonians), wine (ancient Egypt, China), and
leavened bread (using yeast).
e ~500 BCE: Use of moldy soybean curd (antibiotic-like) in ancient China.
e 1860s: Louis Pasteur’s germ theory and fermentation studies laid scientific foundations.
e 1917: Karl Ereky coined the term “biotechnology” (German: Biotechnologie), referring to using
living organisms to produce products.
Development of Recombinant DNA Technology
e 1953: Watson & Crick discover DNA double helix structure.
o 1970s:
o 1970: Discovery of restriction enzymes (Arber, Smith, Nathans).
o 1972: Paul Berg creates first recombinant DNA molecule (SV40 virus + lambda phage).
o 1973: Herbert Boyer & Stanley Cohen successfully clone recombinant DNA into E.
coli—birth of genetic engineering.
e 1976: First biotech company, Genentech, founded; produced human insulin using rDNA by
1978.
Milestones in Biotechnology
e 1980: U.S. Supreme Court allows patenting of GM organisms (Diamond v. Chakrabarty).
1982: First GM product approved—human insulin (Humulin®) from Genentech/Eli Lilly.
1983: PCR technique invented by Kary Mullis (Nobel Prize 1993).
198S5: First transgenic plant (tobacco) developed.
1990: Launch of the Human Genome Project (completed 2003).
1994: First GM food, Flavr Savr tomato, approved for sale.
1997: First mammal cloned from adult somatic cell—Dolly the sheep.
2000s: Rise of omics (genomics, proteomics), stem cell research, and biofuels.
2012: CRISPR-Cas9 gene editing demonstrated (Doudna & Charpentier, Nobel 2020).
2020s: mRNA vaccine technology (COVID-19), synthetic biology advances, Al integration in
biotech.
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* Stored: As bacterial glycerol stocks or phage lysates

at -80°C.
Vector Selection for Genomic Libraries
Vector Type Insert Key Features Ideal Use
Capacity
Plasmid Up to 10-15 | Simple, easy to handle. Small genomes (bacteria, viruses)
kbp or for creating a cDNA library.
Lambda Phage 10-25 kbp High cloning efficiency via in Standard eukaryotic genomic
vitro packaging; forms plaques. | libraries.
Cosmid 35-45 kbp Combines plasmid ori and Larger inserts for more efficient
lambda cos site; high capacity. coverage of large genomes.
BAC (Bacterial 100-300 kbp | Based on the F-plasmid; very Key for large genome
Artificial stable, low copy number. projects (Human Genome
Chromosome) Project).
YAC (Yeast Artificial 200-2000 Mimics a yeast chromosome; Mapping very large genomic
Chromosome) kbp holds largest inserts. regions; complex due to yeast
host.

Screening a Genomic Library
Once constructed, the library must be screened to find the clone containing the gene of interest.
Process

Method Principle

1. Nucleic Acid Uses a labeled DNA or RNA
Hybridization (Most | probe complementary to part
Common) of the target gene.

1. Colonies/plaques are transferred to a membrane
(colony/plaque lift).

2. DNA is denatured and fixed to the membrane.

3. Membrane is incubated with the labeled probe
under conditions favoring specific hybridization.

4. Probe binds to complementary sequences. Signal is
detected via autoradiography (radioactive probe) or
chemiluminescence (non-radioactive).

5. Positive signal is located on the master plate, and
the corresponding clone is picked.

2. PCR-Based
Screening

Uses primers specific to the
gene of interest to amplify a
segment from pooled clones.

1. Library clones are pooled in a hierarchical manner
(e.g., in microtiter plates).

2. DNA is prepared from each pool and used as a PCR
template.

3. A positive pool is identified, then subdivided and
re-screened until a single positive clone is

isolated. Faster but requires known sequence for
primer design.

3. Immunological Used if the library is
Screening constructed in an expression
(Expression vector that allows the cloned
Screening) gene to produce its protein.

1. Colonies express the protein.

2. A membrane lift is probed with a primary
antibody specific to the protein.

3. Alabeled secondary antibody detects the primary
antibody.

4. Limitations: Only works for expressed genes; the
gene must be in the correct orientation and reading

frame.

Biotechnology in Medicine (Red Biotechnology)
Overview: Medical biotechnology applies molecular and cellular techniques to prevent, diagnose, and
treat diseases. It represents one of the most impactful applications of biotechnology, leading to

revolutionary therapies and diagnostics.
Key Applications:

1. Production of Insulin and Vaccines
Recombinant Human Insulin:
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o Homology Modeling: Predicting a protein's 3D structure based on the known structure
of a related protein.
o Molecular Docking: Simulating how a drug candidate (ligand) binds to a protein target
to design new therapeutics.
5. Drug Discovery & Pharmacogenomics: Identifying novel drug targets, screening compound
libraries in silico, and understanding how genetic variation affects drug response.
6. Metagenomics Analysis: Using computational tools to identify microbial species and their
functional genes from complex environmental DNA samples (e.g., gut microbiome studies).
7. Systems Biology: Integrating diverse datasets (genomics, proteomics, metabolomics) to model
and understand the complex interactions within a biological system.

Major Products of Biotechnolog

Category Product Name/ | Description / Use Production Method / Key Organism
Type
Pharmaceuticals
& Therapeutics
Insulin Human insulin for diabetes | Recombinant DNA in E. coli or S.
(Humulin, treatment. cerevisiae.
Novolin)
Human Growth | Treatment of growth Recombinant DNA in E. coli.
Hormone (hGH) | disorders.
Erythropoietin Stimulates red blood cell Recombinant DNA in mammalian cells
(EPO) production; treats anemia. (CHO).
Monoclonal Targeted Hybridoma technology or recombinant
Antibodies cancer/autoimmune disease | expression in CHO cells.
(mAbs) therapy (e.g., Rituximab,
Trastuzumab).
Vaccines Hepatitis B, HPV vaccines. | Recombinant surface antigen production
(Recombinant) in yeast (S. cerevisiae).
Vaccines COVID-19 vaccines In vitro transcription of synthetic mRNA,
(mRNA) (Moderna, Pfizer- lipid nanoparticle delivery.
BioNTech).
Blood Clotting Treatment of hemophilia. Recombinant DNA in mammalian cells
Factors (VIII, (BHK, CHO).
1X)
Interferons & Antiviral, anticancer Recombinant DNA in E. coli or
Interleukins agents. mammalian cells.
Gene Therapy Luxturna (for inherited Uses viral vectors (AAV) to deliver
Products blindness), Zolgensma (for | functional genes.
spinal muscular atrophy).
CRISPR-Based Casgevy (for sickle cell Ex vivo editing of patient's stem cells
Therapy disease & beta- using CRISPR-Cas9.
thalassemia).
Agricultural
Products
Bt Cotton Insect-resistant cotton Transgenic plant expressing Bacillus
(targets bollworm). thuringiensis (Bt) Cry toxin gene.
Roundup Ready | Herbicide-tolerant crops. Transgenic plant expressing bacterial
(Glyphosate- EPSPS enzyme gene.
Resistant)
Soybean/Corn
Golden Rice Rice biofortified with beta- | Transgenic plant with genes from

carotene (pro-vitamin A).

daffodil and bacterium.
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DNA technology includes Biotechnology includes Applications
|
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Is N\ ¥ 4 )
Recombinant Polymerase __ Genetic Transgenic Environmental Medical Agricultural
DNA chain variation organisms applications [~ applications applications
I reaction I
o ry;.!res created and include include include include
¥ analyzed by "'_I_‘
Molecular PCR and Protein Herbicide
cloning DNA Transgenic | Transgenic i
RT-PCR : . =  Biofuels drugs UEEIREIED
techniques I fingerprinting animals plants
used used for | |I?ISeC1.
Restriction ¥ in vitro remove Hydrocarbon [ FISH resistance
i mutagenesis genes removal
endonucleases Quantifying g
DNA or RNA Knockout
I I RNA mice Wastewater [ ©ene chips
Gel - and interference | treatment
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| DNA_ Genome genes -
sequencing editing Fon(#ltlo.nal
cDNA —ir— 1 inactivation | B S
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| | add genes
_ . Diagnostic I—.. Kn‘.’:Ck'" L, Gene
DNA libraries -«— kits mice therapy

Practice MCQs

1. Which Nobel Prize was awarded for the
discovery of restriction enzymes?

A) Physiology or Medicine 1978

B) Chemistry 1980

C) Physics 1975

D) Peace 1978

Answer: Physiology or Medicine 1978

2. Which enzyme is known as molecular "scissors"
in recombinant DNA technology?

A) Ligase

B) Polymerase

C) Restriction endonuclease

D) Reverse transcriptase

Answer: Restriction endonuclease

3. The first recombinant DNA molecule was
created by inserting viral DNA into bacterial DNA
by:

A) Herbert Boyer

B) Stanley Cohen

C) Paul Berg

D) Werner Arber

Answer: Paul Berg

4. Which of the following produces "sticky ends"
when cutting DNA?

A) Smal

B) EcoRI

C) Both A and B

D) None of the above

Answer: EcoRI

5. The enzyme used to join DNA fragments by

forming phosphodiester bonds is:

A) DNA polymerase
B) Restriction enzyme
C) DNA ligase

D) Reverse transcriptase

Answer: DNA ligase

6. Which technique separates DNA fragments

based on size using an electric field?

A) Chromatography
B) Centrifugation

C) Gel electrophoresis
D) PCR

Answer: Gel electrophoresis

7. A collection of recombinant DNA molecules

representing an entire genome is called a:

A) cDNA library

B) Genomic library
C) Plasmid library
D) Expression library

Answer: Genomic library
8. Reverse transcriptase is an enzyme that

synthesizes:

A) RNA from RNA
B) DNA from DNA
C) DNA from RNA
D) Protein from RNA

Answer: DNA from RNA
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Chapter 35
Evolution

Evolution: Descent with modification; change in allele frequencies in populations over time.
Organic Evolution: Biological evolution through genetic change and natural selection.
Microevolution: Change in allele frequencies within a population over generations.
Macroevolution: Large-scale evolutionary changes (speciation, extinction) over geological time.
Common Descent: All organisms share a common ancestor.

Special Creation vs. Evolution
Aspect Special Creation Evolution ‘

Origin of Species Independently created Descended from common ancestors
Change Over Time Fixed, immutable Continuously changing

Mechanism Divine intervention Natural processes (selection)
Evidence Base Religious texts Multiple scientific disciplines
Scientific Status Non-testable, non-scientific Well-supported scientific theory

Origin of Life & Evolution of Cellular Life
I. Origin of Life (Abiogenesis)
A. Prebiotic Conditions on Early Earth (~4.6 - 3.9 Ga)
e Hadean Eon: Hot, volcanic, frequent asteroid impacts, no free oxygen.
e Atmosphere: Reducing (Hz, CHs, NHs, H20, CO:, N2). No O: layer, high UV radiation.
¢ Key Requirements for Life:
1. Source of organic molecules (monomers).
2. Mechanism to polymerize monomers.
3. Self-replication (information storage).
4. Compartmentalization (protocell membranes).
B. Key Experiments & Hypotheses for Organic Molecule Formation
1. Miller-Urey Experiment (1953): Simulated early Earth atmosphere with electrical sparks
produced amino acids and other organics.
2. Extraterrestrial Origins (Panspermia/Meteorites): Murchison meteorite contains amino acids
and nucleobases.
3. Hydrothermal Vent Hypothesis (A Primary Focus): Submarine alkaline hydrothermal vents
(e.g., Lost City-type) are a leading theory.
o Why Vents? Provide a compelling environment for life's origin.
= Energy Gradient: Natural proton gradient (alkaline vent fluid vs. acidic ocean)
mimics modern cellular chemiosmosis (ATP production).
= Mineral Catalysts: Porous chimneys of iron-sulfide (FeS) and mackinawite act
as inorganic catalysts and compartment walls.
= Conditions: Stable, protected from surface UV radiation and impacts.
= Organic Synthesis: H> and CO./CO in vent fluids can react via Fischer-Tropsch-
type reactions on catalytic mineral surfaces to form organic molecules.
o The "Protometabolism First" Model: Networks of chemical reactions within vent
pores could evolve complexity before the emergence of genetic code or membranes.
C. From Molecules to Cells
1. RNA World Hypothesis: RNA can store information (like DNA) and catalyze reactions (like
proteins). Ribozymes and self-replicating RNA are central.
2. Protocell Formation: Fatty acids or simpler amphiphilic molecules can spontaneously form
micelles and vesicles in water, capable of encapsulation and growth/division.
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IDENCE FOR EVOLUTION:
A. Fossil Record Evidence
Evidence Type What It Shows Key Examples
Transitional Forms Intermediate between major groups | Tiktaalik (fish-tetrapod);
Archaeopteryx (dinosaur-bird)
Evolutionary Sequences Gradual change within lineages Horse evolution (Hyracotherium to
Equus)
M Biostratigraphy Consistent fossil succession Index fossils for dating rock layers 9
K Mass Extinctions Periodic faunal turnovers K-T boundary (dinosaur extinction) E)]
Definition Example Evolutionary g
Implication e
Homology Similar structure from Vertebrate forelimb bones | Divergent evolution =
common ancestry :':
Analogy (Homoplasy) Similar function from Wings in birds, bats, Convergent evolution =
different origins insects =]
Vestigial Structures Reduced remnants of Whale pelvic bones; Evidence of descent with
ancestral features human appendix modification

C. Molecular Evidence
1. Universal Genetic Code: Same in all organisms.
Phylogenetic Concordance: Different genes give same evolutionary tree.
Molecular Clocks: Constant mutation rates for dating divergences.
Pseudogenes: Non-functional gene copies (e.g., vitamin C synthesis gene in primates).
Endogenous Retroviruses: Identical viral DNA insertions in related species.
Gene Families: Duplicated genes with related functions (e.g., hemoglobin genes).
D. Biogeographic Evidence

AN ol o

Pattern Description Example Interpretation

Endemism on Islands Unique species on Galapagos tortoises Adaptive radiation after
isolated islands colonization

Continental Drift Distributions match Marsupials mainly in Evolution influenced by

Correlations geological history Australia plate tectonics

Disjunct Distributions Related species in Southern beech Gondwanan ancestry
separated regions (Nothofagus)

E. Direct Observations of Evolution
1. Antibiotic Resistance: Bacteria evolve resistance rapidly.
2. Industrial Melanism: Peppered moths in polluted areas.
3. Galapagos Finches: Beak size changes with drought/rain.
4. Guppy Evolution: Life history changes in response to predation.
5. HIV Evolution: Rapid evolution within individual patients.

A. Extended Evolutionary Synthesis
Concept Description Examples Significance

nZ QO —~=2» XM

Punctuated Equilibrium Long stasis interrupted by | Trilobite fossils Challenges strict
rapid speciation gradualism

Neutral Theory Most molecular evolution | Molecular clocks Explains molecular
due to drift of neutral evolution patterns
mutations

Evo-Devo Evolution of Hox gene patterning Explains morphological
developmental processes innovation
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Chapter: 36

Ecology & Ecosystems

e Ecology: Scientific study of interactions between organisms and their biotic and abiotic
environment. Coined by Ernst Haeckel from Greek oikos (household) + logy (study).
¢ Ecosystem: Dynamic complex of biotic communities and their abiotic environment interacting as
a functional unit through energy flows and biogeochemical cycles. Coined by Arthur Tansley
(1935) to emphasize interconnectedness.
e Environment: All abiotic (non-living: climate, soil, water) and biotic (living: plants, animals,
microbes) factors influencing an organism.
o Biosphere: Thin, life-supporting layer of Earth where all ecosystems exist.
M Levels of Ecological Organization
1. Organism: Individual living entity.
K 2. Population: Group of interbreeding individuals of the same species in a specific area.
3. Community: Assemblage of different populations living and interacting in a defined area.
4. Ecosystem: Community + physical environment, interacting through nutrient cycling and energy
flow.
Biome: Large geographical region with distinct climate and characteristic community.
6. Biosphere: All ecosystems collectively.
Key Ecological Concepts
o Habitat: Physical space where an organism lives.
¢ Ecological Niche: Multidimensional concept describing the functional role of a species
(resources used, conditions tolerated).
o Fundamental Niche: Full range theoretically usable.
o Realized Niche: Actual range occupied due to interspecific interactions.
e Metapopulation: Set of local populations linked by immigration/emigration. The Glanville
fritillary butterfly in Finland exists as scattered local populations in dry meadows, connected by
occasional migration.
Symbiosis: Close, long-term biological interaction between two different species (parasitic,
mutualistic, or commensal).
¢  Mutualism: Clownfish and sea anemones.
e Parasitism: Tapeworms in mammals.
Commensalism: Barnacles on whales.

ECOSYSTEM STRUCTURE

A. Abiotic Components

e Physical Factors:

o Solar radiation (1-2% converted via photosynthesis).

o Temperature (affects metabolic rates via Qio relationships).
o Water availability (creates productivity gradients).

o Soil texture (water holding capacity, nutrient retention).

e Chemical Factors:

o Nutrient availability (Liebig's Law of the Minimum).

o Redox potential (influences nutrient speciation).

o pH, salinity, oxygen availability.

Food Chain

A food chain is a linear sequence showing how energy and nutrients move from one organism to another
in an ecosystem. It follows a single path.

Example of a simple food chain:

Grass — Grasshopper — Frog — Snake — Hawk
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ulfur Cycle
e Major Reservoirs: Lithosphere (rocks, minerals, fossil fuels), oceans (SO+?>~ — major reservoir),
atmosphere (trace gases), biosphere.

e Core Processes: Volcanic e~ EATC B, H.E
OUtgaSSing (st’ SHELE Smelting & burning
SO.), weathering, bacterial sulfate TERB I Volcanization pllceliele
reduction (SO~ — HS s 9{{(\% uptake
by Desulfovibrio in anoxic 9‘% 2 el Suliee {2
. . 0 4
muds), bacterial sulfide oxidation (H.S bt A

Surface
runoff

),

)

— S° — SO+*"), combustion of fossil
fuels, and precipitation as acid

A,

in fertilizer Plant & animal
i @ remains/wastes
&
Sulfate K ‘
2.
(80,%) | | Organic
in soil sulfur

M rain (HSO). E T
¢ Key Compounds: Hydrogen Giiaed
K sulfide (H-S - toxic, rotten egg 50,5 4,5, HS")| Decomposition
smell), sulfur dioxide (SO: — air ppater
pollutant), sulfate (SO+>"), dimethyl I@
sulfide [(CH3):S] — from phytoplankton, in sediments 3 Fossils and fossil fuels

affects cloud formation.

¢ Human Impact: Acid rain (pH <5.6) damages forests, acidifies lakes, corrodes buildings; Flue
Gas Desulfurization (FGD) in industries; sulfur aerosols cause global dimming (cooling effect).
Oxygen Cycle

e Major Reservoirs: Lithosphere (silicate & oxide minerals — largest pool), atmosphere (O2 —
20.95%, Os — trace), hydrosphere (dissolved O2), biosphere.

e Core Processes: Photosynthesis (main source), respiration/decomposition (main

sinks), photolysis of water/H-O in upper atmosphere, ozone formation/destruction (0> + O —
0:), weathering (oxidation of rocks), and fossil fuel combustion.

¢ Key Compounds: Dioxygen (O:), ozone (Os — stratospheric shield, tropospheric

pollutant), oxides (CO2, H20, SiO2, Fe:0s).

Human Impact: Stratospheric Os depletion by CFCs (forming "ozone hole'"); tropospheric
O: increase (smog) harms health/plants; hypoxia/anoxia in water bodies from eutrophication.

¢ Ecological Role: Terminal electron acceptor in aerobic respiration; ozone layer absorbs 97-
99% of harmful UV-B/C radiation.

e  MCQ Points: Great Oxidation Event (~2.4 Ga) enabled complex life; Dissolved Oxygen
(DO) declines with temperature increase and organic pollution; BOD/COD measures water
pollution; Oxygen minimum zones (OMZs) in oceans expanding.

SPECIES INTERACTIONS

A. Interspecific Interactions
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Interaction Effect on Species A Effect on Species B Example
Competition - - Lions and hyenas
competing for prey.

nZO—~—-p» AP UMmMmAT

Predation + - Fox eating rabbit.

Parasitism + Tapeworm in human.

Herbivory + - Deer eating plants.

Mutualism + + Rhizobium-legume
symbiosis; pollinator-
plant.

Commensalism + 0 Epiphytic orchid on tree;
remora and shark.

Amensalism 0 - One barnacle

overgrowing another.
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e Grasses (Poaceae): Cs grasses dominate in hot, tropical savannas (more efficient in high
heat/light). C; grasses dominate in temperate zones.
e Forbs (Wildflowers): High diversity (e.g., asters, clover, sunflowers) - crucial for pollinators.
e Trees & Shrubs: Sparse in temperate grasslands; characteristic in savannas (fire- and drought-
adapted).
Fauna Diversity
e Large Herbivores: Specialized for grazing and migratory lifestyles.
o Temperate: Bison, pronghorn, wild horses (historically).
o Savanna: Wildebeest, zebra, antelope, elephant, giraffe.
e Burrowing Mammals: Ecosystem engineers (prairie dogs, ground squirrels, meerkats,
wombats). Create habitat, aerate soil.
Predators: Coyote, wolf (historically), lion, cheetah, hyena.
e Birds: Many ground-nesters (meadowlarks, bustards) or predators (hawks,
cagles). Ostriches (savanna).
e Insects: Abundant, especially grasshoppers, ants, and pollinators (bees, butterflies). Termites are
crucial in savannas (decomposers, mound builders).
e Reptiles: Snakes (e.g., rattlesnakes), lizards.
Key Species Interactions
e Grazing Lawn Dynamics: Intensive grazing can create short-grass "lawns" favored by other
herbivores.
e  Mutualisms:
o Mycorrhizal Fungi: Essential for grass nutrient uptake in poor soils.
o Rhizobium Bacteria: Fix nitrogen in legume roots (e.g., clover).
o Pollinator-Forb Networks: Highly specialized relationships.
e Predator-Prey Cycles: Classic interactions (e.g., wolf-bison, lion-wildebeest).
e Competition: Intense light competition drives fast vertical growth.
Threats & Conservation
Major Threats:
1. Agricultural Conversion: The #1 threat. Vast areas plowed for row-crop agriculture (wheat,
corn, soy). Results in habitat loss and fragmentation.
2. Overgrazing & Land Degradation: Leads to soil compaction, erosion, loss of native species,
and desertification (especially at arid edges).
3. Afforestation & Shrub Encroachment: Due to fire suppression, altered grazing, and CO:
fertilization (favors woody plants). Changes ecosystem function.
4. Invasive Species: Non-native grasses and forbs alter fire regimes and outcompete natives.
5. Climate Change: Alters precipitation patterns, increasing drought frequency and intensity.
6. Urbanization & Infrastructure.

Desert Ecosystem
A desert is an arid ecosystem characterized by extremely low precipitation (<250 mm/year), high
evaporation rates, and significant daily temperature fluctuations. Deserts are defined by water scarcity, not
temperature alone.
Global Distribution & Types:
e Subtropical/Hot Deserts: Found at ~20-30° N & S latitudes (descending dry air of Hadley
Cells).
o [Examples: Sahara (Africa - largest), Arabian, Great Australian, Sonoran, Mojave,
Kalahari.
o Climate: Extremely hot summers, mild winters; very low, unpredictable rain.
¢ Cold/Cool Deserts: Found in continental interiors or rain shadows at higher latitudes/elevations.
o Examples: Gobi (Asia), Great Basin (USA), Patagonian (S. America), Antarctic Dry
Valleys.
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Chapter 37
Biodiversity & Environmental Biology

1. Biodiversity (Biological Diversity): The variety of life on Earth at all levels of biological organization. It
encompasses the variety within and between all species of plants, animals, and microorganisms, the
ecosystems they form, and the ecological and evolutionary processes that sustain them.

2.  Formal Definition (CBD): "The variability among living organisms from all sources including, inter alia,
terrestrial, marine and other aquatic ecosystems and the ecological complexes of which they are part; this
includes diversity within species, between species and of ecosystems." (UN Convention on Biological
Diversity)

3. Dimensions of Biodiversity:

o Composition: The identity and variety of living elements in a system (what is there).

o Structure: The physical organization or patterns of a system (e.g., canopy layers, soil
stratification).

o Function: The ecological and evolutionary processes and services (e.g., nutrient cycling, energy
flow).

Scope & Scale
4. Taxonomic Groups: The major classifications of life forms.

o - Plants: Primary producers; includes flowering plants, conifers, ferns, mosses, algae.

o Animals: Includes invertebrates (insects, mollusks) and vertebrates (mammals, birds, reptiles,
amphibians, fish).

o Microorganisms: Includes bacteria, archaea, protists, fungi, and viruses; crucial for
decomposition and nutrient cycling.

5. Scale of Biodiversity:

o Alpha (a) Diversity: The diversity of species within a specific, localized habitat or community
(local species richness and evenness).
o Beta (B) Diversity: The rate of change or turnover in species composition across different habitats
within a larger geographic region (measures how communities differ).
o Gamma (y) Diversity: The total biodiversity across a broad geographic area, continent, or the
entire planet.
Levels of Biodiversity

6. Genetic Diversity: The total genetic information contained within all individuals of a species, population,
or group of species. It is the variation in alleles and genes.

o Key Aspect - Endemism (Genetic): Unique genetic adaptations found only in specific
populations.

7. Species Diversity: The variety and abundance of different species within a defined biological community
or area.

o Species Richness: The simple count of different species present.

o Species Evenness (Equitability): The relative abundance of each species.

o Taxonomic Diversity: Considers the phylogenetic relationships (evolutionary distances) between
species.

o Functional Diversity: The variety of ecological roles (functional traits) performed by species in a
community.

8. Ecosystem Diversity: The variety of ecosystems, habitats, biotic communities, and ecological processes
within a region or across the globe.

o Habitat Heterogeneity: The physical complexity and variety of microhabitats within an

ecosystem.
o Biome: A major ecological community type extending over a large area (e.g., tropical rainforest,
tundra).
Biodiversity Hotspots

9. Biodiversity Hotspot: A biogeographic region that meets two strict criteria: 1) Contains at least 1,500
species of endemic vascular plants, and 2) Has lost at least 70% of its original primary vegetation. A
priority area for conservation.
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10. Endemism: The state of a species being native and restricted to a specific, defined geographic area and
found nowhere else on Earth.

11. Conservation Prioritization: The strategy of directing limited resources to areas with the highest
biodiversity value under the greatest threat.

Values and Importance
12. Ecosystem Services: The direct and indirect benefits humans obtain from ecosystems. Categorized as:

o Provisioning Services: Direct goods obtained (e.g., food, medicine, timber).

o Regulating Services: Benefits from regulation of ecosystem processes (e.g., climate regulation,
flood control, pollination).

o Cultural Services: Non-material benefits (e.g., recreation, aesthetic, spiritual).

o Supporting Services: Fundamental processes necessary for all other services (e.g., nutrient
cycling, soil formation).

13. Ecosystem Stability: The ability of an ecosystem to resist change or recover from disturbance.

14. Resilience: The capacity of an ecosystem to absorb disturbance and reorganize while undergoing change,
essentially retaining its same function and identity.

15. Functional Redundancy: The phenomenon where multiple species in a community perform similar
ecological roles, providing an "insurance effect" so that if one species is lost, the ecosystem function is
maintained by others.

16. Ecotourism: Responsible travel to natural areas that conserves the environment, sustains the well-being of
local people, and involves interpretation and education.

Threats to Biodiversity

17. Habitat Destruction: The outright conversion or elimination of a natural habitat, typically for agriculture,
urban development, or mining. The #1 global threat.

18. Habitat Fragmentation: The process where a large, continuous habitat is broken into smaller, isolated
patches, often by human development. Leads to smaller, more vulnerable populations and increased edge
effects.

19. Edge Effects: The changes in ecological conditions that occur at the boundaries of two or more habitats.
Often makes fragmented patches more susceptible to invasive species, fire, and predators.

20. Climate Change: A long-term change in global or regional climate patterns, largely due to human-induced
increases in greenhouse gases. Impacts biodiversity via shifting ranges, phenological mismatches, and
extreme events.

21. Phenology: The study of cyclic and seasonal natural phenomena, especially in relation to climate and plant
and animal life.

22. Phenological Mismatch: The disruption of timing between interdependent species due to climate change
(e.g., flowers blooming before their pollinators emerge).

23. Ocean Acidification: The ongoing decrease in the pH of the Earth's oceans, caused by the uptake of carbon
dioxide (CO:) from the atmosphere. Harms shell-forming marine organisms.

24. Pollution: The introduction of harmful materials into the environment.

o Eutrophication: Excessive richness of nutrients in a body of water, frequently due to runoff from
land, which causes a dense growth of plant life and death of animal life from lack of oxygen.

25. Overexploitation: The harvesting of a renewable resource at a rate that exceeds its capacity for
regeneration (e.g., overfishing, overhunting).

26. Invasive Alien Species (IAS): A non-native (alien) species whose introduction and spread threaten
ecosystems, habitats, or native species with economic or environmental harm.

27. Synergistic Threats: When multiple threats (e.g., habitat loss and climate change) interact, producing a
combined effect greater than the sum of their separate effects. This accelerates biodiversity loss.

Natural Resources

Natural resources are materials and components (natural assets) that occur in nature and can be used for economic
gain or to support life. They form the foundation of human civilization, providing everything from food and water to
energy and raw materials for industry.

Natural resources are finite, and their exploitation must be balanced with their renewal rates to ensure long-term
sustainability.

2. Classification of Natural Resources
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