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PREFACE

We are pleased to present this practical manual, B.Sc. Part-1I Semester-
lII (NEP 2.0): Minor Zoology Practical-Ill, designed in accordance with the New
Education Policy (NEP-2020) syllabus implemented by Shivaji University,
Kolhapur from June 2025. This manual is developed to facilitate hands-on
learning in the core areas of Zoology, encompassing Fundamentals of Non-
Chordates, Biodiversity, Wildlife Management, and Toxicology.

The content is structured across four units, emphasizing observational,
experimental, and analytical skills. Students will explore vital biological systems
through Paramoecium and Earthworm studies, including dissection and
temporary slide preparation. The manual also highlights unique adaptations in
Molluscs and Echinoderms, while introducing lesser-known minor phyla and
their medical relevance. A significant portion is devoted to biodiversity
estimation, wildlife conservation practices, and understanding the impacts of
toxicological agents such as pesticides and heavy metals on health.

Each exercise is aligned with NEP's outcome-based learning approach,
fostering scientific inquiry and ecological awareness among students. We
believe this practical guide will serve as a useful companion for learners,
educators, and laboratory instructors alike.

We gratefully acknowledge the contributions of all faculty members and

reviewers involved in shaping this manual.

- Authors
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B. Sc. PART - II SEMESTER - III (NEP 2.0)
MINOR ZOOLOGY PRACTICAL - I1I
(Based on Fundamentals of Non-Chordates, Biodiversity, Wildlife Management and Toxicology)
Unit — I Paramoecium
A. Systematic position
B. Morphological characters
C. Study of locomotion in Paramoecium (through prepared video/animation)
D. Reproduction: Asexual (Binary fission), Sexual (Conjugation)
Unit — II Earthworm
A. Systematic position
B. Morphological characters
C. Dissections,
a. Digestive system: Alimentary canal
b. Circulatory system: Longitudinal blood vessels, hearts, and loops
c. Nervous System: Central nervous system
d. Reproductive System: Male and female reproductive organs
D. Temporary Preparations,
a. Gizzard
b. Septal Nephridia
c. Spermatheca
d. Setae
Unit — III
A. Foot in Mollusca — Chiton, Pila, Mytilus, Unio and Sepa.
B. Pedicelaria in Echinodermata
C. Salient Features of Minor Phyla: Bugula, Sagitta and Lingula
D. Invertebrates in Medicine
1) Leech (Hirudo medicinalis) — Leech Therapy
2) Honey Bees — Apitherapy
Unit — IV Biodiversity and Wildlife Management
A. Study of Alpha, Beta and Gamma Diversity (from Forest and Grassland Habitats)
B. Study of species richness, evenness and abundance using samples
C. Estimation of biodiversity by Simpson’s Diversity Index using sample data.
D. Study of biodiversity conservation methods.
E. Study of the identification of common Indian wild animals through indirect evidence
(e.g., casts, pugmarks, scats, pellets, etc.)
F. Study of any one nearby National Park or Wildlife Sanctuary
G. Study of the effects of insecticides on human health (endosulfan effect)
H. Study of heavy metal toxicity on human health:
Pb- (Plumbism), Hg- (Minamata), Cd. (Itai-itai)
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Paramecium
Paramecium is a single-celled, slipper-shaped protozoan that is commonly found in
freshwater environments like ponds, lakes, and streams. They are renowned for their rapid

movement, propelled by thousands of tiny hair-like structures called cilia that cover their

entire body.

Systematic Position
Phylum: Ciliophora
Class:  Oligohymenophorea
Order:  Peniculida
Family: Parameciidae
Genus:  Paramecium
Species:  caudatum

Characteristics

trichocysts

ectoplasm
anterior
contractile
vacuole

endoplasm

micronucleus
food vacuoles

oral groove
macronucleus—=4 vestibule

y cytostome
posterior

contractile opharynx

vacuole
i formation of
| canals
- food vacuole
caudal tuft

opyge

Morphology of Paramecium
e Unicellular Eukaryote: Paramecium is a single-celled organism belonging to the
Kingdom Protista, meaning its cells have a nucleus and other membrane-bound

organelles.

o Slipper-shaped: They typically have an elongated, asymmetrical shape resembling the
sole of a slipper.

e (Cilia: Their most distinctive feature is the presence of numerous cilia, which are short,
hair-like projections used for both locomotion and feeding.

e Pellicle: The cell is covered by a flexible yet firm outer membrane called the pellicle,

which provides structural support and maintains its shape.
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Nuclei: Paramecium possesses two types of nuclei:

o Macronucleus: A large nucleus that controls daily cellular functions and
metabolism.

o Micronucleus: One or more smaller nuclei involved in genetic recombination during
sexual reproduction.

Oral Groove and Cytostome: They have a specialized indentation called the oral

groove that leads to a mouth-like opening called the cytostome, through which food is

ingested.

Contractile Vacuoles: Two prominent contractile vacuoles, one at each end, regulate

water balance (osmoregulation) by expelling excess water from the cell.

Food Vacuoles: Digestion occurs within food vacuoles that form around ingested food

particles.

Trichocysts: Small, bottle-shaped organelles embedded in the ectoplasm, which can

discharge thread-like structures, possibly for defense or anchoring.

Paramecium Locomotion

Paramecium locomotion is primarily achieved through the coordinated beating of

thousands of tiny, hair-like structures called cilia that cover its entire body. This method is

known as ciliary locomotion.

Mechanism of Ciliary Locomotion

1.

Ciliary Structure: Each cilium is a microscopic organelle, structurally similar to a

flagellum, containing an internal arrangement of microtubules called the axoneme (a 9+2

arrangement of microtubule doublets). It originates from a basal body (kinetosome)
embedded in the cell's outer layer, the pellicle.

Ciliary Beat Cycle: Each cilium performs a two-part stroke

o Effective Stroke (Power Stroke): The cilium stiffens and beats rigidly in a strong,
oar-like motion against the water. This propels the Paramecium forward. The power
stroke is directed towards the posterior (rear) of the cell for forward movement.

o Recovery Stroke: After the effective stroke, the cilium becomes flexible and bends,
sweeping loosely back to its original position. This minimizes resistance from the
water, allowing for an efficient recovery without pushing the cell backward.

Coordinated Beating (Metachronal Waves): The cilia do not beat randomly or

simultaneously. Instead, their beating is highly coordinated in metachronal waves that

sweep across the cell's surface. Imagine a ripple effect, like wind blowing across a field of
grain. This wave-like coordination ensures a smooth and continuous propulsion,

maximizing efficiency and preventing the cilia from tangling.
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4. Spiral Movement: As the cilia beat, they create a net force that propels the Paramecium
forward. However, due to the slightly oblique angle of the effective stroke and the
arrangement of cilia, the Paramecium typically swims in a spiral path, rotating around its

long axis as it moves. The oral groove usually faces the axis of this spiral.
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Locomotion in Paramecium
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Paramecium Reproduction

Paramecium reproduces through both asexual and various forms of sexual
reproduction or nuclear reorganization, each serving different biological purposes.
Asexual Reproduction: Binary Fission

This is the primary and most common mode of reproduction in Paramecium,
especially under favorable conditions with abundant food and optimal temperature. It results
in an increase in the number of individuals.
Process of Binary Fission
1. Cell Elongation: The Paramecium elongates, and the oral groove begins to disappear.
2. Nuclear Division

o The large macronucleus (responsible for daily cellular functions) divides by amitosis
(a direct division without precise chromosome separation, essentially pinching into
two).

o The small micronucleus (responsible for genetic inheritance) undergoes mitosis (a
more precise division, ensuring equal distribution of genetic material) into two
daughter micronuclei.

3. Formation of New Structures: New contractile vacuoles and a new cytostome (mouth)
begin to form in the developing daughter cells.

4. Cytokinesis: A transverse constriction furrow appears in the middle of the cell, gradually
deepening until the cytoplasm completely divides into two roughly equal daughter cells.

5. Daughter Cells: Each daughter cell receives one macronucleus, one or more micronuclei,
and a complete set of organelles, growing to full size before the next division. This

process can occur multiple times a day, leading to rapid population growth.
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Binary Fission in Paramecium

Sexual Reproduction and Nuclear Reorganization

While binary fission increases numbers, sexual processes introduce genetic variation

and are crucial for the long-term vitality and "rejuvenation" of Paramecium clones, especially

after many generations of asexual reproduction or under stressful conditions.

1. Conjugation (True Sexual Reproduction)

Conjugation is a temporary union between two Paramecia of compatible mating types,

involving the mutual exchange of genetic material from their micronuclei. It's a form of

cross-fertilization.

Process of Conjugation

1.

Pairing: Two Paramecia of different mating types come into contact and temporarily
fuse at their oral grooves, forming a conjugant pair.

Macronuclear Degeneration: The large macronucleus in each conjugant breaks
down and eventually degenerates.

Micronuclear Meiosis: The micronucleus (or micronuclei) in each conjugant
undergoes meiosis, producing four haploid micronuclei.

Micronuclear Degeneration and Division: In most species, three of the four haploid
micronuclei degenerate. The remaining one divides mitotically to form two haploid
pronuclei (gametic nuclei): a stationary pronucleus and a migratory pronucleus.
Exchange of Pronuclei: The migratory pronucleus from each conjugant passes
through a cytoplasmic bridge into the other conjugant.

Fusion (Synkaryon Formation): The migratory pronucleus from one conjugant fuses
with the stationary pronucleus of the other conjugant, forming a diploid zygote
nucleus (or synkaryon) in each ex-conjugant. This restores the diploid chromosome
number and results in genetic recombination.

Separation and Further Divisions: The two conjugants separate, becoming ex-

conjugants. The zygote nucleus in each ex-conjugant then undergoes a series of
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mitotic divisions, giving rise to new micronuclei and forming a new, metabolically
active macronucleus.
8. Post-conjugation Divisions: The ex-conjugants usually undergo several rounds of
binary fission, producing genetically distinct daughter cells.
Significance of Conjugation: It provides genetic recombination, leading to genetic diversity
within the population, and helps to restore vigor and vitality that may decline after prolonged

asexual reproduction.
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Stages of Conjugation in Paramecium
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Earthworm

Systematic Position and Morphological Characters

A. Systematic Position

Kingdom: Animalia

Phylum: Annelida (segmented worms)

Class: Clitellata (characterized by the presence of a clitellum)

Subclass: Oligochaeta (meaning "few bristles," referring to their sparse setae)
Order: Haplotaxida (a large order within Oligochaeta)

Family: Lumbricidae

Genus: Pheritima

Species: postuma

B. Morphological Characters
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clitellum
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Earthworm: Morphological Characters

Earthworms exhibit several distinct morphological features that allow them to thrive

in their burrowing lifestyle

Body Shape and Segmentation: Earthworms have a cylindrical, elongated, and
bilaterally symmetrical body. Their most striking feature is their segmentation, with the
body divided into numerous ring-like segments called metameres or annuli. These
segments are externally marked by grooves and internally by septa.

Size and Coloration: Their size varies greatly depending on the species, ranging from a
few millimeters to several meters (e.g., the Giant Gippsland Earthworm). Most common

earthworms are typically 10-30 cm long. Their color generally ranges from reddish-brown

7
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to purplish-brown dorsally, often paler ventrally, due to the presence of blood vessels and

pigments.

e Prostomium: The first body segment at the anterior (head) end is called the prostomium.
It is a fleshy lobe that overhangs the mouth and is used for feeling and pushing soil during
burrowing. It's not considered a true segment.

e Mouth and Anus: The mouth is located on the ventral side of the first segment
(peristomium), beneath the prostomium. The anus is a small, terminal opening located at
the posterior (tail) end of the last segment.

e Setae (Chaetae): Each segment (except the first and last) typically bears four pairs of
small, chitinous bristles called setae embedded in the body wall. These setac can be
retracted and extended, providing traction for movement through the soil.

e Clitellum: A prominent feature in mature earthworms is the clitellum. This is a
thickened, glandular, non-segmented band that encircles several segments (typically
segments 14-16 in Lumbricus terrestris). It produces mucus for copulation and a cocoon
for egg deposition. The position and number of segments forming the clitellum are
important for species identification.

o Pores
o Nephridiopores: Tiny pores on most segments through which metabolic waste

products are expelled from the nephridia (excretory organs).

o Dorsal Pores: Small openings on the dorsal side of some segments (starting from the
10th or 12th segment) that release coelomic fluid to keep the skin moist and aid in
respiration and burrowing.

o Genital Pores: These include the male genital pores (often on segment 18, through
which sperm are released) and female genital pores (often on segment 14, through
which eggs are released). There are also spermathecal pores (on intersegmental
grooves, typically between segments 5/6, 6/7, 7/8, and 8/9), which are openings to

store sperm received during copulation.
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Earthworm Dissection: Digestive System (Alimentary Canal)
The alimentary canal of the earthworm is a complete and relatively straight tube,

specialized into various regions for mechanical breakdown, chemical digestion and

absorption.
Mouth
: Buccal chamber
Brain
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Digestive System of Earthworm

A. Digestive System: Alimentary Canal
During a dissection, after carefully opening the dorsal body wall and pinning back the

flaps, you would systematically identify the following parts of the alimentary canal from

anterior to posterior:
1. Mouth (located ventrally in the first segment, Peristomium)

The most anterior opening of the alimentary canal.

O
It is a crescent-shaped aperture located beneath the fleshy prostomium (the first lobe

@)
that overhangs the mouth).

o The mouth is responsible for ingesting soil particles mixed with organic matter.

2. Buccal Cavity (Segments 1-3)
A short, muscular chamber immediately posterior to the mouth.

@)
It is highly muscular and can be protruded and retracted by muscles, aiding in the

o

ingestion of food.
o It leads into the pharynx.
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3. Pharynx (Segments 3-4)

o

o

o

A pear-shaped, muscular, and highly glandular organ.

It's a prominent, whitish structure, often appearing wider than the buccal cavity.
Numerous pharyngeal glands (also called salivary glands) are associated with it.
These glands secrete mucus (for lubrication) and proteolytic enzymes (to begin
protein digestion).

The pharynx is responsible for suctioning food into the digestive tract. You might
observe radiating muscles extending from the pharynx to the body wall, which help in

its pumping action.

4. QOesophagus (Segments 5-9)

@)

o

@)

A narrow, straight, and relatively long tube connecting the pharynx to the gizzard.

It passes through several septa.

In some earthworm species, you might observe three pairs of small, whitish,
calciferous glands attached to the sides of the oesophagus in segments 10-13. These
glands secrete calcium carbonate to neutralize humic acids present in the ingested
soil, which would otherwise be detrimental to the digestive enzymes. (Note: These are

sometimes difficult to distinguish clearly in all species or specimens).

5. Gizzard (Segments 8-9, sometimes extending to 10 or 11)

@)

o

A highly muscular, thick-walled, and very prominent organ. It often appears as a hard,
oval, and dark structure due to the presence of ingested grit.

Its thick, muscular walls, lined with a tough cuticle, are adapted for grinding food
particles (soil and organic matter) into a finer paste. This mechanical breakdown is
crucial, as earthworms lack teeth.

You can often feel its firm texture when gently prodding it with a blunt probe.

6. Stomach (Segments 10-14)

o

o

o

A relatively thin-walled, wider tube immediately posterior to the gizzard.
This region is where most of the chemical digestion of food occurs.
Digestive enzymes (amylase for carbohydrates, lipase for fats, and proteases for

proteins) are secreted here from the stomach wall.

7. Intestine (Segment 15 to the last segment)

o

The longest part of the alimentary canal, extending from segment 15 to almost the
very end of the body.

It is generally a straight tube, but its diameter can vary along its length.

The inner dorsal wall of the intestine, from segment 26 to the last segment (excluding
the last 25 segments), is folded into a prominent, internal median ridge called the

typhlosole.

10
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o Typhlosole: This significant fold increases the surface area for absorption of digested
nutrients. It appears as an inward projection on the dorsal side of the intestinal lumen.
When dissecting, if you gently cut open a section of the intestine longitudinally, you
can clearly see this fold.
o The intestine is the primary site for the absorption of digested nutrients into the
bloodstream. It also plays a role in continued digestion.
8. Rectum (Last 2-3 segments)
o The very terminal portion of the intestine, sometimes considered distinct from the
main intestinal region.
o It functions primarily in the formation of fecal pellets (castings) and the temporary
storage of undigested waste.
9. Anus (Terminal opening of the last segment)
o The posterior opening of the alimentary canal, through which undigested waste
material (castings) is expelled.
Summary of Food Pathway
Mouth — Buccal Cavity — Pharynx — Oesophagus — Gizzard — Stomach —

Intestine (with Typhlosole) — Rectum — Anus

Circulatory System: Longitudinal Blood Vessels, Hearts and Loops

The earthworm possesses a closed circulatory system, meaning blood is confined
within a network of vessels. This system efficiently transports blood, containing the
respiratory pigment hemoglobin (dissolved in the plasma, giving the blood its red color),
throughout the body for the distribution of oxygen and nutrients, and the collection of waste

products.

LATERAL HEARTS DORSAL VESSEL

(VASCU LAR LOOPS) SUPRA

PHARYNX DORSAL VESSEL

-

PROSTOMIUM

LATERAL
CIZZARD OESOPHACEAL VENTRAL VESSEL

SUBNEURAL VESSEL

Circulatory System of Earthworm

11
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A. Circulatory System: Longitudinal Blood Vessels, Hearts, and Loops

1.

2.

o

Longitudinal Blood Vessels: These are the primary vessels running the length of the
earthworm's body.
Dorsal Blood Vessel
* Located mid-dorsally, directly above the alimentary canal.
= [t is the main collecting and contractile vessel.
= Its muscular walls contract rhythmically, pumping blood from posterior to anterior.
You might observe pulsations during a fresh dissection.
= It has valves that prevent the backflow of blood, ensuring unidirectional flow.
= It collects blood from the intestinal wall and body wall in the posterior segments.
Ventral Blood Vessel
= Located mid-ventrally, below the alimentary canal and ventral nerve cord.
= [t is the main distributing vessel.
= [t carries blood from anterior to posterior.
= [t gives off branches to all organs and the body wall in each segment.
Sub-neural Blood Vessel (or Ventro-neural vessel)
= Located ventrally, below the ventral nerve cord.
= [t collects blood from the ventral body wall and nerve cord and primarily drains into
the ventral blood vessel. Its presence and prominence can vary slightly between
species.
Lateral Oesophageal Vessels
= Paired vessels running along the sides of the oesophagus in the anterior segments
(typically segments 1 to 13).
= They collect blood from the pharynx, oesophagus, and seminal vesicles. They are
connected to the supra-oesophageal vessel and contribute blood to the "hearts."
Supra-oesophageal Blood Vessel
= A relatively small vessel located dorsally to the oesophagus, typically from segment
9to 13.
= It collects blood from the pharynx and oesophagus and distributes it to the lateral
oesophageal hearts.
Hearts (Aortic Arches)
Earthworms do not have a single, chambered heart like vertebrates. Instead, they possess
several pairs of muscular, pulsating blood vessels called aortic arches or lateral hearts
that act as contractile hearts.
In a common earthworm like Lumbricus terrestris, there are five pairs of hearts located

in segments 7, 8, 9, 10, and 11.

12
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o These hearts encircle the oesophagus, connecting the dorsal blood vessel to the ventral
blood vessel.

o They have muscular walls that contract rhythmically to pump blood from the dorsal
(collecting) vessel to the ventral (distributing) vessel, maintaining the continuous flow of
blood throughout the closed system.

o Lateral Hearts: The first two pairs of hearts (in segments 7 and 9) are sometimes
referred to as lateral hearts. They connect the dorsal and ventral blood vessels.

o Lateral Oesophageal Hearts: The posterior three pairs (in segments 10, 11, 12, and 13,
though some sources consolidate the count to 5 pairs in segments 7-11 or 7-13
depending on species and interpretation) are often called latero-oesophageal hearts.
These also connect the dorsal and ventral vessels, and in some species, may receive
blood from the supra-oesophageal vessel. (Note: There can be slight variations in
specific segment numbers and terminology depending on the earthworm species being
studied and the textbook).

3. Loops (Anterior Loops)

o In addition to the true hearts, there are also pairs of thin-walled, non-pulsatile loop-like
vessels called anterior loops in segments 10 and 11.

o These loops connect the lateral oesophageal vessels with the supra-oesophageal vessel,
contributing to the complex anterior circulation, but they do not actively pump blood like
the heart.

The rhythmic contractions of the dorsal blood vessel and the five pairs of "hearts"
ensure efficient blood circulation, allowing for the transport of gases, nutrients, and waste

products to and from all tissues of the earthworm's body.

13
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Nervous System: Central Nervous System

The earthworm's nervous system is relatively simple yet highly organized, allowing it

to respond to its environment and coordinate its movements. Its central nervous system

(CNYS) is characterized by a "brain" and a ventral nerve cord.

A. Nervous System: Central Nervous System

cerebral ganglia or
supra-pharyngeal
ganglia

circum-pharyngeal
connective

sub-pharyngeal
ganglia

ventral nerve cord

nerve cord
ganglion

Nervous System of Earthworm

The central nervous system of an earthworm consists of the following key

components

1. Cerebral Ganglia (Brain) / Suprapharyngeal Ganglia

o

o

Often referred to as the "brain," though it's not a brain in the vertebrate sense.

It is a bilobed mass of nervous tissue located dorsally to the pharynx, typically in
segment number three.

It appears as a whitish, small, oval structure.

The cerebral ganglia are primarily sensory and integrative centers, receiving
information from the prostomium and anterior segments. They play a role in
coordinating movements and simple behaviors like burrowing and withdrawal

responses.

2. Sub pharyngeal Ganglia

(@]

(o]

O

Located ventrally to the pharynx, in segment 3 or 4, directly below the cerebral ganglia.
It's a smaller, fused pair of ganglia.
The subpharyngeal ganglia are mainly involved in coordinating the movements of the

pharynx and anterior segments.
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3. Circumpharyngeal Connectives (Circum-oesophageal Connectives)

(e]

These are two thick, stout nerve cords that connect the cerebral ganglia (dorsally) to
the subpharyngeal ganglia (ventrally).

They encircle the pharynx laterally, forming a nerve ring around it.

These connectives are crucial for integrating sensory input from the "brain" with motor

output coordinated by the ventral nerve cord.

4. Ventral Nerve Cord

o

This is the main component of the CNS, extending posteriorly from the subpharyngeal
ganglia along the entire length of the body, running ventrally below the alimentary
canal.

It appears as a prominent white, beaded thread.

In each segment, the ventral nerve cord has a ganglion (segmental ganglion), which is
a swelling formed by the aggregation of nerve cells.

These segmental ganglia are responsible for controlling the local activities of their
respective segments, such as muscle contractions for movement, and receiving sensory
input from that segment.

From each segmental ganglion, segmental nerves branch out to innervate the muscles,
sense organs, and other structures within that particular segment.

The ventral nerve cord is effectively a double nerve cord that has fused into a single
structure during development, though its paired origin is still evident internally in some
areas. It relays impulses to and from the anterior ganglia, coordinating body-wide

movements like peristalsis.
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Reproductive System: Male and Female Reproductive Organs

Earthworms are hermaphrodites (monoecious), meaning each individual possesses
both male and female reproductive organs. However, they typically undergo cross-
fertilization, where two worms exchange sperm during copulation. This is because their male
and female reproductive organs mature at different times (a condition called protandry),
which prevents self-fertilization, and also due to the relative positions of their genital pores.

A. Reproductive System: Male and Female Reproductive Organs
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Reproductive System of Earthworm

I. Male Reproductive Organs (located more anteriorly)
1. Testes (Segments 10 & 11)

o There are two pairs of small, whitish, lobed structures (often finger-like projections)
located in the 10™ and 11™ segments, typically associated with the anterior aspect of
the septa.

o These are the primary male gonads, responsible for producing spermatogonia
(immature sperm cells).

o They are very delicate and often difficult to see clearly as they are enclosed within

testis sacs.
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Testis Sacs (Segments 10 & 11)

o The testes in each segment are enclosed within larger, paired, fluid-filled sacs called
testis sacs or seminal funnels (though the term "seminal funnels" specifically refers to
the ciliated funnels within these sacs).

o The spermatogonia migrate from the testes into these sacs and then further into the
seminal vesicles for maturation.

Seminal Vesicles (Segments 9, 11 & 12, or typically 11 & 12)

o These are the most prominent and easily identifiable male reproductive structures.

o There are two or three pairs of large, whitish, lobed, sac-like structures that bulge
out laterally from the oesophagus region.

o The spermatogonia (from the testes in segments 10 and 11) move into these seminal
vesicles, where they undergo maturation into spermatozoa (mature sperm). They also
serve as temporary storage for the mature sperm.

Spermiducal Funnels / Vasa Efferentia (Segments 10 & 11)

o Within each testis sac (in segments 10 and 11), there's a pair of large, ciliated, folded
funnels that collect the mature spermatozoa from the seminal vesicles.

o These funnels lead into short ducts called vasa efferentia.

. Vasa Deferentia (Segment 10 to 18)

o The vasa efferentia from segments 10 and 11 on each side unite to form a single,
slender tube called the vas deferens.

o These two vasa deferentia (one on each side) run posteriorly along the ventral body
wall.

o They eventually unite with the prostatic ducts (described next) and open to the

exterior.

. Prostate Glands (Segment 17 & 18, or sometimes 18/19)

o These are paired, large, irregular, whitish glandular masses located laterally in
segments 17 and 18 (sometimes extending to 19).

o They secrete a fluid that mixes with the sperm, forming semen, which aids in sperm
viability and transfer.

o Each prostate gland has a duct that joins with the vas deferens on its respective side.

. Male Genital Pores (Segment 18)

o The combined vas deferens and prostatic duct from each side open to the exterior
through a single pair of male genital pores located ventrolaterally on the 18th

segment.
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II. Female Reproductive Organs (located more posteriorly than male organs)

1.

Ovaries (Segment 13)

o There is a single pair of very small, delicate, whitish, finger-like (or beaded)
structures attached to the posterior face of the septum between segments 12 and 13 (so
they are found in segment 13).

o These are the female gonads, responsible for producing ova (eggs). They are often
difficult to locate due to their small size and fragility.

Oviducal Funnels (Segment 13)

o Just below each ovary, also in segment 13, is a small, ciliated, saucer-shaped funnel
called the ovarian or oviducal funnel.

o These funnels collect the mature ova released from the ovaries.

Oviducts (Segment 13-14)

o Each oviducal funnel leads into a very short, slender tube called the oviduct.

o The two oviducts (one from each side) converge and unite in segment 14.

Female Genital Pore (Segment 14)

o The fused oviduct opens to the exterior through a single, median female genital pore
located ventrally on the 14th segment.

Spermathecae / Seminal Receptacles (Segments 6, 7, 8 & 9, or 5-9)

o These are distinct structures involved in storing sperm received from another
earthworm during copulation.

o There are usually four pairs of small, flask-shaped, whitish sacs located in
segments 6, 7, 8, and 9 (intersegmentally at 5/6, 6/7, 7/8, and 8/9, meaning their
openings are between these segments externally, but the sacs themselves are within
the more posterior segment of the pair).

o Each spermatheca typically has a main chamber (ampulla) and a smaller diverticulum
(though the diverticulum might be absent in some species or less prominent). The
diverticulum is often where the sperm received is stored.

o They open to the exterior by small spermathecal pores located ventrolaterally in the

intersegmental grooves where they are situated.
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Temporary Preparations
A. Gizzard
A temporary mount of the gizzard would be prepared to observe its thick, muscular
wall and the presence of ingested grit.
e Preparation

= After dissecting the earthworm, carefully remove a small piece of the gizzard wall.

= Place the piece on a clean glass slide.

= Add a drop of physiological saline or water to keep it moist.

= Carefully lower a coverslip over the specimen, avoiding air bubbles. Gentle pressure
can be applied to flatten the tissue slightly.

e Observation (under microscope)

o You'll observe the exceptionally thick, muscular walls of the gizzard, which appear
as dense, interwoven muscle fibers. This muscularity is crucial for its grinding
function.

o Often, you'll see small, irregular, hard particles of sand or grit embedded within the
lumen or attached to the inner lining. These particles act like "teeth" to help pulverize
the ingested soil and organic matter.

o The inner lining might show a cuticular layer, which protects the gizzard from

abrasion.
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B. Septal Nephridia
Septal nephridia are excretory organs found in most segments, responsible for

filtering waste from the coelomic fluid.
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e Preparation
= Carefully cut out a septum (the thin partition between segments) from the post-
clitellar region (segments posterior to the clitellum).
» Place the septum on a clean glass slide. You'll see numerous small, coiled, white
structures attached to it—these are the septal nephridia.
* Add a drop of physiological saline or water.
= QGently lower a coverslip, ensuring the nephridia are not crushed.
e Observation (under microscope)
= You'll see numerous coiled, thread-like tubules that form the main body of the
nephridium.
= At one end of the coiled tubule, you might be able to identify the nephrostome, a
ciliated, funnel-shaped opening that opens into the coelomic cavity of the preceding
segment. This is where coelomic fluid is drawn in.
= The tubules will lead to a nephridiopore, a tiny opening on the body surface (though
this external opening is typically too small to see in a whole mount).
= The intricate coiling of the tubules provides a large surface area for the reabsorption

of useful substances and the secretion of waste products.
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C. Spermatheca

Spermathecae (or seminal receptacles) are structures that store sperm received during

copulation.

e Preparation

Carefully dissect and isolate one of the small, flask-shaped spermathecae from
segments 6-9.

Place it on a clean glass slide.

Add a drop of physiological saline or water.

Gently lower a coverslip. You might need to apply slight pressure to flatten it.

e Observation (under microscope)

You'll observe the characteristic flask-like or pear-shaped structure of the
spermatheca.

It typically consists of a main, wider chamber called the ampulla (for storing sperm).
In many species, you might also see a smaller, blind-ended diverticulum attached to
the ampulla or its duct. This diverticulum is often the actual storage site for the
received spermatozoa.

If the earthworm has recently copulated, you may be able to see masses of stored
spermatozoa within the ampulla or diverticulum, appearing as tiny, motile (in a fresh

mount) or static thread-like structures.
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D. Setae

Setae are the chitinous bristles that help the earthworm anchor itself and move

through the soil.

e Preparation

Carefully scrape the ventral surface of a segment (from a live or recently preserved
worm) with a blunt scalpel or strong needle. This should dislodge some setae.
Alternatively, cut out a small piece of the body wall containing setae.

Place the dislodged setae or body wall piece on a clean glass slide.

Add a drop of water or glycerine. Glycerine helps in clearer observation due to its
refractive index.

Gently lower a coverslip.

e Observation (under microscope)

You'll see numerous small, curved, S-shaped, chitinous bristles.

Each seta will appear somewhat pointed at both ends and slightly swollen in the
middle, forming a nodule.

You might observe fine striations or sculpturing on the surface of the setae,
depending on the magnification and clarity.

If you've mounted a piece of body wall, you can see how the setae are embedded in
small sacs (setal sacs) within the epidermis and musculature, allowing them to be

protracted and retracted.
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Foot In Mollusca: Chiton, Pila, Mytilus, Unio and Sepia
1. Chiton (Class: Polyplacophora)
¢ Broad, flat, muscular ventral sole.
o The foot in chitons occupies most of the ventral surface of the body, extending almost
the entire length beneath the eight dorsal shell plates. It is a large, flattened structure.
e Function
o Creeping/Crawling: The broad, flat sole is perfectly adapted for creeping slowly
over hard substrata like rocks.
o Adhesion: It has significant power of adhesion, allowing the chiton to cling very
powerfully to irregular rock surfaces, even in strong wave action, acting like a

suction cup. This is achieved by creating a vacuum and secreting mucus.
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2. Pila (Apple Snail) (Class: Gastropoda)

e Large, broad, flat, ventral muscular sole.

e The foot of Pila is prominent, triangular when viewed ventrally, with a broad, flat
sole. It is highly muscular and extensible, allowing the snail to protrude it from the
shell. The operculum, a calcareous plate, is attached to the posterior dorsal part of the
foot and serves to seal the shell aperture when the animal retracts.

e Function

o Creeping/Gliding: Pila moves by creeping on its broad, flattened sole. Wave-like
muscular contractions of the foot, lubricated by mucus secreted from pedal glands,
propel the animal forward in a gliding motion.

o Attachment: The foot can also adhere to surfaces.

o Withdrawal: The strong columellar muscle, which arises from the foot, allows

the animal to withdraw into its shell and close the operculum rapidly.
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3. Mytilus (Mussel) (Class: Bivalvia)
e Tongue-like or hatchet-shaped, often reduced.
e In Mytilus (and most sessile bivalves), the foot is relatively small and typically
tongue-shaped or finger-like, compared to burrowing bivalves. It is not used for
locomotion in adult mussels.
e Function
o Byssal Thread Formation: Its primary function in adult Mytilus is the secretion
of byssal threads. These strong, proteinaceous threads are produced by the byssal
gland located in the foot and are used to firmly attach the mussel to hard
substrata (rocks, pilings, other shells).

o Inmitial Attachment/Crawling (Larval Stage): In the larval stage (pediveliger),
the foot is more developed and is used for limited crawling and initial attachment

before permanent settlement.
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4. Unio (Freshwater Mussel) (Class: Bivalvia)

e Large, muscular, axe-shaped or wedge-shaped.

e Unio possesses a large, robust, and laterally compressed foot that is distinctly axe-
shaped or wedge-shaped. It is very muscular and well-suited for digging.

e Function
o Burrowing: This specialized foot is used for burrowing into soft sediments (mud

or sand) at the bottom of freshwater bodies. The mussel extends its foot into the

substrate, expands the tip to anchor, and then contracts retractor muscles to pull
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the entire body downwards. This process is repeated to allow slow but effective
locomotion through the sediment.
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5. Sepia (Cuttlefish) (Class: Cephalopoda)

Modified into arms and tentacles.

In cephalopods like Sepia, the ancestral molluscan foot has undergone the most

dramatic modification, evolving into the set of circumoral appendages (arms and

tentacles) surrounding the mouth.

Sepia typically has eight shorter arms and two longer, retractile tentacles. The arms

are muscular and bear suckers along their length. The tentacles are longer and have

suckers only at their expanded tips (clubs).

Function

o Prey Capture: The arms and tentacles are primarily used for capturing prey. The
tentacles can be rapidly extended to snatch prey, while the arms manipulate it
towards the mouth.

o Locomotion (Minor Role): While jet propulsion (using the mantle cavity and
funnel) is the primary mode of fast locomotion, the arms can be used for crawling
along the seafloor for short distances.

o Manipulation and Sensory: The arms are highly sensitive and used for exploring

the environment, manipulating objects, and sometimes for defense.
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Pedicellariae in Echinodermata

A. Structure
A typical pedicellaria consists of two main parts

1. Stalk: A slender, flexible or rigid stalk, often composed of calcareous ossicles, which
elevates the head above the body surface. The length and flexibility of the stalk vary
greatly depending on the type and species.

2. Head (Jaws/Valves): The terminal part of the pedicellaria, resembling tiny pincers or
jaws. The head is composed of two to five (most commonly two or three) movable
calcareous ossicles (valves) that articulate with a basal ossicle.

o Muscles: Small muscles (adductor and abductor muscles) control the opening and
closing of these valves, allowing them to grasp objects.

o Sensory Receptors: Each pedicellaria has its own set of sensory receptors and
nervous connections, enabling them to respond independently to stimuli.

B. Types of Pedicellariae (Common Examples)

The morphology of pedicellariae is highly diverse and is often used in echinoderm

taxonomy. Here are some common types found in sea stars and sea urchins

dermal branchieae

skelatal muscle

A. Cluster of Pedicillariae  B. Straight Type C. Crossed Type
e In Sea Stars (Asteroidea)

o Straight Type: Characterized by valves that are relatively straight and articulate directly
with the basal plate. They are often larger and can be sessile (without a prominent stalk)
or stalked.

o Crossed Type: The valves cross over each other at their base, often appearing more
delicate and typically found on stalks or in clumps around spines. These are particularly
effective at grasping fine debris.

o Forcipulate Type: (e.g., in Asterias and Acanthaster - Crown-of-Thorns Sea Star) -
These have forceps-like valves, often with three components, that can be quite powerful.

e In Sea Urchins (Echinoidea): Sea urchins generally have four main forms, which can be

stalked or sessile:
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Tridactylous (Three-fingered/Three-jawed): The most common type, with three long,
slender, finger-like valves. Used for general cleaning.
Ophicephalous (Snake-headed): Resembling a snake's head, with a rounded base and a
relatively short, broad head. Used for cleaning.
Triphyllous (Three-leafed): Smaller, often leaf-shaped valves. Also primarily for
cleaning.
Globiferous (Globe-bearing): These are distinct because they have venom glands
associated with their valves, giving the head a more bulbous or globe-like appearance.
The tips of the valves often have fang-like projections for injecting venom. (e.g.,
Toxopneustes pileolus, the "flower urchin," known for its highly venomous globiferous

pedicellariae).

C. Location

Pedicellariae are typically scattered over the entire body surface of sea stars and sea

urchins, often intermingled with spines and tube feet. Their specific distribution can vary:

Around the base of spines: This is a common arrangement, allowing them to clean the
spine surface.

On the general body surface (test): Scattered freely over the aboral (upper) and
sometimes oral (lower) surfaces.

In pits or depressions: In some species, they might be found in specialized depressions
on the body.

Along ambulacral grooves: In sea stars, they can be found adjacent to the tube feet.

D. Functions

Pedicellariae serve multiple vital functions for echinoderms:

Cleaning the Body Surface (Antifouling): This is perhaps their most widespread and
important function. They constantly "snip off" and remove small debris, larvae of
fouling organisms (like algae, barnacles), and parasites that might settle on the body
surface. This keeps the epidermis clean for respiration and prevents the build-up of
material that could hinder movement or gas exchange.

Defense: By grasping and pinching, they can deter small predators or scavengers from
settling on or attacking the echinoderm. In the case of globiferous pedicellariae, the
injection of venom provides a potent chemical defense.

Food Capture (in some species): In certain species, particularly some deep-sea
asteroids (e.g., Brisingids), the pedicellariae are large and modified for actively capturing
small prey, such as crustaceans or small fish, which are then transferred to the mouth by
the tube feet.

Protection of Dermal Branchiae/Papulae: They may guard the delicate dermal

branchiae (skin gills) to prevent them from being clogged or damaged.
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Salient Features of Minor Phyla: Bugula, Sagitta and Lingula
Bugula (Phylum: Bryozoa)
Bugula belongs to the phylum Bryozoa, also known as "moss animals" due to their

colonial, often plant-like appearance. They are predominantly marine, sessile filter feeders.
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e Colonial Organization: Bugula forms branching, tree-like colonies (arborescent) that
are typically several centimeters tall. These colonies are made up of numerous individual
zooids (polyps).

e Zooid Structure: Each zooid lives within a chitinous or calcareous box-like chamber
called a zooecium. Each zooid has a retractable feeding structure called a lophophore.

e Lophophore: The lophophore is a circular or U-shaped crown of ciliated tentacles
surrounding the mouth. These cilia create water currents that draw food particles
(plankton, detritus) into the mouth. When disturbed, the lophophore can be rapidly
withdrawn into the zooecium.

e Polymorphism: Colonies often exhibit polymorphism, meaning different types of
zooids specialize in various functions.

o Autozooids: The most common type, responsible for feeding and reproduction.

o Avicularia: Highly modified, bird-head-shaped zooids that lack a lophophore. They
have a movable jaw-like operculum that snaps shut, deterring predators or clearing
debris from the colony surface.

o Vibracula: Found in some species, these have long bristles (setae) that sweep the

colony surface, helping to remove sediment.
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e Reproduction: Bryozoans reproduce both asexually (by budding to expand the colony)

and sexually. They are hermaphroditic, often releasing lecithotrophic larvae or producing
brood chambers (ovicells or ooecia) for larval development.

o Habitat & Ecology: Bugula species are common fouling organisms that attach to

various submerged surfaces like rocks, ship hulls, and aquaculture equipment. They play

a role in marine ecosystems as filter feeders.

Sagitta (Phylum: Chaetognatha)
Sagitta is a genus within the phylum Chaetognatha, commonly known as "arrow
worms" due to their transparent, torpedo-shaped bodies. They are voracious marine predators,

primarily components of the zooplankton.
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e Arrow-like Body: Sagitta has a distinctive elongated, slender, and transparent
body that resembles an arrow. The body is divided into a head, trunk, and tail.

e Grasping Spines: The head bears a distinctive set of chitinous, curved grasping
spines (or hooks) arranged around the mouth. These are used to seize and hold prey.
There are also smaller teeth-like structures within the mouth.

o Fins: They possess several pairs of lateral fins and a caudal (tail) fin, which are
horizontal and supported by fin rays. These fins are used for stability and sudden

bursts of movement to capture prey, rather than continuous propulsion.
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e No Respiratory, Circulatory, or Excretory Systems: A remarkable feature is the
absence of specialized respiratory, circulatory, or excretory organs. Gas exchange
occurs across the body surface, and waste is removed directly from cells.

o Hermaphroditic: Chaetognaths are hermaphroditic, possessing both male and
female gonads. Self-fertilization can occur, but cross-fertilization is also common.
The eggs are laid freely in the water.

o Predatory Lifestyle: Sagitta are highly efficient carnivores, feeding on copepods,
other small crustaceans, and even fish larvae. They detect prey using sensory bristles
and rapidly seize them with their grasping spines.

o Ecological Importance: As abundant zooplankton predators, chaetognaths play a

crucial role in marine food webs, linking smaller plankton to larger nekton.

Lingula (Phylum: Brachiopoda)

Lingula is a genus of Brachiopods, often called "lamp shells" due to their superficial
resemblance to ancient oil lamps. Lingula is particularly famous as a living fossil, having
changed little in morphology over hundreds of millions of years. It belongs to the class

Inarticulata, meaning its shell valves are not hinged by teeth and sockets.

Lingula

o Bivalved Shell: Lingula possesses a two-part shell (valves), but unlike bivalve
molluscs, the two valves are dorsal and ventral (not lateral). The valves are elongated,
tongue-shaped, and roughly equal in size. They are made of chitin and calcium
phosphate, giving them a leathery appearance.

o Pedicle: A long, fleshy, contractile stalk called the pedicle extends from the posterior
end between the two valves. The pedicle is anchored deep within the sediment.

o Lophophore: Like bryozoans, brachiopods possess a lophophore, a coiled or looped
structure with ciliated tentacles. This internal structure is used for filter feeding by
creating water currents and trapping food particles. When the shell is open, the
lophophore extends into the water.

o Sessile & Burrowing: Lingula is a sessile, infaunal (burrowing) organism. It lives

embedded in soft sediments, with only the anterior edge of its shell protruding above
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the seabed, allowing it to filter feed and respire. The pedicle anchors it securely within
its burrow.
Open Circulatory System: They have an open circulatory system with a contractile
heart.
Separate Sexes: Unlike many other minor phyla, Lingula typically has separate
sexes (gonochoric). Fertilization is external, and larvae develop into adult form.
Geological Significance: Lingula is renowned for its remarkable evolutionary
stasis, making it one of the longest-surviving animal genera. Its fossil record extends
back to the Cambrian period, providing valuable insights into ancient marine

ecosystems.
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Invertebrates in Medicine

Invertebrates have been utilized for medicinal purposes for centuries, a practice that
continues in modern times, particularly in niche applications. Two prominent examples are
leeches for leech therapy and honey bees for apitherapy.
1) Leech (Hirudo medicinalis) — Leech Therapy

Leech therapy, also known as hirudotherapy, involves the controlled application of
medicinal leeches to the skin to achieve therapeutic effects. The primary species used is the

medicinal leech, Hirudo medicinalis.

SEGMENTAL
RECEPTOR

Salient Features and Mechanism

e Anticoagulant Properties: The most crucial aspect of leech therapy lies in the bioactive
compounds secreted in the leech's saliva. The most famous is hirudin, a potent
anticoagulant that directly inhibits thrombin, preventing blood clotting. Other substances
include calin (another anticoagulant causing prolonged oozing), hyaluronidase (an
enzyme that increases tissue permeability, allowing other substances to spread),
vasodilators (like histamine-like compounds that increase blood flow to the area), and
anesthetics (which numb the bite site, making the bite relatively painless).

o Blood Removal & Decongestion: Leeches feed on blood, and while the volume of blood
removed by a single leech is small (around 5-15 mL), the sustained oozing from the bite
site (due to anticoagulants) for several hours after the leech detaches significantly
contributes to decongestion.

e Controlled Application: Medical-grade leeches are specifically bred in sterile

environments to prevent the transmission of diseases.
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Applications (Leech Therapy)

Microsurgery and Reconstructive Surgery: This is the primary modern application.
Leeches are invaluable in cases of venous congestion following reattachment surgeries
(e.g., reattached fingers, toes, ears, or skin flaps). When arterial blood flow is good but
venous outflow is compromised (blood flows in but gets trapped), leeches are used to
draw off the excess blood, relieve swelling, and establish circulation, preventing tissue
death.

Hematoma Resolution: Leeches can help resolve localized hematomas (collections of
blood) by continuously draining non-clotted blood.

Arthritis and Pain Management: Historically and in some traditional medicine
systems, leeches have been used to reduce pain and inflammation in conditions like
osteoarthritis, though scientific evidence for these applications is less robust compared to
microsurgery.

Cardiovascular Conditions: Research is exploring the potential of leech saliva
compounds in treating blood clots and improving circulation in certain cardiovascular

diseases, due to their anticoagulant and anti-inflammatory properties.

Practical Aspects

During a procedure, a medical-grade leech is placed on the affected area. It attaches

using its suckers and makes a small Y-shaped incision with its three jaws. It then releases its

saliva and feeds for 30-60 minutes until engorged, after which it detaches spontaneously. The

bite site continues to bleed for several hours, providing continuous drainage. Patients are

often prescribed antibiotics to prevent infection from bacteria (primarily Aeromonas)

naturally present in the leech's gut.
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2) Honey Bees — Apitherapy

Apitherapy is a branch of alternative medicine that utilizes various products from

honey bees (Apis mellifera and other species) for therapeutic purposes.
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Salient Features of Bee Products and Mechanisms

Honey: A complex sugar solution with antimicrobial, anti-inflammatory, and antioxidant

properties. It contains enzymes, vitamins, minerals, and phenolic compounds.

o Mechanism: Its high sugar content, low water activity, and the presence of hydrogen
peroxide (produced by an enzyme) create an unfavorable environment for microbial
growth. It also promotes wound healing and tissue regeneration.

Bee Venom: A complex mixture of proteins and peptides, including melittin (anti-

inflammatory, antimicrobial), apamin (neurotoxin), hyaluronidase (enhances venom

spread), and adolapin (analgesic, anti-inflammatory).

o Mechanism: The compounds in venom can modulate immune responses, reduce
inflammation, and provide pain relief.

Propolis: A resinous substance collected by bees from tree buds, known for its strong

antimicrobial, antiviral, antifungal, anti-inflammatory, and antioxidant properties.

o Mechanism: Rich in flavonoids and phenolic acids, it can inhibit bacterial and viral
growth and reduce oxidative stress.

Bee Pollen: A rich source of proteins, amino acids, vitamins (especially B vitamins),

minerals, lipids, and antioxidants.

o Mechanism: Primarily used as a nutritional supplement, it may boost immunity and
overall health.

Royal Jelly: A milky secretion produced by worker bees to feed the queen bee and

young larvae, rich in proteins, B vitamins, and fatty acids.

o Mechanism: Valued for its nutritional content, it's often marketed for its supposed

anti-aging, immune-boosting, and energy-enhancing effects.
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Beeswax: Used as a base for ointments and creams due to its emollient and protective

properties.

Applications (Apitherapy)

Wound Healing & Burns: Honey is widely used topically for its antimicrobial and
healing properties, particularly in chronic wounds, burns, and ulcers.

Anti-inflammatory & Pain Relief: Bee venom therapy (BVT) is explored for conditions
like arthritis (e.g., osteoarthritis, rheumatoid arthritis), multiple sclerosis (MS), and
various pain syndromes due to its anti-inflammatory and analgesic compounds.

Immune System Modulation: Bee products like propolis and royal jelly are used to
support the immune system.

Respiratory Conditions: Honey can soothe coughs and sore throats. Propolis may be
used for upper respiratory tract infections.

Skin Conditions: Honey and propolis are incorporated into products for various skin
ailments, including acne and eczema.

Oral Health: Propolis-containing mouthwashes are studied for their effects on gingivitis

and plaque.
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The Study of Alpha, Beta and Gamma Diversity
(From Forest and Grassland Habitats)
What is Alpha, Beta, and Gamma Diversity?

Alpha Diversity (a-diversity): This refers to the species diversity within a specific local
area or habitat. It's typically measured as the number of species (species richness) within
a defined plot or ecological unit, or by using diversity indices that also consider species
abundance (e.g., Shannon-Wiener Index, Simpson's Index). For example, the number of
plant species found in a Im? quadrat within a specific forest patch represents its alpha
diversity.

Beta Diversity (B-diversity): This measures the species diversity between different
habitats or communities within a larger region. It quantifies the turnover or changes in
species composition as you move from one habitat to another. High beta diversity
indicates that different habitats have distinct species assemblages. For instance,
comparing the bird species found in a forest patch versus an adjacent grassland patch and
noting the unique species in each would contribute to beta diversity.

Gamma Diversity (y-diversity): This represents the total species diversity across a
larger landscape or region, encompassing multiple habitats or ecosystems. It is
essentially the sum of alpha and beta diversity, reflecting the overall biodiversity of a
broader area. For example, the total number of all plant and animal species found across

an entire forest-grassland mosaic landscape represents its gamma diversity.
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Diversity withon a particular Comparision of diversity Total diversity across a large
area or ecosystem between systems, usually region or landscape

measured as the change in

species composition
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Methods for Studying Diversity in Forest and Grassland Habitats

Studying diversity involves systematic sampling and identification of species. The

methods vary depending on the type of organisms being surveyed (plants, insects, birds,

mammals, etc.) and the scale of the study.

General Sampling Techniques

Quadrat Sampling: Widely used for plants and sessile or slow-moving invertebrates.
Square or rectangular frames (quadrats) of a defined size (e.g., Im?, 10m?) are randomly
placed within the study area. All species within the quadrant are identified and counted
or their abundance is estimated (e.g., using cover percentage or ACFOR scale). Multiple
quadrats are used to obtain representative data.

Transect Sampling: Involves laying out a line (tape or rope) across a habitat. Species
are recorded along the line at set intervals or within a specified strip on either side of the
line. This is useful for studying changes in species composition along environmental
gradients.

Netting: Used for mobile organisms.

o Sweep Netting: For insects in herbaceous vegetation (grasslands, forest

undergrowth).

o Mist Netting: For birds and bats, fine nets are set up to capture individuals for

identification and release.

o Pitfall Traps: Containers sunk into the ground to catch crawling invertebrates.
Direct Observation and Surveys: For larger, more easily observable animals (e.g.,
birds, mammals), direct counts, line transects, or point counts can be employed.
Environmental DNA (eDNA): A non-invasive method that involves collecting
environmental samples (soil, water) and analyzing the DNA present to detect species.
This can be particularly useful for cryptic or rare species.

Automated Monitoring: Acoustic recorders for birds or bats, camera traps for
mammals, and remote sensing technologies (e.g., satellite imagery, drones) are

increasingly used to collect data over larger areas.

Specific Considerations for Forest and Grassland Habitats

Forest Habitats

o Vegetation: Quadrats for understory plants, transects for tree density and species
composition, dendrometer bands for tree growth.

o Invertebrates: Canopy fogging (for arboreal insects), litter sifting (using Tullgren
funnels) for soil and leaf litter invertebrates, pitfall traps.

o Vertebrates: Bird point counts, mist netting, camera trapping, bat acoustic surveys.
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Grassland Habitats

o Vegetation: Quadrats for herbaceous plants, biomass clipping to estimate
productivity, transects for species distribution.

o Invertebrates: Sweep netting, pitfall traps, direct observation.

o Vertebrates: Bird transects, small mammal trapping (e.g., Sherman traps), camera

trapping for larger mammals.

Data Analysis and Indices

Once data is collected, various indices and statistical methods are used to quantify

diversity.

Species Richness (S): The simplest measure, which is just the total number of species

recorded.

Shannon-Wiener Index (H'): A popular index that considers both species richness and

evenness (how equally abundant species are). A higher value indicates greater diversity.

The formula is: H'==)i=1S(pilnpi) where pi is the proportion of individuals belonging to

the ith species.

Simpson's Index (D): Measures the probability that two individuals randomly selected

from a sample will belong to the same species. D =) 1=1S(pi2) A higher value of D

indicates lower diversity (dominated by a few species), so often the inverse (1-D) or

reciprocal (1/D) is used, where higher values indicate higher diversity.

Jaccard Index or Sorensen Coefficient: These are commonly used to calculate beta

diversity by comparing the species composition between two sites. They quantify the

similarity or dissimilarity.

o Jaccard Index of Similarity (Jsim): Jsim=A+B—CC where A = number of species
in site 1, B = number of species in site 2, C = number of species common to both
sites.

o Sorensen Coefficient of Similarity (Ssim): Ssim=A+B2C For beta diversity, the
inverse of these similarity indices can be used to represent dissimilarity, or
Whittaker's beta diversity can be calculated as: B = oy where vy is the total species
richness of the landscape (gamma diversity) and o~ is the mean alpha diversity of the

sites.
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Study of Species Richness, Evenness, and Abundance Using Samples

Studying species richness, evenness, and abundance using samples is fundamental to

understanding biodiversity and the health of ecosystems. These three components provide a

comprehensive picture beyond just a simple count of species.
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What is Species Richness, Evenness and Abundance?

Species Richness (S): This is the most basic measure, simply the total number of
different species present in a given sample or area. For example, if you find 10 different
types of insects in a collected sample, the species richness is 10. It doesn't consider how
many individuals of each species there are.

Species Abundance: This refers to the number of individuals of a particular species
within a sample or community. It can be expressed as absolute counts (e.g., 5 oak trees,
20 butterflies of a certain species) or relative abundance (the proportion of individuals of
a species relative to the total number of individuals in the sample).

Species Evenness: This measures how similar the abundances of different species are
within a community. A community has high evenness if all species are represented by a
similar number of individuals. If a few species are very common while others are rare,
the evenness is low. For instance, two forests might both have 10 tree species (same
richness), but one where each species has 10 trees is more even than one with 91 trees of

one species and 1 tree for each of the other nine.
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How to Study Them Using Samples

Studying these metrics involves systematic sampling to collect representative data

from a larger area or population. Since it's often impractical or impossible to count every

individual of every species in an entire ecosystem, samples are used to make estimates.

1. Sampling Methods

The choice of sampling method depends on the organisms being studied, the habitat

type, and the research questions. Common methods include

Quadrat Sampling: Used for sessile (non-moving) or slow-moving organisms like
plants, corals, or some invertebrates. A square or rectangular frame (quadrat) of a
specific size (e.g., Im?, 10m?) is randomly placed within the study area. All individuals
of each species within the quadrat are identified and counted. Multiple quadrats are used
to ensure the sample is representative.
Transect Sampling: Involves laying out a line (transect) across a habitat. Data is
collected along the line, either by counting individuals within a certain distance from the
line (belt transect) or by noting species presence/absence at points along the line (point
transect). This is wuseful for studying changes in species composition along
environmental gradients.
Netting (e.g., Sweep Netting, Mist Netting)
o Sweep Netting: Used for insects in herbaceous vegetation; a net is swept through
the vegetation to collect individuals.
o Mist Netting: Fine mesh nets are used to capture birds or bats, which are then
identified, measured, and released.
Trapping (e.g., Pitfall Traps, Camera Traps, Live Traps)
o Pitfall Traps: Cups or containers buried in the ground to catch crawling
invertebrates.
o Camera Traps: Motion-activated cameras that record images or videos of
animals, especially useful for cryptic or nocturnal mammals.
o Live Traps (e.g., Sherman traps): Used to capture small mammals for
identification, marking, and release.
Direct Observation/Point Counts: For highly visible organisms like birds. An observer
stands at a fixed point for a set time, identifying and counting all species seen or heard
within a defined radius.
Environmental DNA (eDNA): A non-invasive technique where DNA shed by
organisms into the environment (e.g., water, soil) is collected and analyzed to detect

species presence.
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2. Data Collection
For each sample (e.g., a quadrat, a mist-netting session):
o Identify every unique species present. This contributes to species richness.
e Count the number of individuals for each identified species. This gives you the

abundance of each species.

3. Data Analysis and Indices

Once the raw data (species lists and their abundances) are collected from multiple
samples, various calculations are performed:
A. Species Richness

e Observed Species Richness (S): Simply the total count of unique species identified
in all samples combined.

e Species Accumulation Curves / Rarefaction Curves: These graphs plot the
cumulative number of species discovered against the number of samples taken or
individuals observed. They help assess if sampling effort has been sufficient to
capture most of the species in the area. If the curve plateaus, it suggests most species
have been found.

o Estimators of True Richness: Statistical methods (e.g., Chaol, Jackknife estimators)
are used to estimate the total number of species likely present in the habitat, even
those not observed in the samples (especially useful for rare species).

B. Abundance

o Absolute Abundance: The raw count of individuals for each species (e.g., 50
individuals of Species A).

e Relative Abundance (pi): The proportion of individuals of a specific species (ni)
compared to the total number of individuals (N) in the sample: pi=Nni (e.g., if Species
A has 50 individuals out of a total of 200, pA=50/200=0.25).

o Rank-Abundance Plots (Whittaker Plots): Species are ranked from most to least
abundant on the x-axis, and their abundance (often on a log scale) is plotted on the y-
axis. These plots visually display both richness (number of points) and evenness
(slope of the curve — a steeper slope means lower evenness/higher dominance).

C. Evenness
Evenness is typically calculated using an index that incorporates both species richness
and abundance.

o Pielou's Evenness Index (J’): This index ranges from 0 to 1, where 1 indicates

perfect evenness (all species equally abundant). It's often calculated in conjunction
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with the Shannon-Wiener Index. J'=Hmax'H' Where H’ is the Shannon-Wiener Index
(see below) and Hmax'=In(S) (the maximum possible Shannon diversity for a given

richness S).

D. Combined Diversity Indices

These indices integrate both richness and evenness into a single value, providing a more

holistic measure of diversity.

Shannon-Wiener Index (H’): A widely used index that quantifies the uncertainty in
predicting the species of a randomly chosen individual. Higher values indicate greater
diversity (both richness and evenness). H'==) i=1S(pilnpi) Where:
o S = total number of species (species richness)
o pi=proportion of individuals belonging to the ith species
o In=natural logarithm
Simpson's Index (D): Measures the probability that two individuals randomly
selected from a sample will belong to the same species. D=)i=1S(pi2) Often, the
inverse (1/D) or the complement (1-D) is used, where higher values indicate greater
diversity.
o Simpson's Index of Diversity (1-D): Ranges from 0 (no diversity) to nearly 1
(high diversity).
o Simpson's Reciprocal Index (1/D): Ranges from 1 (no diversity) to S (the
number of species, indicating maximum diversity if all species are equally

abundant).
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Estimation of Biodiversity by Simpson’s Diversity Index Using Sample Data

Simpson's Diversity Index is a commonly used ecological measure to estimate
biodiversity from sample data. It quantifies the probability that two individuals randomly
selected from a sample will belong to the same species. Because of this, a lower value of the
original Simpson's Index (D) indicates higher diversity, while a higher value indicates lower
diversity (dominance by a few species). To make it more intuitive, it's often presented as the
Simpson's Index of Diversity (1-D) or the Simpson's Reciprocal Index (1/D), where higher
values correspond to greater diversity.

Understanding the Components of Biodiversity
Before diving into the calculation, it's important to recall that biodiversity involves
more than just the number of species:
o Species Richness: The total number of different species in a sample.
e Species Abundance: The number of individuals of each species.
e Species Evenness: How evenly distributed the individuals are among the different
species.

Simpson's Index is particularly useful because it takes into account both species
richness and species evenness. It gives more weight to the more abundant species in a
sample.

Formulae for Simpson's Diversity Index

There are three common ways to express Simpson's Diversity Index, all derived from
the same core principle:
1. Simpson's Index (D)

This is the original formulation, measuring the probability that two randomly selected

individuals will belong to the same species. The formula is: D=)i=1Spi2 where

o S = total number of species in the sample (species richness)

o pi = the proportion of individuals belonging to the ith species. This is
calculated as ni/N, where ni is the number of individuals of species 1, and N is
the total number of all individuals in the sample.

Alternatively, for sample data (where we use counts rather than proportions directly):

D=N(N—-1)>1=1Sni(ni—1) where:

o ni = the number of individuals of species i

o N = the total number of all individuals in the sample

Interpretation of D

o A value of 0 indicates infinite diversity (highly diverse, unlikely to pick the

same species twice).
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o A value of 1 indicates no diversity (only one species present, certainty of
picking the same species twice).
o Lower D values = Higher diversity.
2. Simpson's Index of Diversity (1-D)
This is the most intuitive and commonly used version, as it ranges from 0 to 1, with
higher values indicating greater diversity. It represents the probability that two
randomly selected individuals will belong to different species. The formula is:
1-D=1-3_i=1Spi2 or 1-D=1-N(N—1)> i=1Sni(ni—1)
Interpretation of 1-D
o A value of 0 indicates no diversity (community dominated by one species).
o A value of 1 indicates infinite diversity (very high diversity).
o Higher (1-D) values = Higher diversity.
3. Simpson's Reciprocal Index (1/D)
This index also increases with diversity. Its value starts at 1 (for a community with
only one species) and increases with the number of species and their evenness. The
maximum value it can reach is equal to the number of species (S) when all species are
equally abundant. The formula is: 1/D=}i=1Spi21 or 1/D=)i=1Sni(ni—1)N(N—1)
Interpretation of 1/D
o A value of 1 indicates no diversity (only one species).
o Higher (1/D) values = Higher diversity.
o The maximum value is the total number of species (S).
Steps for Estimation using Sample Data
Sample Data Example: Imagine you took a sample from a forest and found the following

number of individuals for five different tree species:

Species Number of Individuals (ni)
Oak (Species A) 25
Maple (Species B) 18
Pine (Species C) 12
Birch (Species D) 5
Willow (Species E) 3

Step 1: Calculate the total number of individuals (N) in your sample.
N=25+18+12+5+3=63
Step 2: For each species, calculate ni
(ni—1).
e Oak: 25%(25—1)=25%x24=600
e Maple: 18%(18—1)=18x17=306
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e Pine: 12x(12-1)=12x11=132
e Birch: 5x(5—1)=5%4=20
o Willow: 3%x(3—1)=3%x2=6
Step 3: Sum the values from Step 2 (3 ni(ni—1)). > ni(ni—1)=600+306+132+20+6=1064
Step 4: Calculate N(N—1). N(N—1)=63x%(63—1)=63x62=3906
Step 5: Calculate Simpson's Index (D). D=N(N—1)) ni(ni—1)=39061064~0.2724
Step 6: Calculate Simpson's Index of Diversity (1-D). 1-D=1-0.2724=0.7276
Step 7: Calculate Simpson's Reciprocal Index (1/D). 1/D=0.27241=3.67

Interpreting the Results
For our example
e Simpson's Index (D) = 0.2724: This value is relatively low (closer to 0), suggesting a
reasonably diverse community, as it means there's a relatively low probability of
picking two individuals of the same species.
o Simpson's Index of Diversity (1-D) = 0.7276: This value is relatively high (closer to
1), indicating a good level of diversity.
e Simpson's Reciprocal Index (1/D) = 3.67: This value is greater than 1, further
supporting that the community is diverse. Since there are 5 species, a value of 5
would represent maximum evenness. 3.67 is moderately high, suggesting good

evenness but some dominance.

Key Takeaway: When reporting results, always specify which version of Simpson's Index
you are using to avoid confusion, as the interpretation changes significantly between D, 1-D,
and 1/D.

Simpson's Index is particularly sensitive to changes in the abundance of common
species, making it a valuable tool for detecting environmental disturbances or management

impacts that might alter the dominance patterns within a community.
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Study of Biodiversity Conservation Methods

Biodiversity conservation refers to the protection, preservation, management, and
restoration of landscapes, ecosystems, and species. It's crucial because biodiversity provides
essential ecosystem services (e.g., clean air and water, pollination, climate regulation), raw
materials, medicines, and cultural/aesthetic values.
Conservation methods are broadly categorized into two main approaches: in situ conservation
(on-site) and Ex-Situ conservation (off-site). Both are vital and often complement each other.
1. In-Situ Conservation (On-Site Conservation)

This approach focuses on protecting and managing species in their natural habitats.
It's considered the most effective way to conserve biodiversity because it allows species to
continue evolving in their natural environment, maintaining their genetic diversity and
ecological relationships.
Key Methods
o Protected Areas: Establishing and managing areas legally protected for their ecological,

biological, or cultural significance. These are the cornerstones of In-Situ conservation.

o National Parks: Areas set aside for the protection of wildlife and entire ecosystems,
with strict regulations preventing human activities like forestry, grazing, or
cultivation. Entry is often regulated for tourism and research.

= Examples in India: Jim Corbett National Park (Uttarakhand - for tigers), Kaziranga
National Park (Assam - for one-horned rhinos), Periyar National Park (Kerala - for
tigers and elephants).

o Wildlife Sanctuaries: Protected areas dedicated primarily to the conservation of a
specific animal species or a group of species. While human activities like timber
harvesting or minor forest product collection are generally restricted, some regulated
activities might be permitted if they don't harm the wildlife.

= Examples in India: Bharatpur Bird Sanctuary (Rajasthan - for migratory birds),
Chinnar Wildlife Sanctuary (Kerala - for grizzled giant squirrel), Gir Wildlife
Sanctuary (Gujarat - for Asiatic lions).

o Biosphere Reserves: Internationally recognized areas designed to promote the
conservation of biodiversity along with sustainable development. They have a core
zone (strictly protected), a buffer zone (research, education, and eco-tourism allowed),
and a transition zone (human settlements, sustainable activities permitted).

= Examples in India: Nilgiri Biosphere Reserve (Western Ghats - first in India),
Nanda Devi Biosphere Reserve (Uttarakhand), Sundarbans Biosphere Reserve (West
Bengal).
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o Community Reserves and Conservation Reserves: Newer categories in India
(under the Wildlife Protection Act, 2002) that provide legal protection to community-
or privately-owned areas that are significant for conservation but cannot be declared
as National Parks or Sanctuaries. This encourages local community participation.

= Examples in India: Singchung Bugun Village Community Reserve (Arunachal
Pradesh - for Bugun Liocichla bird), Yaongyimchen Community Biodiversity
Conservation Area (Nagaland).

o Sacred Groves: Patches of forest or natural vegetation protected by local
communities due to religious or cultural beliefs. These are often rich in biodiversity
and serve as excellent examples of traditional conservation.

= Examples in India: Found across India, particularly in states like Maharashtra,
Kerala, Meghalaya, and the Western Ghats.

Habitat Restoration: Restoring degraded or damaged habitats to their natural state,

allowing native species to return and thrive. This can involve reforestation, wetland

restoration, or removing invasive species.

o Examples in India: Mangrove reforestation efforts along coastal states (Gujarat,
Maharashtra, West Bengal), efforts to restore degraded forest lands by various forest
departments.

Sustainable Resource Management: Implementing practices that allow for the use of

natural resources while ensuring their long-term availability and minimizing harm to

ecosystems. This includes:

o Sustainable Forestry: Practices that ensure timber harvesting doesn't lead to
deforestation or habitat loss.

o Sustainable Agriculture (Agroforestry, Organic Farming): Methods that reduce
reliance on harmful chemicals, promote soil health, and integrate trees into farmlands
to benefit biodiversity.

o Sustainable Fisheries: Managing fish stocks to prevent overfishing and maintain
healthy marine ecosystems.

Controlling Invasive Species: Managing and eradicating non-native species that threaten

native biodiversity by outcompeting them or altering habitats.

Anti-Poaching Measures: Implementing strict laws, patrolling, and community

involvement to prevent illegal hunting and trade of wildlife.

o Examples in India: Project Tiger (focused on tiger conservation and anti-poaching),

Project Elephant, formation of Special Tiger Protection Force (STPF).
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2. Ex-Situ Conservation (Off-Site Conservation)

This approach involves conserving components of biodiversity outside their natural
habitats in controlled environments. It's particularly crucial for species facing immediate
threats in the wild or for preserving genetic material.

Key Methods

e Zoos and Aquariums: Facilities that house, breed, and research wild animals and aquatic
species, often with the goal of reintroduction into the wild. They play a significant role in
education and awareness.

o Examples in India: Arignar Anna Zoological Park (Chennai), Nehru Zoological Park

(Hyderabad), Sakkarbaug Zoo (Junagadh - known for Asiatic lions).

o Botanical Gardens and Arboreta: Collections of living plants, often with a focus on
conservation, research, and public education. They maintain diverse plant species,
including rare and endangered ones.

o Examples in India: Acharya Jagadish Chandra Bose Indian Botanic Garden

(Howrah, West Bengal), National Botanical Research Institute (Lucknow).

e Seed Banks: Facilities that store seeds (often at low temperatures and humidity) to
preserve the genetic diversity of plant species, especially for agricultural crops and wild
relatives.

o Examples in India: National Bureau of Plant Genetic Resources (NBPGR) in New

Delhi, which has a large seed bank.

e Gene Banks: Broader than seed banks, these facilities store various forms of genetic
material, including seeds, pollen, tissue cultures, sperm, ova, and DNA samples.

o Examples in India: National Animal Gene Bank (Karnal), efforts to establish gene
sanctuaries for wild relatives of citrus, banana, sugarcane, rice, and mango.

e Cryopreservation: The process of preserving cells, tissues, or organs by cooling them to
very low temperatures (e.g., in liquid nitrogen). This allows for long-term storage of
genetic material from various species.

o Captive Breeding Programs: Breeding endangered or threatened species in controlled
environments to increase their population size and eventually reintroducing them into
their natural habitats.

o Examples in India: Captive breeding programs for species like the Red Panda,
critically endangered vultures, and gharials.

e Tissue Culture/Micropropagation: Techniques used for plants to grow entire plants
from small tissue samples in a sterile environment. This is useful for propagating rare or

difficult-to-breed species.
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Other Important Conservation Approaches and Strategies

Beyond the In-Situ and Ex-Situ categories, several overarching strategies are crucial

for effective biodiversity conservation:

Legislation and Policy: Implementing strong environmental laws, national policies, and
international agreements (like the Convention on Biological Diversity - CBD) to protect
species and habitats.

Environmental Education and Awareness: Raising public understanding and

appreciation for biodiversity and the importance of its conservation. This promotes

responsible behavior and builds support for conservation initiatives.

Community Involvement and Traditional Knowledge: Engaging local communities,

particularly indigenous peoples, in conservation efforts. Their traditional ecological

knowledge often holds valuable insights into sustainable resource management.

o Examples in India: The Joint Forest Management (JFM) program, which involves
local communities in forest management; various community-led initiatives in the
Northeast and coastal areas (e.g., Olive Ridley Turtle conservation by SNM in
Maharashtra).

Research and Monitoring: Continuous scientific research to understand species biology,

ecological processes, and threats. Monitoring changes in biodiversity helps assess the

effectiveness of conservation efforts.

Addressing Climate Change: Mitigating climate change impacts (e.g., reducing

greenhouse gas emissions) is essential, as climate change is a major driver of biodiversity

loss.

Reducing Pollution and Waste: Minimizing pollution from industrial, agricultural, and

domestic sources, and promoting sustainable consumption and production practices.

International Cooperation: Biodiversity is a global asset, and many conservation

challenges (e.g., migratory species, illegal wildlife trade) require collaborative efforts

between nations.

In India, a nation of immense biodiversity, all these methods are employed. The

emphasis is often on a balanced approach that integrates scientific conservation with the

needs and participation of local communities, reflecting the principle of "conservation with

the people."
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Study of Identification of Common Indian Wild Animals Through Indirect Evidence

(eg. Casts, Pugmarks, Scats, Pellets, Etc.)

Studying common Indian wild animals through indirect evidence is a fascinating and

crucial aspect of wildlife monitoring and conservation, especially for elusive or nocturnal

species. It's like being a detective in the wilderness, piecing together clues to understand what

animals are present, their movements, and even their behavior. For practical purposes, this

study involves systematic observation, recording, and interpretation of various signs left

behind by animals.
Why Indirect Evidence?

Elusive Animals: Many wild animals, especially carnivores like tigers and leopards, or
nocturnal creatures, are rarely seen directly. Indirect evidence provides proof of their
presence.

Non-invasive Monitoring: It allows for studying wildlife without disturbing the
animals, which is crucial for sensitive or threatened species.

Population Estimation: Techniques like scat counts or pugmark tracking can provide
data for estimating animal populations.

Habitat Use: Tracks, trails, and feeding signs indicate how animals use their
environment.

Dietary Analysis: Scats and pellets reveal what animals are eating, offering insights into
their feeding ecology and prey availability.

Health Assessment: Unusual scat or hair samples can sometimes indicate health issues

or stress.

Common Types of Indirect Evidence and Practical Identification

1. Pugmarks (Footprints/Tracks)
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Impressions left by an animal's foot in soft ground (mud, sand, dust). "Pugmark" is

primarily used for the paw prints of large felines (like tigers, leopards, and sometimes wild

dogs), while "hoofmarks" refer to ungulates (deer, antelopes).

Practical Identification

(¢]

Size and Shape: This is the most crucial differentiator.

Tigers: Large, typically round to slightly squarish pugmarks with four clear toe pads
and a large, soft heel pad. Crucially, claw marks are usually not visible in tiger
pugmarks because they retract their claws. Male tiger pugmarks are generally larger
and squarer, while female pugmarks are slightly smaller and more rectangular.
Leopards: Similar to tiger pugmarks but significantly smaller. Again, claw marks are
usually absent.

Wild Dogs (Dhole): Canine pugmarks (like domestic dogs) show visible claw marks
in front of the toe pads. Dhole pugmarks are often narrower and more elongated than
cat prints.

Bears (e.g., Sloth Bear): Large, flat-footed impressions. You'll often see distinct claw
marks. Their hind footprint can sometimes resemble a human's bare foot.

Elephants: Very large, round to oval, deeply impressed footmarks with thick, wrinkled
skin patterns.

Deer (e.g., Sambar, Spotted Deer, Barking Deer): Hoofmarks are cloven (split in
two), forming a distinctive 'V' or heart shape. Size varies by species (Sambar largest,
Barking Deer smallest).

Wild Boar: Also cloven hoofmarks, but often broader and blunter than deer, and
sometimes show impressions of the dewclaws (smaller hooves higher up the leg),
especially in soft ground.

Gaur (Indian Bison): Very large, broad, deeply impressed cloven hoofmarks. Much
larger than any deer.

Stride and Straddle

= Stride: The distance between consecutive prints of the same foot.

» Straddle: The perpendicular distance between the left and right foot impressions.

= Carnivores (e.g., Cats): Often have a more direct register (hind foot lands in or

near the front foot print), leading to a narrower straddle. Tigers often "follow in
step."

= Herbivores: Generally wider straddle.

Substrate: The clarity of pugmarks depends heavily on the substrate (mud, sand, fine
soil, snow). Wet mud or fine dust provide the best impressions.
Overlapping: Sometimes, the hind foot lands directly on top of the front foot print,

making it look like a single, larger print. This is common in felids.
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Practical Tips

e Carry a scale/ruler: Always measure the length and width of the pugmark, and the
size of the pad and toes.

o Photograph with scale: Take clear photos with a ruler next to the pugmark for later
reference and comparison.

o Plaster casts: For very clear prints, a plaster cast can be made for detailed study and
permanent record.

e Look for patterns: Is the animal walking, running, or dragging something? Are there

signs of a kill nearby?

2. Scats (Faeces/Droppings)

Animal droppings. They offer valuable information about an animal's diet, health, and
presence.
Practical Identification
e Shape and Size
o Carnivore Scats (e.g., Tiger, Leopard, Dhole, Hyena): Typically, tubular or rope-
like, often segmented. They often contain hair, bone fragments, and sometimes teeth
or claws of prey. The ends are often tapered or twisted.
» Tiger/Leopard: Cylindrical, firm, dark, often with visible hair and bone
fragments. Tiger scats are larger than leopard scats.
= Dhole (Wild Dog): Similar to domestic dog scat, often twisted, and usually full

of hair and bone. Often deposited on trails as territorial markers.
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= Sloth Bear: Highly variable, from loose, amorphous piles (especially when
feeding on fruits/berries) to more formed cylinders. Contents reflect their
omnivorous diet: seeds, berries, insect exoskeletons (termites), sometimes
fur/bones.
= Fox/Jackal: Smaller, tubular, often pointed at one or both ends. May contain fur,
feathers, and seeds. Often deposited prominently for marking.
= Hyena: Distinctive, often whitish or chalky due to high bone content in their
diet. Cylindrical and firm.
o Herbivore Pellets/Dung (e.g., Deer, Antelopes, Wild Boar, Elephant, Gaur)
= Deer/Antelopes (Sambar, Chital, Nilgai, Blackbuck): Typically, distinct,
individual pellets, often oval or kidney-shaped, usually dark brown to black.
They are relatively uniform in size for a given species.
= Sambar: Larger, more cylindrical pellets.
= Chital (Spotted Deer): Smaller, more rounded pellets.
= Nilgai (Blue Bull): Larger, roundish, somewhat flattened pellets, often in
piles.
= Blackbuck: Small, oval, and often pointed at one end.
=  Wild Boar: Clumped, irregular, often lumpy, and can contain a mix of plant
matter, roots, and sometimes insect parts.
= Elephant: Large, fibrous, spherical or oval "boluses" (dung piles). Identifiable
by their sheer size and coarse plant material.
* Gaur (Indian Bison): Large, typically formless "cowpats" (like domestic cattle
dung), rich in fibrous plant material.
o Birds (e.g., Owls - Pellets)
= Pellets: Not scat, but regurgitated undigested food (fur, bones, feathers). Found
under roosting sites. Help identify prey species of raptors.
Content
o Hair and Bone: Strong indicator of carnivores.
o Seeds and Berries: Omnivores (bears, civets, sometimes foxes) or frugivorous.
o Fibrous Plant Matter: Herbivores.
o Insect Parts: Omnivores (bears, civets, mongooses).
Location and Context: Scats found on trails, prominent rocks, or at territory boundaries
often indicate territorial marking. Latrines (communal defecation sites) are common for

badgers, civets, and some primates.

Practical Tips

o Use a stick: Never handle scat with bare hands due to potential pathogens. Use a stick

to break it open and examine the contents.

53



Bhumi Publishing, India

e Smell: Some scats have distinctive smells (e.g., musky for foxes, jasmine-like for
otters from fish diet).
e Freshness: Helps determine how recently the animal was in the area. Fresh scat is

typically moist and warm; older scat is dry, brittle, and faded.

3. Casts (Shed Antlers)

Antlers are shed by deer species annually. Only male deer (stags) shed antlers.
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Practical Identification

e Species
o Sambar Deer: Large, thick, heavily tuned (branched) antlers, often with a rough

texture.

o Chital (Spotted Deer): More slender, often lyriform (lyre-shaped) antlers with
multiple tynes.

o Barasingha (Swamp Deer): Distinctive, very long and multi-pointed antlers,
especially in the central Indian subspecies (Rucervus duvaucelii duvaucelii) with its
widely splayed brow tines.

o Hog Deer: Smaller, simple antlers with typically 3 points per antler.

o Barking Deer (Muntjac): Smallest antlers, often simple spikes or with a small brow
tine, set on long bony pedicles covered in hair.

o Size: The size of the cast antler indicates the age and health of the stag.

e Location: Found in areas where deer frequent, often near water sources or feeding
grounds during the shedding season (which varies by species, but generally late winter to
early spring).

Practical Tips
e Learn shedding seasons: Knowing when different deer species shed their antlers

increases your chances of finding them.
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o Look in dense cover: Animals often shed antlers in areas where they feel secure.

4. Pellets (Owl Pellets)
Regurgitated, undigested material from birds of prey (owls, hawks, eagles). Not to be

confused with herbivore pellets (scat).
i T
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Practical Identification
e Shape and Size: Compact, usually oval or cylindrical, and vary in size depending on the
bird.
e Content: Primarily contain fur, feathers, and bones of prey animals (rodents, small
birds, insects).
e Location: Found directly below roosting or nesting sites (e.g., base of trees, under
ledges).
e Smell/Texture: Generally odorless and dry, crumbling easily when dry.
Practical Tips
o Dissection: Carefully dissecting pellets (with gloves and tools) can reveal the
complete skeletal remains of small prey, allowing for precise identification of the
bird's diet.
5. Other Indirect Evidence
e Scratch Marks (Claw Marks)
o Tigers/Leopards: Deep, parallel scratch marks on tree trunks, often where they
mark territory or sharpen claws. Height can indicate animal size.
o Sloth Bears: Vertical claw marks on trees, often associated with climbing for
fruits or honey. It can be very distinctive.
o Wild Boar: Rubbing marks on trees, often with mud or bristles left behind.
e Rubbing/Fraying Marks
o Deer: Antlers rubbed against tree saplings or shrubs, usually to remove velvet or

mark territory. It can break small branches.
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o Elephants: Rubbing against trees to remove parasites or shed skin, leaving bark
damage and sometimes hair.
e Browse/Grazing Signs
o Bite Marks: Distinctive patterns on leaves, twigs, or bark indicate the presence
of herbivores. Deer, for instance, lack upper incisors, leading to a torn rather than
a cleanly cut appearance.
o Broken Branches: Larger herbivores like elephants or gaur can break branches
for feeding.
o Diggings
o Wild Boar: Extensive rooting and digging for tubers, roots, and invertebrates,
leaving disturbed ground.
o Sloth Bears: Digging into termite mounds or for grubs.
o Pangolins: Distinctive conical holes dug for ants and termites.
e Nests/Dens/Burrows
o Birds: Varied nests on trees, cliffs, or ground.
o Mammals: Dens (e.g., fox, wild dog), burrows (e.g., mongoose, porcupine), or
temporary shelters.
e Scent Marks: Urination, scat deposition, or rubbing glands on objects. While difficult
to identify visually, they are powerful communication tools for animals.
o Hair/Feathers: Found on trails, around kills, or rubbing posts. Can be collected and
analyzed for species identification (e.g., DNA analysis).
Practical Approach to a Field Study
1. Preparation

o Learn the basics: Familiarize yourself with common Indian wild animals and
their typical signs through field guides, online resources, and expert advice.

o Equipment: Carry a notebook, pencil, camera (with scale), measuring tape/ruler,
GPS device (optional but very useful for mapping), a small shovel/trowel (for
casts/scat collection), gloves, and zip-lock bags.

o Safety: Always go with experienced guides or in groups. Be aware of your
surroundings, especially in areas with large carnivores or elephants. Do NOT
approach animals.

o Respect the environment: Do not disturb signs, collect too many samples, or
leave any trash.

2. Field Survey/Transects
o Systematic search: Walk along established trails, forest roads, riverbeds, or

specific transects. These are natural pathways for animals.
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Look low and high: Scan the ground for tracks and scat, but also look up for claw
marks on trees or nests.
Focus on edges: Arecas where different habitats meet (e.g., forest edge and
grassland, forest and water body) are often good for finding signs.

Water sources: Animals frequently visit water bodies, leaving many signs.

Documentation

o
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Record everything: For each piece of indirect evidence found:

= Date and Time: Essential for determining freshness.

= Location (GPS coordinates): Crucial for mapping distribution.

= Type of evidence: (e.g., pugmark, scat, scratch mark).

= Detailed description: Shape, size (measure!), color, contents, texture, number
of individuals (if pugmarks).

= Species identification (tentative): Your best guess based on your knowledge.

= Photographs: Always take clear photos with a scale. Take multiple angles.

= Context: What was around it? (e.g., near a waterhole, on a game trail, under a
particular tree).

Sketching: Drawing pugmarks can help capture subtle details.

Analysis (Post-Field)

@)

Compare with guides: Use reliable field guides or identification keys (specific to
Indian wildlife) to confirm your tentative IDs.

Data entry: Enter all collected data into a spreadsheet or database.

Mapping: Plot locations of sightings on a map to visualize animal movement
patterns and habitat use.

Dietary analysis: For scat, contents can be further analyzed in a lab (e.g., hair
microscopy, bone identification).

Population estimation (advanced): For certain species (like tigers), specialized
pugmark tracking methods (though now supplemented or replaced by camera
trapping and DNA analysis for robust population estimates) or scat-based DNA

analysis can be used.

Challenges in India

Overlapping ranges: Many species share habitats, making differentiation crucial.

Human disturbance: Can obscure or contaminate evidence.

Seasonal variation: Availability of signs can change with seasons (e.g., clear

pugmarks in monsoon mud vs. dry, hard ground).

Individual variation: Animals of the same species can have slightly different prints

or scat.
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Study of any One Nearby National Park or Wildlife Sanctuary
‘Study of Radhanagari Wildlife Sanctuary’
Location: Radhanagari Tehsil, Kolhapur District, Maharashtra, India. It's nestled in the
southern end of the Sahyadri Hills, part of the biodiverse Western Ghats, a UNESCO World
Heritage Site.
Establishment: Established in 1958, it holds the distinction of being the first wildlife
sanctuary declared in Maharashtra. It was initially known as "Dajipur Wildlife Sanctuary"
and is still popularly called the "Bison Sanctuary."
Area: The sanctuary spans an impressive 351.16 square kilometers.
Geographical Features: The sanctuary's landscape is characterized by rugged hills, deep
valleys, and dense forests. Several perennial rivers like the Bhogavati, Dudhganga, Tulshi,
Kallamma, and Dirba flow through it, sustaining a rich ecosystem. The tranquil backwaters of
the Radhanagari Dam and Kalammawadi Dam (also known as Rajarshi Shahu Sagar) provide
vital water sources and enhance the scenic beauty. Its remote location contributes to its well-
preserved nature.
Biodiversity of Radhanagari Wildlife Sanctuary

Radhanagari Wildlife Sanctuary is a rich hotspot of biodiversity, characteristic of the
Northern Western Ghats.
Flora (Plant Life)

The sanctuary is predominantly covered by tropical evergreen forests and moist
mixed deciduous forests. Over 425 species of plants have been recorded, showcasing the
area's rich botanical diversity.

Common Tree Species

e Anjani (Memecylon edule) Jambul (Syzygium cuminii)
e Hirda (Terminalia chebula) Awala (Emblica officinalis)
o Pisa (Actinodaphne angustifolia) Ain (Terminalia alata)
e Kinjal (Terminalia paniculata) Amba (Mangifera indica - Mango)
e Kumbha (Careya arborea) Teak (Tectona grandis)
Shrubs and Climbers

o Karvi (Strobilanthes callosa): This shrub is notable for its synchronized mass
flowering once every seven to eight years, transforming the landscape.
e Shikekai (4cacia concinna)
e Garambi (Capparis zeylanica) Karvand (Carissa carandas)
Medicinal Plants: The sanctuary is a treasure trove of medicinal plants, many of which are

used by local communities for traditional remedies.
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Sacred Groves (Devrais): Several patches of forests within the sanctuary are preserved as

sacred groves by local communities due to religious beliefs. These areas often harbor unique

flora and serve as excellent examples of community-led conservation.

Fauna (Animal Life):

Radhanagari is renowned for its diverse faunal population, including significant

populations of large mammals, birds, reptiles, and amphibians.

Mammals (47 species recorded)

Indian Bison (Gaur - Bos gaurus): This is the flagship species of the sanctuary, and
it's often referred to as the "Bison Sanctuary" due to its robust population (over 1,000
individuals as per some reports). Spotting herds of these magnificent bovines is a
major highlight for visitors.
Indian Leopard (Panthera pardus): The elusive leopard is a key predator in the
sanctuary.
Sloth Bear (Melursus ursinus): These shaggy, omnivorous bears are also found here.
Wild Boar (Sus scrofa): Common throughout the sanctuary.
Deer Species

o Sambar Deer (Rusa unicolor)

o Barking Deer (Muntjac) (Muntiacus muntjak)

o Mouse Deer (Indian Spotted Chevrotain) (Moschiola indica) - a small, shy

ungulate.

Indian Giant Squirrel (Ratufa indica): A vibrant and iconic arboreal rodent of the
Western Ghats.
Wild Dogs (Dhole) (Cuon alpinus): Endangered pack hunters.
Tigers: Recent camera trap evidence has confirmed the presence of tigers, indicating
its crucial role as a wildlife corridor within the larger Sahyadri Tiger Reserve (which

includes Chandoli National Park and Koyna Wildlife Sanctuary).

Birds (264 species recorded): Radhanagari is designated as an Important Bird Area (IBA)

by BirdLife International.

Nilgiri Wood-Pigeon (Columba elphinstonii): A rare and globally threatened
endemic species of the Western Ghats.

Malabar Grey Hornbill (Ocyceros griseus)

Great Pied Hornbill (Buceros bicornis): Another iconic species of the Western
Ghats.

Malabar Whistling Thrush (Myophonus horsfieldii)

Other common birds include various species of flycatchers, babblers, bulbuls, eagles,

vultures, owls, nightjars, kingfishers, and woodpeckers.
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Reptiles (59 species recorded) and Amphibians (20 species recorded): The sanctuary is
home to a good diversity of reptiles and amphibians, many of which are endemic to the
Western Ghats.

e Malabar Pit Viper (Trimeresurus malabaricus)

e Deccan Ground Gecko (Cyrtopodion deccanense)

e Various endemic frog species like the Bombay Bush Frog and Humayun's
Wrinkled Frog.

e Indian Monitor Lizard.

Conservation Efforts and Management
As a protected area and a component of the UNESCO World Heritage Site "Western
Ghats," Radhanagari Wildlife Sanctuary is a focus of significant conservation efforts:
o Protection of Flagship Species: The primary focus since its inception has been the
protection of the Indian Bison (Gaur). This involves habitat management to ensure
their survival and population growth.
o Habitat Management
o Anti-Poaching Measures: Regular patrolling by forest guards to deter illegal
hunting and timber smuggling.

o Fire Management: Implementing controlled burns or fire breaks to prevent large-
scale forest fires, especially during dry seasons.

o Waterhole Creation/Maintenance: Ensuring perennial water availability for
wildlife, especially during summers.

o Removal of Invasive Species: Efforts to control or remove non-native plant
species that can outcompete native flora.
e Corridor Connectivity: Its inclusion in the Sahyadri Tiger Reserve highlights its
importance as a crucial corridor for large carnivores, particularly tigers and leopards,
allowing for genetic exchange between fragmented populations. Conservation efforts
focus on maintaining and improving these corridors.
e Eco-development and Community Participation
o The Forest Department often engages local communities in conservation efforts,
providing alternative livelihoods to reduce their dependence on forest resources.

o The concept of Sacred Groves demonstrates successful traditional community-led
conservation.

o Eco-tourism initiatives are promoted to involve locals and generate revenue for

conservation.
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Research and Monitoring: Ongoing research and regular wildlife censuses (like the
gaur census and camera trapping for big cats) help monitor population trends,
understand animal behavior, and adapt conservation strategies.

Awareness and Education: Promoting awareness among local communities and

visitors about the importance of biodiversity and the need for conservation.

Practical Information for Visitors/Researchers

Best Time to Visit: The winter months (November to February) are ideal, with
pleasant weather perfect for safaris and birdwatching. The monsoon season (June to
September) transforms the sanctuary into a lush green paradise, but heavy rainfall
might hinder some activities.

Activities: Wildlife safaris (often in private vehicles or hired jeeps), birdwatching,
trekking (on designated trails), and photography. There are also watchtowers for
better viewing.

Entry Points: Entry passes are typically issued from gates like the Dajipur gate.
Regulations: Adhering to forest department guidelines is crucial for visitor safety and
minimizing disturbance to wildlife. This includes maintaining silence, not littering,
and not feeding animals.

Studying Radhanagari Wildlife Sanctuary offers a practical glimpse into the

challenges and successes of biodiversity conservation in the Western Ghats, especially

regarding large herbivores and their predator dynamics within a tropical evergreen forest

ecosystem.
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Study of the Effects of Insecticides on Human Health (Endosulfan Effect)

The study of the effects of insecticides on human health is a critical area of toxicology
and public health, especially in agricultural regions. Endosulfan is a particularly stark and
tragic example, with its devastating consequences widely documented, notably in the
Kasaragod district of Kerala, India.

Endosulfan is an organochlorine insecticide and acaricide (used to control mites and
ticks). Organochlorine pesticides are a class of synthetic chemicals that contain carbon,
hydrogen, and chlorine. They were widely used from the 1940s to the 1960s due to their
effectiveness and persistence. However, this persistence, along with their high toxicity and
tendency to bioaccumulate (build up in living organisms and move up the food chain), led to
their ban in many countries. Other well-known organochlorines include DDT, Aldrin, and
Lindane.

Endosulfan works by interfering with the nervous system, blocking GABA-gated
chloride channels in insects, leading to hyperactivity, tremors, convulsions, and ultimately
death. Unfortunately, this neurotoxic effect extends to mammals, including humans.

How Does Endosulfan Enter the Human Body? pathways of exposure

Endosulfan can enter the human body through several pathways

1. Ingestion

o Contaminated Food and Water: Eating food (fruits, vegetables, grains) or drinking
water contaminated with endosulfan residues is a primary route of exposure. This can
happen if crops are sprayed, or if runoff from sprayed areas contaminates water
sources.

o Accidental Ingestion: Children, especially, are vulnerable to accidental ingestion of
pesticides stored improperly or by hand-to-mouth behaviors when playing in
contaminated soil.

2. Inhalation

o Spraying Operations: Farm workers or people living near sprayed fields can inhale
airborne endosulfan particles or vapors during or after application.

o Dust: Inhalation of dust from contaminated soil.

3. Dermal Absorption (Skin Contact)

o Direct Contact: Handling sprayed crops, contaminated soil, or pesticide containers
without adequate protective gear.

o Contaminated Clothing: Wearing clothes that have come into contact with the

pesticide.
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Once in the body, endosulfan can be absorbed through the digestive tract, lungs, or skin.

It and its breakdown products are then distributed to various tissues, including fatty tissues,

where they can accumulate over time due to their persistence.

Effects of Endosulfan on Human Health (with focus on Endosulfan Tragedy in Kerala)

The effects of Endosulfan can range from acute (short-term) poisoning to chronic
(long-term) health problems, depending on the level and duration of exposure. The tragic
case of Kasaragod district in Kerala, India, serves as a grim example of the long-term,
devastating effects of chronic, high-level exposure, primarily due to aerial spraying on
cashew plantations for over two decades (from 1978 to 2001).

1. Acute Effects (Immediate or Short-term after high exposure)

These typically result from accidental poisoning, occupational exposure (e.g., during
spraying), or intentional ingestion.

e Neurological: Headache, giddiness, blurred vision, tremors, convulsions, staggering, lack
of coordination, hyper excitability, muscle weakness. Severe poisoning can lead to
seizures, unconsciousness, coma, and even death. Doses as low as 35 mg/kg have been
documented to cause death in humans.

e Gastrointestinal: Nausea, vomiting, diarrhea, abdominal pain.

e Respiratory: Difficulty breathing (dyspnea), foaming at the mouth, noisy breathing,
pulmonary edema (fluid in the lungs), cyanosis (bluish discoloration due to lack of
oxygen).

o Cardiovascular: Irregular heartbeats (arrhythmia), which can lead to cardiac failure.

2. Chronic Effects (Long-term, often from repeated low-level exposure)

The long-term effects are particularly concerning due to endosulfan's persistence in
the environment and its bioaccumulative nature. Studies, especially those from Kasaragod,
have highlighted a wide range of severe, irreversible health issues.

o Neurodevelopmental and Neurological Disorders

o Developmental Delays: Children exposed to endosulfan, particularly during critical
periods of development (in utero or early childhood), have shown a higher prevalence
of low 1Q, poor scholastic performance, learning disabilities, and mental retardation.

o Neurological Disorders: Increased risk of epilepsy, cerebral palsy, hydrocephalus
(fluid accumulation in the brain), and other neurological issues. Some studies suggest
links to neurobehavioral disorders and cognitive disorders.

o Brain Damage: Sublethal poisoning can result in permanent brain damage.

¢ Reproductive and Developmental Toxicity

o Birth Defects (Congenital Anomalies): A significantly higher prevalence of

congenital malformations in exposed populations, including skeletal abnormalities
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(e.g., limb hypoplasias, ectrodactyly - cleft hand or split hands, defective skull
ossification, rib anomalies), and congenital heart disease.

Reproductive System Effects (Males): Alterations in the testes, decreased sperm
count, altered spermatogenesis, and lower levels of testosterone (a sex hormone),
leading to delayed sexual maturity in boys. Infertility has also been reported.
Reproductive System Effects (Females): Higher rates of abortions, stillbirths,
recurrent miscarriages, and gynecological problems like endometriosis and cervical
cancer. Precocious puberty has also been observed.

Transgenerational Effects: Endosulfan has been detected in human breast milk,
indicating potential transfer from mother to infant through nursing. Animal studies also

show that maternal exposure can lead to abnormalities in offspring.

o Endocrine Disruption

o

Endosulfan is a known endocrine disruptor, meaning it interferes with the body's
hormone system. This can lead to imbalances in thyroid hormones, sex hormones
(estrogen, testosterone, FSH, LH), and other crucial regulatory chemicals, impacting

growth, development, metabolism, and reproduction.

e Immune System Suppression

(0]

Studies suggest endosulfan can affect the immune system, leading to decreased

immunity and promoting allergic responses.

¢ Skin and Other Effects

o

Rashes, skin irritation, and other dermatological issues are common in farm workers
with chronic exposure.
Liver and kidney damage have been observed in animal studies with long-term

exposure.
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Study of Heavy Metal Toxicity on Human Health
The study of heavy metal toxicity on human health is a critical area of environmental
health and toxicology. Heavy metals are naturally occurring metallic elements that have a
high atomic weight and a density at least 5 times greater than water. While some are essential
in trace amounts (e.g., zinc, copper), many are highly toxic even at low concentrations and
have no known biological role. Their persistence in the environment and tendency to
bioaccumulate and biomagnify make them significant public health threats.
1. Lead (Pb) Toxicity: Plumbism
Lead is a naturally occurring metal found in the Earth's crust. It's a highly malleable,
corrosion-resistant, and relatively inexpensive metal. Historically, it was widely used in
paints, gasoline, plumbing, batteries, ceramics, and many other products.
Sources of Exposure: Despite widespread regulations, lead remains a significant
environmental contaminant.
e Old Paint: Lead-based paint in older homes (pre-1978 in many countries) is a major
source, especially for children who may ingest paint chips or lead-contaminated dust.
o Contaminated Water: Lead pipes, solders, and fixtures can leach lead into drinking
water.
e Industrial Emissions: Smelting, mining, and manufacturing processes can release
lead into the air and soil.
e Occupational Exposure: Workers involved in battery manufacturing, recycling,
construction, and certain artistic fields.
e Contaminated Soil: Lead persists in soil for a very long time, especially near old
industrial sites or busy roadways where leaded gasoline was used.
o Traditional Remedies/Cosmetics: Some traditional medicines (e.g., Ayurveda, folk
remedies) or cosmetics (e.g., kohl/kajal) can contain lead.
e Certain Consumer Products: Toys, jewelry, glazed pottery, and some imported
goods can contain lead.
Mechanism of Toxicity: Lead has no known beneficial role in the human body. It mimics
and interferes with the action of essential metals like calcium, iron, and zinc. It can bind to
sulthydryl groups in proteins, inhibiting enzyme activity. Its primary targets are the nervous
system, hematopoietic (blood-forming) system, renal (kidney) system, and reproductive
system. Lead can also cross the blood-brain barrier and the placenta.
Plumbism (Lead Poisoning): Symptoms and Effects
The effects of lead poisoning vary with the level and duration of exposure. Children are
particularly vulnerable because their developing nervous systems are more susceptible, and

they absorb lead more efficiently.

65



Bhumi Publishing, India

Neurological (Most Concerned)

o Children: Irreversible developmental delays, reduced I1Q, learning disabilities,
behavioral problems (hyperactivity, aggression), hearing problems, seizures, coma,
and even death in severe cases.

o Adults: Peripheral neuropathy (nerve damage, leading to "wrist drop" or "foot drop"),
memory loss, tremors, headache, irritability.

o Hematopoietic (Blood)

o Lead inhibits enzymes involved in heme synthesis (the part of hemoglobin that carries
oxygen), leading to anemia.
o Characteristic basophilic stippling (small granules) in red blood cells.

e Renal (Kidney)

o Lead can cause kidney damage (nephropathy), affecting kidney function and
potentially leading to chronic kidney disease.

e Gastrointestinal
o Abdominal pain, constipation, nausea, vomiting, and a characteristic "lead colic"

(severe abdominal pain).
o A "lead line" (blue-black line) can appear on the gums.

e Reproductive
o Males: Reduced sperm count, abnormal sperm morphology, decreased fertility.

o Females: Increased risk of miscarriage, stillbirth, premature birth, and reduced
fertility.

e Skeletal
o Lead is stored in bones and can be released during periods of stress (e.g., pregnancy,

illness), causing re-exposure. It can affect bone growth in children.

Diagnosis and Treatment: Diagnosis is primarily through blood lead level (BLL)

measurement. Treatment involves removing the source of lead exposure and, in severe cases,

chelation therapy (medications that bind to lead and help excrete it from the body).

Prevention is paramount.

2. Mercury (Hg) Toxicity: Minamata Disease
Mercury is a unique heavy metal as it's the only one that is liquid at room
temperature. It exists in three main forms:
e Elemental (Metallic) Mercury (Hg (0)): Used in thermometers, barometers, and dental
amalgams. Poorly absorbed if ingested, but highly toxic if inhaled as vapor.
e Inorganic Mercury (Hg(I), Hg(II)): Used in some industrial processes. It can be found

in batteries.
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e Organic Mercury (e.g., Methylmercury, MeHg): The most toxic form, primarily
found in fish and shellfish. Formed when bacteria in aquatic environments convert
inorganic mercury to methylmercury (biomethylation).
Sources of Exposure

e Fish Consumption (Methylmercury): The most common source of mercury
exposure for humans. Methylmercury bioaccumulates in aquatic food chains (small
fish eat plankton with MeHg, larger fish eat small fish, predatory fish eat larger fish),
leading to very high levels in top predators (e.g., tuna, swordfish, shark).

e Industrial Emissions: Coal-fired power plants, gold mining (artisanal and small-
scale gold mining - ASGM), cement production, and chlor-alkali plants release
mercury into the atmosphere, which then deposits into water bodies.

e Dental Amalgams (Elemental Mercury): Amalgam fillings contain elemental
mercury; though the amount released is generally considered low, it's a source of
ongoing debate.

e Broken Thermometers/Fluorescent Lights (Elemental Mercury): Release mercury
vapor if broken.

e Occupational Exposure: Workers in chemical industries, dentists, lab technicians.
Mechanism of Toxicity: Mercury, particularly methylmercury, is a potent neurotoxin. It
readily crosses the blood-brain barrier and the placenta. It binds to sulthydryl groups,
disrupting enzyme function, protein synthesis, and cellular processes, leading to oxidative
stress and cell death.

Minamata Disease: The Tragic Example

Minamata disease is a severe neurological syndrome caused by mercury poisoning. It
was first identified in Minamata City, Japan, in 1956, where it resulted from industrial
wastewater discharged from the Chisso Corporation's chemical factory. The factory released
methylmercury into Minamata Bay and the Shiranui Sea, which then bioaccumulated in fish
and shellfish consumed by the local population.
Symptoms and Effects of Minamata Disease: The symptoms primarily affect the nervous
system:

e Sensory Disturbances: Numbness in the limbs (hands and feet), lips, and tongue
(paresthesia).

e Ataxia: Incoordination of movements, difficulty walking, clumsiness.

e Speech Disturbances: Dysarthria (slurred speech).

e Hearing Impairment: Narrowing of the visual field (tunnel vision).

e Muscle Weakness and Tremors: Involuntary muscle contractions.

o Fatigue, Headache, Irritability.
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e Mental Impairment: Confusion, cognitive deficits.

e Severe Cases: Paralysis, coma, severe seizures, and eventually death.

e Congenital Minamata Disease: Pregnant women exposed to methylmercury can
pass it to their fetuses, leading to severe brain damage and developmental
abnormalities in the child, even if the mother shows mild or no symptoms. This
includes mental retardation, cerebral palsy, microcephaly (abnormally small head),
and severe neurological dysfunction.

Diagnosis and Treatment: Diagnosis relies on clinical symptoms, history of exposure, and
measurement of mercury levels in blood, hair, or urine. Treatment involves removing

exposure and chelation therapy, though neurological damage can often be irreversible.

3. Cadmium (Cd) Toxicity: Itai-Itai Disease

Cadmium is a relatively rare heavy metal that is often found alongside zinc, lead, and
copper ores. It is primarily a byproduct of the mining and smelting of these other metals. It's
used in batteries (Ni-Cd batteries), pigments, plastics, coatings, and electroplating.

Sources of Exposure

o Industrial Pollution: A major source, particularly from mining, smelting (zinc, lead),
battery manufacturing, and plastic production. Cadmium can be released into the air,
water, and soil.

e Contaminated Food and Water: Crops grown in cadmium-contaminated soil (e.g.,
rice, leafy vegetables) are a primary route of exposure for the general population.
Contaminated shellfish.

o Cigarette Smoke: Tobacco plants can accumulate cadmium, making smoking a
significant source of exposure.

e Occupational Exposure: Workers in industries handling cadmium.

Mechanism of Toxicity: Cadmium primarily targets the kidneys and bones. It has a very
long biological half-life in the human body (10-30 years), meaning it accumulates over time.
It interferes with calcium metabolism, leading to bone demineralization and kidney
dysfunction. It also induces oxidative stress.
Itai-Itai Disease: The Painful Reality

Itai-itai disease (meaning "it hurts, it hurts" disease in Japanese) is a chronic, painful
bone and kidney disease caused by severe cadmium poisoning. It was recognized in 1955 in
Toyama Prefecture, Japan. The pollution originated from the Mitsui Mining and Smelting
Company's Kamioka mine, which discharged cadmium into the Jinzu River. The
contaminated river water was used to irrigate rice paddies, leading to high levels of cadmium

in the staple diet of the local population.
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Symptoms and Effects of Itai-itai Disease: The disease is characterized by
e Severe Osteomalacia (Bone Softening): Cadmium interferes with vitamin D
metabolism and calcium reabsorption, leading to widespread bone pain, bone
fragility, and an increased risk of fractures from minor stresses (e.g., coughing,
moving). This is the origin of the "it hurts, it hurts" cry.
e Osteoporosis: Reduction in bone density.
¢ Renal Dysfunction (Kidney Damage)

o Damage to the renal tubules, leading to impaired reabsorption of essential

nutrients.

o Proteinuria: Excretion of proteins (like low molecular weight proteins) in urine.

o Glycosuria: Excretion of glucose in urine, even with normal blood sugar.

o Aminoaciduria: Excretion of amino acids in urine.

o Ultimately, kidney failure can develop.

e Other Symptoms

o Anemia.

o Impaired sense of smell (anosmia).

o Liver damage (less common than kidney/bone).

o Associated with an increased risk of certain cancers (lung, kidney, prostate).
Diagnosis and Treatment: Diagnosis involves assessing symptoms, measuring cadmium
levels in blood and urine, and evaluating kidney function and bone health. There is no
specific cure for Itai-itai disease; treatment focuses on managing symptoms, alleviating pain,

improving nutrition (especially calcium and vitamin D), and preventing further exposure.

69



Bhumi Publishing, India

References:

e Barnes, R. D. (1987). Invertebrate Zoology (5th ed.). Saunders College Publishing.

e Brusca, R. C., & Brusca, G. J. (2003). Invertebrates (2nd ed.). Sinauer Associates.

o Kotpal, R. L. (2020). Protozoa: Paramoecium and Others. Rastogi Publications.

e Kotpal, R. L. (2020). Annelida: Earthworm and Others. Rastogi Publications.

e Dhami, P. S., & Dhami, J. K. (2018). Invertebrate Zoology. R. Chand & Co.

e Arora, D. R.,, & Arora, B. (2015). Medical Parasitology. CBS Publishers &
Distributors.

e Jordan, E. L., & Verma, P. S. (2013). Invertebrate Zoology. S. Chand Publishing.

e Wallace, R. L., Ricci, C., & Nogrady, T. (2006). Rotifera: Biology, Ecology and
Systematics. Backhuys Publishers.

e Kumar, U., & Khanna, D. R. (2009). Wildlife Protection and Conservation. Daya
Publishing House.

e Hunter, M. L. Jr., & Gibbs, J. P. (2007). Fundamentals of Conservation Biology (3rd
ed.). Wiley-Blackwell.

e Primack, R. B. (2014). Essentials of Conservation Biology (6th ed.). Sinauer
Associates.

e  Odum, E. P., & Barrett, G. W. (2005). Fundamentals of Ecology (5th ed.). Cengage
Learning.

e Ghosh, T. K., & Singh, B. D. (2011). Environmental Toxicology and Pollution.
Dominant Publishers.

o Sathe, T. V. (2004). Wildlife Conservation. Daya Publishing House.

e Gupta, P. K. (2016). Elements of Toxicology (2nd ed.). MedTech Scientific

International.

70



Practical Handbook of Minor Zoology (B. Sc. II, Sem IiI)
ISBN: 978-81-989981-2-5

About Authors

Prof. K. ). Adate is working as a Head,

Department of Zoology, Shivraj College
Gadhinglaj, Dist-Kolhapur since last twenty two
years. He has published many research papers
in reputed journals. He has completed one minor
research project of UGC. Till today Published
twenty one books for B. Sc. | and B. Sc. I
Zoology on Theory and practical syllabus of
Shivaji University, Kolhapur.

Mob. 9271692747

Dr. S. A. Vhanalakar is presently working as a
Vice Principal and Head, Department of
Zoology, Karmaveer Hire College, Gargoti, Dist —
Kolhapur. He has 15 wuyears of teaching
experience and 14 years of research experience.
There are 53 research papers, 12 book chapters
14 edited booR, 50 popular newspaper articles
and 8 books on the name of Dr. Vhanalakar. He
workRed as an organizing secretary for two
international, three national and ten university
level conferences and seminars.

Mob. 9511266950

Y 4

Bhumi Publishing

Dr. V. V. Ajagekar is working as a Head,
Department of Zoology, Ajara Mahavidyalaya,
Ajara, Dist-Kolhapur since last twenty six years.
He is Research guide for M.Phil. and Ph.D. of
Shivaji University, Kolhapur. He has completed one
Minor Research Project and published sixteen
research papers in reputed Journals. Till today
Published twenty one books for B. Sc. | and B. Sc. Il
on syllabus of Shivaji University Kolhapur.

Mob. 9890087915

Dr. M. ). Lubal is presently working as Head,
Department of Zoology, Dahiwadi College,
Dahiwadi, Dist. Satara. He has 25 years of teaching
and 15 years of research experience. There are 13
research papers and 5 books on the name of Dr.
Lubal. He is Coordinator, Livelihood Business
approved by MMSME,

Gouernment of India of the college. He has received

Incubation  Centre
various awards by recognized authorities. He is
workig as PI for one research project funded by PM
USHA, Gout. of India.

Mob. 9309542488

78-81-9

39 ‘788 8”9

19

9812 5“




