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Preface

Advance Research in Trends in Biology have brought about remarkable progress in
various fields, including Zoology, Vermicomposting, Bioinstrumentation, Herpetology,
Entomology, Toxicology, Microbiology, Biological fertilizers, Ecosystems, Endocrinology,
Phycology, Plant pathology, Mycotoxins, Biopesticides, Microbiology, Chromatography,
Bioinformatics, Conservation Biology, Pharmacognosy, Marine pollution and Oceanography.
We am to foster scientific curiosity, inspire further research and contribute to the
advancement of knowledge in these fields.

We are very much thankful to Thanuj International Publishers who readily accept and
publish this subject. Also the author is very much thankful to Professor Indu Singh,
Dr.Vimala Bangarusamy, Dr.S.K.Sujatha, Prasegja Cheruparambath, Kripasree R,Deepa
Kesavan, Tamanna Mgji, Ayan Chatterjee, Dr.P.Venkatachalam, Dr. S Anbumalar, Dr. P.
Ashok Kumar, Dr. S. Uma, K. Sudha, M. Logitha, Dr. Vimaa Bangarusamy, G.
Arunachalam, Divya R., Gowridevi V., G.K.Saravanan, Dr.Banupriya R., B.Varshini,
V.Gayathri, Manjunatha M.N., Benazir Begum S, Priya A., Kowsalya S., Umavathi S.,
Thangam Y.,V.Anupriya, J.Sasikala Devi, Umamaheswari S.,Sudha S.,Chithra V.S., Misna
K.A. Athira C.S., Revathi R.Menon, Prasegja Cheruparambath, Deepa Kesavan, Rukhsana
Kokkadan, Hrishika A.G., Sayed Ali Fatima K.M., Annalakshmi T., Babila Jasmine J,,R.
Banupriya, S. Vinod Kanna, L.Krishnasamy, Dr.N.Umamaheswari, E.Bhuvansari and
Annalakshmi T. for contributing their help and support for this work.

Dr.R.B.Tripathi
Dr. N. Aarthi
Dr. P. Madhiyazhagan.
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General organization and Affinities of Crocodilia

Dr. R. B. Tripathi
P.G. Department of Zoology, M.L.K.P.G.College,
Balrampur-271201 (U.P.), India
E-mail: drrbtripathi.77@gmail.com

I ntroduction

Crocodilia is an order of mostly large, predatory, semiaguatic reptiles,
known as crocodilians. They first appeared 95 million years ago in the Late
Cretaceous period (Cenomanian stage) and are the closest living relatives of
birds, as the two groups are the only known survivors of the Archosauria.
Members of the order's total group, the clade Pseudosuchia, appeared about
250 million years ago in the Early Triassic period, and diversified during the
Mesozoic era.

3 families are crocodiles (family Crocodylidae),the aligators and
camans (family Alligatoridag),and the gharial and false gharia (family
Gaviaidae). Although the term 'crocodiles’ is sometimes used to refer to all of
these, crocodilians are a less ambiguous vernacular term for members of this
group. Large, solidly built, lizard-like reptiles, crocodilians have long flattened
snouts, laterally compressed tails, and eyes, ears, and nostrils at the top of the
head. They swim well and can move on land in a "high walk" and a "low
walk", while smaller species are even capable of galloping. Their skin is thick
and covered in non-overlapping scales. They have conical, peg-like teeth and a
powerful bite. They have a four-chambered heart and, somewhat like birds, a
unidirectional looping system of airflow within the lungs, but like other living
reptiles they are ectotherms.

Crocodilians are found mainly in lowlands in the tropics, but alligators
also live in the southeastern United States and the Yangtze River in China
They are largely carnivorous, the various species feeding on animals such as
fish, crustaceans, molluscs, birds, and mammals; some species like the Indian
gharial are specialised feeders, while others like the saltwater crocodile have
generalised diets. Crocodilians are typically solitary and territorial, though
cooperative feeding does occur. During breeding, dominant males try to
monopolise available females. Females lay eggs in holes or in mounds and,
unlike most other reptiles, care for their hatched young.

1| 1SBN: 978-93-94638-75-4
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Some species of crocodilians are known to have attacked humans. The

largest number of attacks comes from the Nile crocodile. Humans are the
greatest threat to crocodilian populations through activities that include
hunting, poaching, and habitat destruction, but farming of crocodilians has
greatly reduced unlawful trading in wild skins. Artistic and literary
representations of crocodilians have appeared in human cultures around the
world since Ancient Egypt.

Characteristic Features:

1.

They are carnivorous and freshwater reptiles. They swim by the
undulation of their powerful tail.

The limbs are not powerful as the tail and are used in carrying the body
on land.

The forelimbs are shorter than the hind and have five digits in the
forelimbs and four digits inthe hind limbs. The digits of the forelimbs are
webbed.

The body is elongated and the skin bears epidermal scales which are
supported by dermal bones or scutes. The scales are supported by dermal
plates osteoderms.

5. Thetail islaterally compressed.
6. The cloacal apertureislongitudinal, i.e., elongated in the direction of the

long axis of the body.

7. Malesare provided with a single and median erectile copulatory organ.

8. A clitorisoccursin female.

9. The teeth are thecodont (advanced feature) and are borne on premaxillae,

10.
11.
12.

13.

maxillae and dentaries.
The teeth contain persistent pulp.
The oesophagus can be distended to store food.

The stomach suggests a bird’s gizzard for the muscular walls are strong,
and glandular pyloric end is twisted upward. Very often stones measuring
about 2.5 cm in diameter are found inside stomach. The cavity of the
mouth is bounded behind by two soft transverse membranes which meet
when the animal draws the prey.

The nostrils are situated at the tip of the snout.

2 | ISBN: 978-93-94638-75-4
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14. The external naria openings are opened by longitudinal dilator muscle
and closed by a constrictor muscle. During submersion in water the
external narial openings are closed. The muscle fibres comprising both
these muscles are un-striated and are controlled by the sympathetic
nervous system.

15. Theinternal nasal aperture is situated at the back of the mouth.
16. The lungs are invested by pleural sacs.

17. An incipient diaphragm (advanced feature) is situated between thoracic
and abdominal wall.

18. The heart is four-chambered and the inter-ventricular septum is complete
(advanced feature).

19. Theroots of the left and right aortic arches are twisted and communicated
by the foramen of Panizza (Fig. 8.59) through which an interchange of
blood does not take place.

20. The crocodilians are ectothermic animals.

21. The brain is well-formed. The cerebellum shows the development of a
median lobe (vermis) and two lateral lobes (flocculi).

22. The eyes are provided with pecten (advanced feature).
23. The nervous system and the sense organs show many avian features.
24. The auditory organs have a substantial |agena.

25. The tympanic membrane is sunk in a pit (advanced feature) and protected
by two scalymovable flaps. These flaps are operated by special muscle
and shut the external auditory meatus when the crocodiles dive.

26. The eggs are laid in excavated burrows and need no incubation.

27. The skin glands are situated on the margin of lower jaw, round cloaca
aperture and on dorsal scutes. Secretion of the glands smells like musk
and becomes very strong during breeding season.

28. The skull is highly sculptured with persistent sutures29. Inter-orbital
septum with large alisphenoid is present.

30. Inter-orbital septum is well-developed.

31. Maxillae, palatine and pterygoids meet at the middle line of the roof of
the skull and determine the position of posterior nares.

3| ISBN: 978-93-94638-75-4
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32. Trangpaiatine bone is present.

33. The quadrate is large and immovable.
34. The inter-parietal foramen is absent.
35. Internal nasal apertureis single.

36. A bony secondary palate is present which is formed by the fusion of
shelves grown out fromthe maxillae, palatines and pterygoids (advanced
feature).

37. Lower jaw is composed of a cartilaginous articular working on quadrate
and five membranebones.

38. The vertebral column is divisible into cervical, thoracic, lumbar, sacral
and caudal regions.

39. Vertebrae are either amphicoelous or procoelous excepting the first two
cervicals, sacrals andfirst caudal.

40. Thereis apro-atlasin between skull and atlas.

41. Thefirst cauda has convexity at both ends.

42. There are two sacral vertebrae.

43. The caudal vertebrae are provided with chevron bones.

44. The anterior thoracic vertebrae bear bifid and elongated transverse
processes.

45. Sternal and abdominal ribs (gastralia) are present.

46. Sternal ribs have uncinate process. Most of the ribs are double-headed
(advanced feature).

47. The pectoral girdle consists of dorsal scapulae and ventral coracoids.
48. The clavicles are absent.

49. The epicoracoids are thin strips between sternum and coracoid.

50. The episternum is feebly devel oped.

51. The coracoids are perforated.

52. The pelvic girdle consists of largeilia, pubes and ischia.

53. The epipubisis present and the symphysisisischio-pubic in nature.

4| 1SBN: 978-93-94638-75-4
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54. The pubes are small and do not participate in the formation of the
acetabulum.
Origin:

The common term “crocodile” comes from the Greek Krokodeilos
meaning lizard. Crocodilians may have descended from some group of Triassic
thecodonts, the stem group of all archosaurian reptiles and birds. The oldest
crocodilian fossil is Proterochampsa barrionuevoi which has been discovered
from Triassic beds of Western Argentina. Another fossil of uppermost Triassic,
Protosuchus, has discovered from Arizona. These two fossils with others
formed a group, called Protosuchia. The protosuchians were about 1.5 m in
length. The mesosuchians were evolved from the protosuchian ancestors and
were represented by Teleosaurus and Steneosaurus. They lived in huge
numbers from lower Jurassic to the end of Cretaceous. The nasal passage of the
mesosuchians was completely separated from the mouth cavity. During
Cretaceous period, the advanced crocodilians, the Sebacosuchians and the
Eusuchians, arose from the Mesosuchians. The sebacosuchians line of
evolution was represented by Sabacus and Baurusuchus. These animals were
restricted to South America and soon became extinct. The eusuchian line of
evolution represents three modern groups of Crocodiles — Crocodylidae,
Alligatoridae and Gavialidae. Among the major groups of reptiles, the Order
Crocodiliaincludes the largest forms of living reptiles.

Distribution and Habitats:

Crocodilians are amphibious reptiles, spending part of their time in
water and part on land. The last surviving fully terrestrial genus, Mekosuchus,
became extinct about 3000 years ago after humans had arrived on its Pacific
islands, making the extinction possibly anthropogenic.Typically they are
creatures of the tropics; the main exceptions are the American and Chinese
aligators, whose ranges consist of the south-eastern United States and the
Y angtze River, respectively. Florida, in the United States, is the only place that
crocodiles and alligators live side by side. Most crocodilians live in the
lowlands, and few are found above 1,000 metres (3,300 ft), where the
temperatures are typically about 5 °C (9 °F) lower than at the coast. None of
them permanently reside in the sea, though some can venture into it, and
several species can tolerate the brackish water of estuaries, mangrove swamps,
and the extreme salinity of hypersaline lakes. The saltwater crocodile has the
widest distribution of any crocodilian, with a range extending from eastern
India to New Guinea and northern Australia. Much of its success is due to its
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ability to swim out to sea and colonise new locations, but it is not restricted to
the marine environment and spends much time in estuaries, rivers, and large
lakes.

B et ~r“ ::.:I.‘ : e T . s ih

Various types of aquatic habitats are used by different crocodilians.
Some species are relatively more terrestrial and prefer swamps, ponds, and the
edges of lakes, where they can bask in the sun and there is plenty of plant life
supporting a diverse fauna. Others spend more time in the water and inhabit the
lower stretches of rivers, mangrove swamps, and estuaries. These habitats also
have arich flora and provide plenty of food. The Asian gharials find the fish on
which they feed in the pools and backwaters of swift rivers. South American
dwarf caimans inhabit cool, fast flowing streams, often near waterfalls, and
other caimans live in warmer, turbid lakes and slow moving rivers. The
crocodiles are mainly river dwellers, and the Chinese alligator isfound in slow-
moving, turbid rivers flowing across Chinds floodplains. The American
aligator is an adaptable species and inhabits swamps, rivers, or lakes with clear
or turbid water. Climatic factors also affect crocodilians distribution locally.
During the dry season, caimans can be restricted to deep pools in rivers for
several months; in the rainy season, much of the savannain the Orinoco Llanos
is flooded, and they disperse widely across the plain. Desert crocodiles in
Mauritania have adapted to their arid environment by staying in caves or
burrows in a state of aestivation during the driest periods. When it rains, the
reptiles gather at gueltas. Dry land is also important as it provides opportunities

6 | ISBN: 978-93-94638-75-4
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for basking, nesting, and escaping from temperature extremes. Gaping allows
evaporation of moisture from the mouth lining and has a cooling effect, and
several species make use of shallow burrows on land to keep cool. Wallowing
in mud can aso help prevent them from overheating. Four species of
crocodilians climb trees to bask in areas lacking a shoreline. The type of
vegetation bordering the rivers and lakes inhabited by crocodilians is mostly
humid tropical forest, with mangrove swamps in estuarine areas. These forests
are of great importance to the crocodilians, creating suitable microhabitats
where they can flourish. The roots of the trees absorb water when it rains,
releasing it back slowly into the environment. When the forests are cleared to
make way for agriculture, rivers tend to silt up, the water runs off rapidly, the
water courses can dry up in the dry season and flooding can occur in the wet
season. Destruction of forest habitat is probably a greater threat to crocodilians
than hunting.

Mor phology

Crocodilians range in size from the Paleosuchus and Osteolaemus
species, which reach 1-1.5 m (3 ft 3in— 4 ft 11 in), to the saltwater crocodile,
which reaches 7 m (23 ft) and weighs up to

2,000 kg (4,400 Ib), thoughsome prehistoric  speciessuch

as the late Cretaceous Deinosuchus were even larger at up to about
11 m (36 ft) and 3,450 kg (7,610 Ib). They tend to be sexually dimorphic, with
males much larger than females. Though there is diversity in snout and tooth
shape, all crocodilian species have essentially the same body morphology.
They have solidly built, lizard-like bodies with elongated, flattened snouts and
laterally compressed tails. Their limbs are reduced in size; the front feet have
five digits with little or no webbing, and the hind feet have four webbed digits
and a rudimentary fifth. The skeleton is somewhat typical of tetrapods,
although the skull, pelvis and ribs are speciadised; in particular, the
cartilaginous processes of the ribs allow the thorax to collapse during diving
and the structure of the pelvis can accommodate large masses of food, or more
air inthelungs. Both sexeshave acloaca, a single chamber and

outlet at the base of thetailinto  which the
intestinal, urinary and genital tracts open. It houses the penis in maes and the
clitoris in females. The crocodilian penis is permanently erect and relies on
cloacal muscles for eversion and elastic ligaments and a tendon for recoil. The
gonads are located near the kidneys.

7 | ISBN: 978-93-94638-75-4
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The eyes, ears and nostrils of crocodilians are at the top of the head.
This alows them to stalk their prey with most of their bodies underwater.
Crocodilians possess a tapetum lucidum which enhances vision in low light.
While eyesight is fairly good in air, it is significantly weakened underwater.
The fovea in other vertebrates is usually circular, but in crocodiles it is a
horizontal bar of tightly packed receptors across the middle of the retina. When
the animal completely submerges, the nictitating membranes cover its eyes. In
addition, glands on the nictitating membrane secrete a salty lubricant that keeps
the eye clean. When a crocodilian leaves the water and dries off, this substance
isvisible as "tears".

The ears are adapted for hearing both in air and underwater, and the
eardrums are protected by flaps that can be opened or closed by muscles.
Crocodilians have a wide hearing range, with sensitivity comparable to most
birds and many mammals. They have only one olfactory chamber and the
vomeronasal organ is absent in the adults indicating all olfactory perception is
limited to the olfactory system.

g

Scaly Skin Nostril

Eye

Skin and Scales

The skin of crocodilians is thick and cornified, and is clad in non-
overlapping scales known as scutes, arranged in regular rows and patterns.
These scales are continually being produced by cell division in the underlying
layer of the epidermis, the stratum germinativum, and the surface of individual
scutes sloughs off periodically. The outer surface of the scutes consists of the
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relatively rigid beta-keratin while the hinge region between the scutes contains
only the more pliable apha-keratin.

Many of the scutes are strengthened by bony plates known as
osteoderms, which are the same size and shape as the superficial scales but
grow beneath them. They are most numerous on the back and neck of the
animal and may form a protective armour. They often have prominent, lumpy
ridges and are covered in hard-wearing beta-keratin. The head and jaws lack
actual scales and are instead covered in tight keratinised skin that cracks due to
stress. The skin on the neck and flanks is loose, while that on the abdomen and
underside of the tail is sheathed in large, flat square scutes arranged in neat
rows. The scutes contain blood vessels and may act to absorb or radiate heat
during thermoregulation. Research also suggests that alkaline ions released into
the blood from the calcium and magnesium in these dermal bones act as a
buffer during prolonged submersion when increasing levels of carbon dioxide
would otherwise cause acidosis.

Some scutes contain a single pore known as an integumentary sense
organ. Crocodiles and gharials have these on large parts of their bodies, while
aligators and caimans only have them on the head. Their exact function is not
fully understood, but it has been suggested that they may be mechanosensory
organs. Another possibility is that they may produce an oily secretion that
prevents mud from adhering to the skin. There are prominent paired
integumentary glands in skin folds on the throat, and others in the side walls of
the cloaca. Various functions for these have been suggested. They may play a
part in communication, as indirect evidence suggest that they secrete
pheromones used in courtship or nesting. The skin of crocodilians is tough and
can withstand damage from conspecifics, and the immune system is effective
enough to heal wounds within afew days.

L ocomotion

Crocodilians are excellent swimmers. During aquatic locomotion, the
muscular tail undulates from side to side to drive the animal through the water
while the limbs are held close to the body to reduce drag. When the animal
needs to stop, steer, or man oeuvre in a different direction, the limbs are
splayed out. Crocodilians generally cruise slowly on the surface or underwater
with gentle sinuous movements of the tail, but when pursued or when chasing
prey, they can move rapidly. Crocodilians are less well-adapted for moving on
land, and are unusual among vertebrates in having two different means of
terrestrial locomotion: the "high walk™ and the "low walk”. Their ankle joints
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flex in a different way from those of other reptiles, a feature they share with
some early archosaurs. One of the upper row of ankle bones, the astragalus,
moves with the tibia and fibula. The other, the calcaneum, is functionally part
of the foot, and has a socket into which a peg from the astragalus fits. The
result is that the legs can be held amost vertically beneath the body when on
land, and the foot can swivel during locomotion with a twisting movement at
the ankle.

= T T, o P e . s

The high walk of crocodilians, with the belly and most of the tail being
held off the ground, is unique among living reptiles. It somewhat resembles the
walk of amammal, with the same sequence of limb movements: |€eft fore, right
hind, right fore, left hind. The low walk is similar to the high walk, but without
the body being raised, and is quite different from the sprawling walk of
salamanders and lizards. The animal can change from one walk to the other
instantaneously, but the high walk is the usual means of locomotion on land.
The animal may push its body up and use this form immediately, or may take
one or two strides of low walk before raising the body higher. Unlike most
other land vertebrates, when crocodilians increase their pace of travel they
increase the speed at which the lower half of each limb (rather than the whole
leg) swings forward; by this means, stride length increases while stride
duration decreases

Though typically slow on land, crocodilians can produce brief bursts of
speed, and some can run at 12 to 14 km/h (7.5 to 8.7 mph) for short distances.
A fast entry into water from a muddy bank can be effected by plunging to the
ground, twisting the body from side to side and splaying out the l[imbs. In some
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small species such as the freshwater crocodile, a running gait can progress to a
bounding gallop. This involves the hind limbs launching the body forward and
the fore limbs subsequently taking the weight. Next, the hind limbs swing
forward as the spine flexes dorsoventrally, and this sequence of movementsis
repeated. During terrestrial locomotion, a crocodilian can keep its back and tall
straight, since the scales are attached to the vertebrae by muscles. Whether on
land or in water, crocodilians can jump or leap by pressing their tails and hind
limbs against the substrate and then launching themselves into the air.

Respiration

Crocodilians were traditionally thought to breathe like mammals, with
airflow moving in and out tidally, but studies published in 2010 and 2013
conclude that crocodilians breathe more like birds, with airflow moving in a
unidirectional loop within the lungs. When a crocodilian inhales, air flows
through the trachea and into two primary bronchi, or airways, which branch off
into narrower secondary passageways. The air continues to move through
these, then into even narrower tertiary airways, and then into other secondary
airways which were bypassed the first time. The air then flows back into the
primary airways and is exhaled. These aerodynamic vaves within the
bronchial tree have been hypothesised to explain how crocodilians can have
unidirectional airflow without the aid of avian-like air sacs.

The lungs of crocodilians are attached to the liver and the pelvis by the
diaphragmaticus muscle (analogous of the digphragm in mammals). During
inhalation, the external intercostal muscles expand the ribs, alowing the animal
to take in more air, while the ischiopubis muscle causes the hips to swing
downwards and push the belly outward, and the diaphragmaticus pulls the liver
back. When exhaling, the internal intercostal muscles push the ribs inward,
while the rectus abdominis pulls the hips and liver forwards and the belly
inward. Because the lungs expand into the space formerly occupied by the liver
and are compressed when it moves back into position, this motion is sometimes
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referred to as a "hepatic piston”. Crocodilians can also use these muscles to
adjust the position of their lungs; thereby controlling their buoyancy in the
water. An animal sinks when the lungs are pulled towards the tail and floats
when they move back towards the head. This alows them to move through the
water without creating disturbances that could alert potential prey. They can
also spin and twist by moving their lungs lateraly.

Swimming and diving crocodilians appear to rely on lung volume more
for buoyancy than oxygen storage. Just before diving, the animal exhales to
reduce its lung volume and achieve negative buoyancy. When submerging, the
nostrils of a crocodilian shut tight. All species have a paatal valve, a
membranous flap of skin at the back of the oral cavity that prevents water from
flowing into the throat, oesophagus, and trachea. This enables them to open
their mouths underwater without drowning. Crocodilians typicaly remain
underwater for fifteen minutes or less at a time, but some can hold their breath
for up to two hours under ideal conditions. The maximum diving depth is
unknown, but crocodiles can dive to at least 20 m (66 ft).

Diet and Digestion

Jaws and Teeth

The snout shape of crocodilians varies between species. Crocodiles may
have either broad or slender snouts, while aligators and caimans have mostly
broad ones. Gharials have snouts that are extremely elongated. The muscles
that close the jaws are much more massive and powerful than the ones that
open them, and a crocodilian's jaws can be held shut by a person fairly easily.
Conversely, the jaws are extremely difficult to pry open. The powerful closing
muscles attach at the median portion of the lower jaw and the jaw hinge
attaches to the atlanto-occipital joint, allowing the animal to open its mouth
fairly wide.
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Crocodilians have some of the strongest bite forces in the animal
kingdom. In a study published in 2003, an American aligator's bite force was
measured at up to 2,125 Ibf (9.45 kN). In a 2012 study, a saltwater crocodile's
bite force was measured even higher, at 3,700 Ibf (16 kN). This study also
found no correlation between bite force and snout shape. Nevertheless, the
gharia’s extremely slender jaws are relatively weak and built more for quick
jaw closure. The bite force of Delnosuchus may have measured 23,000 |bf (100
kN), even greater than that of theropod dinosaurs like Tyrannosaur us.

Crocodilian teeth vary from blunt and dull to sharp and needle-like.
Broad-snouted species have teeth that vary in size, while those of slender-
snouted species are more uniform. The teeth of crocodiles and gharias tend to
be more visible than those of alligators and caimans when the jaws are closed.
The easiest way to distinguish crocodiles from aligators is by looking at their
jaw line. The teeth on the lower jaw of an aligator fit into sockets in the upper
jaw, so only the upper teeth are visible when the mouth is closed. The teeth on
the lower jaw of a crocodile fit into grooves on the outside of the top jaw
making both the upper and lower teeth visible when the mouth is closed.

Crocodilians are homodonts, meaning each of their teeth are al of the
same type (they do not possess different tooth types, such as canines and
molars) and polyphyodonts are able to replace each of their approximately 80
teeth up to 50 times in their 35 to 75-year lifespan. They are the only non-
mammalian vertebrates with tooth sockets. Next to each full-grown tooth there
is asmall replacement tooth and an odontogenic stem cell in the dental lamina
in standby, which can be activated when required. Tooth replacement slows
significantly and eventually stops as the animal grows old.

Diet: By the structure of jaws and teeth, it appears that crocodilians are
efficient predators but most of the crocodiles are nocturnal hunters and spend at
most of the day time by basking. So field observations during day do not reveal
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a large number of prey species. The variety of prey species is counted by the
examination of stomach contents.

The prey species is markedly different with the change of age, size and
habitat. Diet of young crocodilians includes insects, small fishes, snails, crabs,
shrimps, tadpoles and frogs. Food of sub adult and adult crocodilians consists
of a bulk of fish (about 70%), crabs, terrapins and turtles, birds and small and
large mammals.

With the change of the habitat, their food also changes. In the brackish-
water and in the estuarine zone, the diet of the crocodilians includes mud or
fiddler crabs, mud skippers, prawns, shrimps, insects, molluscs and a variety of
fishes. Crocodilians of the swampy and freshwater system feed on tadpoles,
frogs, snails and avariety of freshwater fishes.

The food of long snouted crocodilians such as Ghariad (Gavialis
gangeticus), False Gharia (Tomistoma schegeli), African Long Snouted
Crocodile (Crocodylus cataphractus) etc. is mainly fish. Crabs, frogs, birds and
small mammals are also reported. The Estuarine crocodile (C. porosus) of
Indo-Pacific region subsists on cattle, buffaloes, crab-eating monkeys,
squirrels, goats, sheep wallabies and some birds.

Fish adso forms a part of the diet. Diet of adult Mugger (C. paustris)
includes frogs, snakes, fish, birds and small mammals. Among mammals,
monkeys, sambars (Cervus unicolor) and gaur (Bos gaurus) are recorded. Large
adult Nile Crocodile (C. niloticus) eats antel ope, zebra, warthog, man and large
domestic animals. Adult American Alligator (Alligator mississippiensis)
consumes turtles, snakes, fish, birds and small mammals. Very occasionally
eating of man has been reported.

Crocodilian teeth are adapted for seizing and holding prey, and food is
swallowed unchewed. The digestive tract is relatively short, as meat is a fairly
simple substance to digest. The stomach is divided into two parts: a muscular
gizzard that grinds food, and a digestive chamber where enzymes work on it.
The stomach is more acidic than that of any other vertebrate and contains
ridges for gastroliths, which play a role in the mechanical breakdown of food.
Digestion takes place more quickly at higher temperatures. Crocodilians have a
very low metabolic rate and consequently, low energy requirements. This
allows them to survive for many months on a single large meal, digesting the
food slowly. They can withstand extended fasting, living on stored fat between
meals. Even recently hatched crocodiles are able to survive 58 days without
food, losing 23% of their bodyweight during this time. An adult crocodile
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needs between a tenth and a fifth of the amount of food necessary for alion of
the same weight, and can live for half a year without eating. Amona glabra
(Pond-apple tree) seeds recovered from the stomach of an Alligator
mississippiensis (American alligator) captured in the Florida Coasta
Everglades were nonviable under ideal germination conditions and were likely
destroyed by stomach acids. Alligators are unlikely to be dispersers of Pond-
apple seeds and may instead act as seed predators.

Circulation

The crocodilian has perhaps the most complex vertebrate circulatory
system. It has a fourchambered heart and two ventricles, an unusua trait
among extant reptiles, and both a left and right aorta which are connected by a
hole caled the Foramen of Panizza. Like birds and mammals, crocodilians
have heart valves that direct blood flow in a single direction through the heart
chambers. They aso have unique cog-teeth-like valves that, when interlocked,
direct blood to the left aorta and away from the lungs, and then back around the
body. This system may allow the animals to remain submerged for a longer
period, but this explanation has been questioned. Other possible reasons for the
peculiar circulatory system include assistance with thermoregulatory needs,
prevention of pulmonary oedema, or faster recovery from metabolic acidosis.
Retaining carbon dioxide within the body permits an increase in the rate of
gastric acid secretion and thus the efficiency of digestion, and other
gastrointestinal organs such as the pancreas, spleen, small intestine, and liver
also function more efficiently.

When submerged, a crocodilian’'s heart rate slows down to one or two
beats a minute, and blood flow to the muscles is reduced. When it rises and
takes a breath, its heart rate speeds up in seconds, and the muscles receive
newly oxygenated blood. Unlike many marine mammals, crocodilians have
little myoglobin to store oxygen in their muscles. During diving, muscles are
supplied with oxygen when an increasing concentration of bicarbonate ions
causes haemoglobin in the blood to release oxygen.

Nervous System

The crocodile is part of the class of reptiles and all brains and nervous
systems in this class are fairly similar. Out of the reptiles the crocodile is
considered to have one of the most advanced nervous systems. The crocodile
has very strong sensory organs, the strongest being its sense of touch. The
crocodiles have small bumps around their body that are essentially bundied up
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nerve tissue. These bumps detect even the slightest movements in the water,
enhancing the crocodiles effectivenessin survival and as a predator.

Excretory System

The kidneys and excretory system are much the same as in other
reptiles, but crocodilians do not have a bladder. In fresh water, the osmolality
(the concentration of solutes that contribute to a solution's osmotic pressure) in
the plasma is much higher than it is in the surrounding water. The animals are
well-hydrated, and the urine in the cloaca is abundant and dilute, nitrogen
being excreted as ammonium bicarbonate. Sodium loss is low and mainly takes
place through the skin in freshwater conditions. In seawater, the opposite is
true. The osmolality in the plasma is lower than the surrounding water, which
is dehydrating for the animal. The cloacal urine is much more concentrated,
white, and opague, with the nitrogenous waste being mostly excreted as
insoluble uric acid.

Reproduction:

Courtship

Courtship starts in December and mating takes place in January and
February. The females first indicate the willingness of mating by raising the
snout upward. Crocodilians are generally polygynous, and individual males try
to mate with as many females as they can. Monogamous pairings have been
recorded in American alligators. Dominant male crocodilians patrol and defend
territories which contain several females. Maes of some species, like the
American aligator, try to attract females with elaborate courtship displays.
During courtship, crocodilian males and females may rub against each other,
circle around, and perform swimming displays. Copulation typically occurs in
the water. When afemale is ready to mate, she arches her back while her head
and tail submerge. The male rubs across the female's neck and then grasps her
with his hindlimbs, placing his tail underneath hers so their cloacas aign and
his penis can be inserted. Mating can last up to 15 minutes, during which time
the pair continuously submerge and surface. While dominant males usually
monopolise reproductive females, multiple paternity is known to exist in
American aligators, where as many as three different males may sire offspring
in asingle clutch. Within a month of mating. The females make nest on a high,
steep sandy bank of rivers. Depending on the species, female crocodilians may
construct either holes or mounds as nests, the latter made from vegetation,
litter, sand, or soil. Nests are typically found near dens or caves. Those made
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by different females are sometimes close to each other, particularly in hole-
nesting species. The female deposits about 35-100 eggs in the hole at night.

’#,.-/l ¥

Crocodilian eggs are protected by hard shells made of calcium
carbonate. The incubation period is two to three months. The temperature at
which the eggs incubate determines the sex of the hatchlings. Constant nest
temperatures above 32 °C (90 °F) produce more males, while those below 31
°C (88 °F) produce more females. However, sex in crocodilians may be
determined in a short interval, and nests are subject to changes in temperature.
Most natural nests produce hatchlings of both sexes, though single-sex clutches
do occur.

The young may al hatch in a single night. Crocodilians are unusual
among reptiles in the amount of parental care provided after the young hatch.
The mother helps excavate hatchlings from the nest and carries them to water
in her mouth. Newly hatched crocodilians gather together and stay close to
their mother. Both male and femae adult crocodilians will respond to
vocalizations by hatchlings. For spectacled caimans in the Venezuelan Ilanos,
individual mothers are known to leave their young in the same nurseries, or
créches, and one of the mothers guards them. Hatchlings of many species tend
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to bask in a group during the day and disperse at nightfall to feed. The time it
takes young crocodilians to reach independence can vary. For American
aligators, groups of young associates with adults for one to two years, while
juvenile saltwater and Nile crocodiles become independent in afew months.

The mode of courtship before copulation is complex and most advanced
type among reptiles. Both courtship and copulation take place in water. Sexual
dimorphism in size occurs in most of crocodilians, in which males grow faster
and attain maturity than females.

Male Indian Mugger (Crocodylus palustris) becomes mature in about
10 years old. Before courtship the jaw slap or head slap of the males attracts
the female, and the female responds with her own jaw slap. In the month of
January or February, the female initiates courtship by swimming around a male
with head upraised.

The male also responds by snout rubbing circling and submerging.
Within 40 days after copulation the female chooses a bank site and digs a “L
shaped hole” at night. She lays about 2530 eggs in the hole but sometimes 46
eggs are known. After egg laying, the mother mugger guards the nest from any
intruder for about two months.

Female Salt water crocodiles (C. porosus) of Indo-Pacific region lay
eggs on mound nest. Clutches of eggs include 60-80. Females make nest only
in winter season and parental care has been observed. Mound nest for egg
laying is found in most of the crocodiles. Snout rubbing, mounting by both
partners, circling are the signals of courtship in Gharials (Gavialis gangeticus).

Caimans and Alligators make mound nests by fresh vegetation soil and
leaf litter. Visual signals and vocal communication use during courtship.
Normally at the time of courtship the males lift their heads high and hold their
tails vertically out of the water.

Egg Laying and Parental Care

Females American Alligator (Alligator mississippiensis) lay about 45
eggs. Para-natal care has been noticed. Depending on the species, femae
crocodilians may construct either holes or mounds as nests, the latter made
from vegetation, litter, sand, or soil. Nests are typically found near dens or
caves. Those made by different females are sometimes close to each other,
particularly in hole-nesting species. The number of eggs laid in a single clutch
ranges from ten to fifty. Crocodilian eggs are protected by hard shells made of
cacium carbonate. The incubation period is two to three months. The
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temperature at which the eggs incubate determines the sex of the hatchlings.
Constant nest temperatures above 32 °C (90 °F) produce more males, while
those below 31 °C (88 °F) produce more females. However, sex in crocodilians
may be determined in a short interval, and nests are subject to changes in
temperature. Most natural nests produce hatchlings of both sexes, though
single-sex clutches do occur.

The young may al hatch in a single night. Crocodilians are unusual
among reptiles in the amount of parental care provided after the young hatch.
The mother helps excavate hatchlings from the nest and carries them to water
in her mouth. Newly hatched crocodilians gather together and stay close to
their mother. Both male and femae adult crocodilians will respond to
vocalizations by hatchlings. For spectacled caimans in the Venezuelan llanos,
individual mothers are known to leave their young in the same nurseries, or
creches, and one of the mothers guards them. Hatchlings of many species tend
to bask in a group during the day and disperse at nightfall to feed. The time it
takes young crocodilians to reach independence can vary. For American
aligators, groups of young associate with adults for one to two years, while
juvenile saltwater and Nile crocodiles become independent in afew months.

Thermoregulation

Crocodilians are ectotherms, producing relatively little heat internally
and relying on external sources to raise their body temperatures. The sun's heat
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is the main means of warming for any crocodilian, while immersion in water
may either raise its temperature by conduction, or cool the anima in hot
weather. The main method for regulating its temperature is behavioural. For
example, an alligator in temperate regions may start the day by basking in the
sun on land. A bulky animal, it warms up slowly, but a some time later in the
day it moves into the water, still exposing its dorsal surface to the sun. At night
it remains submerged, and its temperature slowly falls. The basking period is
extended in winter and reduced in summer. For crocodiles in the tropics,
avoiding overheating is generally the main problem. They may bask briefly in
the morning but then move into the shade, remaining there for the rest of the
day, or submerge themselves in water to keep cool. Gaping with the mouth can
provide cooling by evaporation from the mouth lining. By these means, the
temperature range of crocodilians is usually maintained between 25 and 35 °C
(77 and 95 °F), and mainly staysin the range 30 to 33 °C (86 to 91 °F).

The ranges of the American and Chinese alligator extend into regions
that sometimes experience periods of frost in winter. Being ectothermic, the
internal body temperature of crocodilians falls as the temperature drops, and
they become sluggish. They may become more active on warm days, but do
not usually feed at all during the winter. In cold weather, they remain
submerged with their tails in deeper, less cold water and their nostrils just
projecting through the surface. If ice forms on the water, they maintain ice-free
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breathing holes, and there have been occasions when their snouts have become
frozen into the ice. Temperature sensing probes implanted in wild American
aligators have found that their core body temperatures can descend to around 5
°C (41 °F), but as long as they remain able to breathe, they show no ill effects
when the weather warms up.

Osmoregulation

No living species of crocodilian can be considered truly marine;
although the saltwater crocodile and the American crocodile are able to swim
out to sea, their normal habitats are river mouths, estuaries, mangrove swamps,
and hypersaline lakes, though several extinct species have had marine habitats,
including the recently extinct Ikanogavialis papuensis, which occurred in a
fully marine habitat in the Solomon Islands coastlines. All crocodilians need to
maintain the concentration of salt in body fluids at suitable levels.
Osmoregulation is related to the quantity of salts and water exchanged with the
environment. Intake of water and salts takes place across the lining of the
mouth, when water is drunk, incidentally while feeding, and when present in
foods. Water is lost from the body during breathing, and both salts and water
are lost in the urine and faeces, through the skin, and via salt-excreting glands
on the tongue, though these are only present in crocodiles and gharials. The
skin is a largely effective barrier to both water and ions. Gaping causes water
loss by evaporation from the lining of the mouth, and on land, water is aso lost
through the skin. Large animals are better able to maintain homeostasis at
times of osmotic stress than smaller ones. Newly hatched crocodilians are
much less tolerant of exposure to salt water than are older juveniles,
presumably because they have a higher surface-area-to-volume ratio.

Communication

Crocodilians can communicate with various sounds, including bellows,
roars, growls, grunts, barks, coughs, hisses, toots, moos, whines, and chirps.
Young start communicating with each other before they are hatched. It has
been shown that a light tapping noise near the nest will be repeated by the
young, one after another. Such early communication may help them to hatch
simultaneously. Once it has broken out of the egg, a juvenile produces yelps
and grunts either spontaneously or as a result of external stimuli and even
unrelated adults respond quickly to juvenile distress calls.Vocalisations are
frequent as the juveniles disperse, and again as they congregate in the morning.
Nearby adults, presumably the parents, also give signals warning of predators
or aerting the youngsters to the presence of food. The range and quantity of
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vocalisations vary between species. Alligators are the noisiest, while some
crocodile species are amost completely silent. Adult female New Guinea
crocodiles and Siamese crocodiles roar when approached by another adult,
while Nile crocodiles grunt or bellow in a similar situation. The American
alligator is exceptionaly noisy; it emits a series of about seven throaty bellows,
each a couple of seconds long, at ten second intervals. It also makes various
grunts and hisses. Males create vibrations in the water to send out infrasonic
signals that serve to attract females and intimidate rivals. The enlarged boss of
the male gharial may serve as a sound resonator. Another form of acoustic
communication is the head dap. This typically starts with an animal in the
water elevating its snout and remaining stationary. After some time, the jaws
are opened sharply then clamped shut with a biting motion that makes a loud
slapping sound, and this is immediately followed by aloud splash, after which
the head may be submerged and copious bubbles produced. Some species then
roar, while others slap the water with their tails. Episodes of head slapping
spread through the group. The purpose varies, but it seems to be associated
with maintaining social relationships, and is also used in courtship. Dominant
individuals may also display their body size while swimming at the water
surface, and a subordinate will submit by holding its head at an acute angle
with the jaws open before retreating underwater.

Growth and Mortality

Mortality is high for eggs and hatchlings, and nests face threats from
floods, overheating, and predators. Flooding is a mgjor cause of failure of
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crocodilians to breed successfully: nests are submerged, developing embryos
are deprived of oxygen, and juveniles get washed away. Numerous predators,
both mammalian and reptilian, may raid nests and eat crocodilian eggs. Despite
the maternal care they receive, hatchlings commonly fall to predation. While
the female is transporting some to the nursery area, others are picked off by
predators that lurk near the nest. In addition to terrestrial predators, the
hatchlings are also subject to aquatic attacks by fish. Birds take their toll, and
in any clutch there may be malformed individuals that are unlikely to survive.
In northern Australia, the survival rate for saltwater crocodile hatchlingsis only
twenty-five percent, but with each succeeding year of life this improves,
reaching sixty percent by year five.

Mortality rates are fairly low among subadults and adults, though they
are occasionally preyed on by large cats and snakes. The jaguar and the giant
otter may prey on caimans in South America. In other parts of the world,
elephants and hippopotamuses may kill crocodiles defensively. Authorities
differ as to whether much cannibalism takes place among crocodilians. Adults
do not normally eat their own offspring, but there is some evidence of
subadults feeding on juveniles and of adults attacking subadults. Rival male
Nile crocodiles sometimes kill each other during the breeding season.

Growth in hatchlings and young crocodilians depends on the food
supply, and sexual maturity is linked with length rather than age. Female
saltwater crocodiles reach maturity at 2.2-2.5 m (7-8 ft), while males mature at
3 m (10 ft). Australian freshwater crocodiles take ten years to reach maturity at
1.4 m (4 ft 7 in). The spectacled caiman matures earlier, reaching its mature
length of 1.2 m (4 ft) in four to seven years. Crocodilians continue to grow
throughout their lives. Maes in particular continue to gain in weight as they get
older, but this is mostly in the form of extra girth rather than length.
Crocodilians can live 35-75 years, and their age can be determined by growth
ringsin their bones.

Points Crocodiles Alligators Gharials
1. Shape of the head Elongated. Blunt and broad. Elongated and narrow.
2, Teeth Almost similar in size. Slightly different. Strictly similar.
3. Mandibular sym- Extend up to B8th Extendupto 8thtooth. Extend up to 15th
physis tooth, tooth,
4. External nostril Bounded mainly by Bounded by premaxil- Bounded only by the
premaxillae. lae and partly by premaxillae.

nasals.
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Order Crocodiliainclude 3 families, namely:
Q) Crocodylidae (crocodiles)
(20  Alligatoridae (alligators and Caimans)
(3)  Gavididae (ghariais)

Family 1. Crocodylidae

The crocodiles include three genera: Crocodylus, Osteolaemus and
Osteoblepharon. The genus Crocodylus is found in Africa to South China,
Australia, New Guinea, Western Pacific and Southern United States to
Venezuela. This genus is characterised by having nasal bones dividing the
nasal aperture into two.The genus, Osteolaemus, is found in Western Africa
and is characterised by having undivided nasal aperture and the snout turned up
in front. The genus, Osteoblepharon, is found in Congo having close
similarities with Osteolaemus but the snout is not turned up.

Family 2. Alligatoridae

The aligators are placed in two genera: Alligator and Caiman. The
genus Alligator is widespread in southern parts of the United States and
Southern China. The nasal bones divide the nasal aperture in this -genus. The
other genus, Caiman, is found in tropical South America. The nasal aperture is
undivided in this genus. The biggest alligator — Alligator mississippiensis is
about 6 metres or 20 feet in length, but harmless.
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Fig. 8.61 : Different Crocodilians (head ragion), A, Crocodile (lateral view), A,. Crocodile (dorsal view); B, Alligator
(lateral view), B, Alligator (dorsal view); C. Gavialis (lateral view), C,. Gavialis (dorsal view).
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Family 3. Gavialidae

The ghariais are included under two genera: Gavialis and Tomistoma.
The genus Gavidis is found in northern part of India and is characterised by
having 27-29 teeth on each side of the upper jaw. The genus Tomistoma is
abundant in Borneo and Sumatra, and differs from Gavialis by having 20-21
teeth on each side of the upper jaw.The Indian gharial, Gavialis gangeticus has
been recorded to exceed about 6 m in length. There is no accurate record as to
the longevity of different forms. An American alligator has been recorded to

Affinities

With Sphenodon Similarities:
(1) The quadrate isimmovable.
(2) Caudal ribs are fused with vertebra
(3) Urinary bladder is present.

(4) A process from parietal reaches the sqguamosal.
(5) Pecten is absent.
Dissimilarities:
(1) In Sphenodon the vomer is paired but in Cheloniait is unpaired.
(2) In Sphenodon sternum is present but it is absent in Chelonia
(3) Ana opening istrans-verse in Sphenodon but longitudinal in Chelonia.
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(4) The penisis absent in Sphenodon but present in Chelonia.

(5) The oviduct in Sphenodon opens dorsally but in Chelonia the opening is
ventral.

Remarks:

Some degree of similarities is apparent between Sphenodon on one
hand and Crocodilia and Chelonia on the other. But the dissimilarities are more
pronounced. Considering these it will not be justified to place the Sphenodon
in the same taxonomic rank as that of the orders of Crocodiliaand Chelonia.

With Chelonia: Similarities:
(1) The quadrate isimmovable.
(2) Pro-atlasis present.
(3) The skull isof diapsid type. (4) Cochlear processistubular.
(5) Ribs bear uncinate process.
(6) Caudal ribs are fused with vertebrae.
(7) Abdomina ribs are present.
(8) Chevron bones are present.
Dissimilarities:
(1) Theteeth are acrodont in Sphenodon but thecodont in crocodile.
(2) The nasal-opening is double in Sphenodon but single in crocodile.
(3) The vertebrae are amphicoelus in Sphenodon but procoelusin crocodile.
(4) Clavicleis present in Sphenodon but absent in crocodile.
(5) Pecten is absent in Sphenodon but present in crocodile.
(6) Penisis absent in Sphenodon but present in crocodile.
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I ntroduction

Environmental degradation caused by anthropogenic activities, such
as overexploitation of natural resources and pollution, is a major global issue.
The continuous growth of the human population has led to an increase in waste
generation, which significantly contributes in the environmental degradation.
Waste Paraphrased as any material that no longer required by the owner,
producer, or processor and has lost its utility. Based on the source, waste differ
from one another.

There ae several types of waste, including municipal solid
waste, agricultural waste, biomedical waste, and industrial waste. Municipal
solid waste had generated from household and commercial activities consists of
food waste, paper, plastic, metal, glass, and other materials. Source of
agricultural waste includes livestock waste, agricultural crop residues, and
agro-industrial by-products and tourism waste. Industrial waste has generated
during manufacturing or industrial activitiesin factories, mills, and mines.

Agricultural waste can be recycled back into the soil as organic matter
and nutrients through techniques such as composting, anaerobic digestion,
and biogas production. However, industrial waste may be hazardous or non-
hazardous. The proper management of industrial waste involves prevention
of environmental pollution, waste reduction, and recycling measures, such as
closed-1oop production systems and eco-design.

Waste generation is increasing at an alarming rate and has become a
global issue. The total quantity of waste generated annually in the world has
predicted to reach 2.2 billion tons by 2025. In 2016 aone, 242 million tons of
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plastic waste was generated globally Rate of waste generation in small towns
of Indiais 0.41 kg/capita/day, and in rural areas, 0.3 to 0.4 million metric tons
of solid waste is generated on daily basis .Mostly of the waste is organic in
nature, consisting of cattle dung and crop residues. The increase in waste
generation attributed to various factors, such as industrialization, urbanization,
population explosion, and unsustainable economic development. Moreover,
higher increase had predicted in lower-income countries
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It has been reported that over 75% of waste is managed through the
landfilling method globaly .However, landfills generate leachate, which
contaminates the surface and groundwater .Solid waste decay contributes to
about 5% of greenhouse gas emissionsincluding methane, which in turn
exacerbating the climate change .

However, every component of solid waste used if it is converted into a
functional product through a suitable scientific method. Therefore, this review
highlights the need for efficient waste management techniques that utilize
scientific approaches to reduce the impact of waste on the environment .Hence,
waste management has become critical aspect of environmental protection and
sustainable development that needs to be addressed through scientific methods,
awareness, and proper management techniques. Failure to do so will lead to a
further increase in waste generation and environmental threats. It involves the
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adoption of scientific and effective strategies to reduce waste generation,
promote waste reduction and recycling, and prevents contamination of
environmental.

The maintenance of a healthy ecosystem in nature depends on the
management of solid waste. There are several issues with the environment
related to the large production and buildup of organic waste. It damages the
fertility of the land, pollutes the water and the soil, and has a negative impact
on human health. Preprocessing the organic waste before releasing it into the
natural environmentavoids al the environmental hazards. The process of
organic biodegradation is required to produce high-quality goods and the safe
disposal of organic waste. Specific type of species in earthworms were used in
a technigue known as "Verm technology,” it is possible to process the
breakdown of organic waste by saprophytic organisms (eating dead and
decaying stuff). Vermicomposting and vermiculture are two subcategories of
verm technology.

Vermiculture

Vermiculture is a technique based on utilizing some species of
earthworms to convert organic waste into Vermicompost that is again, the
product of decomposition by various worms. A practice of harvesting worms
that take part in decomposing organic waste and turning it into nutrient-rich
fertilizer. The worms consume the decomposing organic material and flush it
out of their system, often referred to as worm manure.

Earthworms commonly used in Vermiculture are, Eisenia Andrei,
Eiseniafetida, and Lumbricusrubellus horticultural in temperate climates and
Pheretima perionyx, Hawanya excavatus and Eudrilus eugeniae and in the
tropical areas.In short, Vermiculture and Vermicomposting are the cultivation
of earthworms and the use of earthworms to decompose organic wastes into
nutrient-rich fertilizers.

Vermiculture meaning

In General, terms, V ermiculture means the cultivation of earthwormsin
order to use them to convert organic waste to nutrient and beneficia
microorganism rice fertilizer. It alows us to grow organically rich compost
year-round. A biology teacher, Mary Appel hif, first introduced Vermiculturein
the 1970s. She developed the idea of using red wiggler worms (Eiseniafetida)
for composting in indoor and outdoor systems to convert kitchen waste to
worm compost.
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Vermiculturetechniques

There are three major techniques in Vermiculture for harvesting worms.
These are

1. Manud
2. Migration
3. Mechanica
Manual method of harvesting

Framers for small-scale businesses of selling worms generaly use this
method. The worms had harvested from the soil directly by using hands. The
organic material, which contains earthworms, has kept on a flat surface and
exposed to sunlight. It mightnote that earthworms are sensitive to light, so once
they had exposed to sunlight they dive below the surface. The harvester will
then remove the organic layer above and once the worms had seen they had
harvested.

Migration method of harvesting

This method takes advantage of the earthworm’s tendency to migrate to
a new location for food and for this reason; onion bags and screens had used
for harvesting. At the bottom surface of the screen, a box had constructed
where the worms would be collected. The migration method has carried out in
two ways.

The downward migration method is where the worms had forced to
move downwards in the organic material with the use of light. They will go
through the screen mesh and be collected in the container box below which has
filled with peat moss. The process has repeated until the required quantity of
worms had achieved. It hastimesaving process and could seen in multiple
locations.

In the upward migration method, a worm bed would replace the mesh
bottom of the box. The box has filled with peat moss and food, which attracts
the worms. Generally, coffee grounds and manure from fresh cattle had used as
food for worms and they will move towards it and be collected in the box.

Mechanical method of harvesting

In this method, a mechanical harvester has used to collect worms. A
trammel screen, which has called a rotary screen that, has used to separate
materials. It is around 11ft long and 4ft in diameter and has a cylindrical shape.
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The walls of the cylinder are made of screening materials with different sized
meshes. The cylinder has powered by an electric motor. The device would be
set at an angle at the top side of the trammel. After that, the castings and the
worm beds have added. When the rotation starts the castings of the worms will
drop through the screen and the worms will move across the trammel device
and enter into the wheelbarrow.

Vermiculture process

The method used by farmers to multiply earthworms is by mixing high
amounts of organic wastes, including the plant materials, cattle dung in a
proportion of 1:1. Once the substrate medium has been made, around 40-50
earthworm species are released into the medium and it is protected from
various environmental factors.

Regular maintenance is important for the growth of earthworms. The
temperature should be between 15 to 25-degree centigrade and the moisture
level should be at 80-90%. Within one to two months, the earthworms can
multiply up to 300 times relying on this process and factors affecting the
process. After the process, earthworms have harvested.

Vermicompost

Vermicompost is an organic fertilizer rich in nutrients that has created
through the vermicomposting process, which involves earthworms breaking
down organic materials. Vermicompost plays crucial role in maintaining long-
term soil fertility and sustainability also it is an essential component of organic
farming. It is the result of earthworms and the microorganisms in their
digestive system breaking down organic waste. Vermicompost demonstrates a
number of distinctive qualities that make it advantageous for agricultural
applications. It has a pleasant earthy smell and a dark, crumbly texture.
Depending on the feedstock used and the circumstances surrounding the
vermicomposting process, the composition of vermicompost can change.
However, compared to conventional compost, it typically contains higher
levels of vital plant nutrients like nitrogen (N), phosphorus (P), potassium (K),
calcium (Ca), and magnesium (Mg). In addition, vermicompost is arich source
of enzymes, humic substances, beneficial microorganisms, and plant growth-
promoting compounds, all of which contribute to its overal fertility-improving
abilities.

Vermicompost works well as a soil amendment because of its physical
and chemical characteristics. Due to its high waterholding capacity, the soil is
better able to retain moisture and experience less water runoff. In order to
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allow for better root penetration and nutrient uptake by plants, vermicompost
also improves soil structure by increasing porosity and improving aggregation.
Additionally, the presence of advantageous microorganisms in vermicompost
fosters soil biology, improving nutrient cycling and suppressing plant diseases.
Vermicomposting is a method for turning organic waste into nutrient-rich
vermicompost by utilizing the synergistic activity of earthworms and
microorganisms. There are several crucia steps in the process. At the outset,
suitable earthworm species had chosen. Examples include Eisenia fetida and
Lumbricus rubellus. To create an ideal habitat for the earthworms, a bedding
material—such as shredded newspaper or cardboard—is prepared .The
vermicomposting system had then supplemented with organic waste materials,
such as kitchen scraps, yard waste, and livestock manure, to provide the
earthworms with food. The process depends heavily on maintaining the right
moisture levels (roughly 70-90% moisture content) and making sure there is
enough aeration. The decomposition process had maintained through periodic
feeding and system monitoring. Vermicompost has harvested by separating it
from the remaining organic waste and earthworms using techniques like hand
sorting or screen sieving after several weeks to months.

Earthworms

The segmented, elongated, thin, cylindrical, metamerically symmetrical
invertebrate organism. The body has athin cuticle layer, islustrous, and is dark
brown in color. They weigh between 700 and 1400 milligrams after ten weeks.
Thelr strong gizzard grinds food down to a size of 2-4 microns. The intestines
of the earthworm are home to millions of rotting bacteria. They are
hermaphrodite in nature, thus, they commonly cross-fertilize. Before parting,
the worms may copulate for aimost an hour. A cocoon gjected by each worm's
clitellum, into which sperms crawl to fertilize the eggs. Up to three cocoons per
worm had produced each week. In each cocoon, 10 to 12 tiny worms
haveproduced. Earthworms grow throughout their lifetimes, with new
segments continually multiplying in a region called the "growth zone" directly
in front of the anus. Up to 70 to 80% of the dry weight of earthworms made up
of proteinrichinlysin.

They have used as animal feed. A typical earthworm lives between
three and seven years, depending on the species and the environment.
Earthworms are commonly classified as saprophagous, athough they can also
be separated into geophages and detrivores based on how they consume. At or
near the soil surface, detrivores eat dead roots, plant litter, other plant debris, or
animal excrement. Worms of the epigeic and anecic types had collectively
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referred to as humus formers and also known as detrivorous. Endogeic
earthworms known as geophagousworms consume a significant portion of the
biologically rich soil below the soil's surface while feeding. Examples of
detritivorous and geophagous.

Earthworm growth stages

Vermiculture produces vermicompost using three main types of
earthworms. Litter, topsoil, and subsoil are all common places to find these
earthworms. Most of the criteria used to classify the groups are their behavior
and habitat. Anecic, epigeic, and endogeic are the three types. Epigeic is a
Greek word that means "from the soil." This species, which inhabits places
with a lot of organic materials, feeds on decaying plant roots, leaf litter, and
animal excrement. These earthworms do not dig long-term burrows. Due to
their black skin, epigeic species worms are highly pigmented.

The vermicomposting process primarily uses these kinds of
earthworms. For instance, Perionyx excavates and Eisenia fetida excavates.
Greek for "inside the ground,” endogeic. This species subsisted underground
and consumed decayed organic materials and dirt. To travel around, they dig
horizontal burrows in the ground. For instance, Octochaetonathurstoni and
Metaphireposthuma. Anecic: A Greek name meaning "from the earth." This
species digs long-lasting vertical burrows in the ground and emerges at night to
feed. They have darker heads and are paler toward the end of their tails.
Consider Lumbricusterrestris.

Ecology of the earthwor ms

As burrowing creatures, earthworms physically eat their path through
the soil to create tunnels. Earthworm dispersal in the soil had influenced by
things like soil moisture and the availability of organic matter. The amount of
available organic matter and the soil's pH (6.5-7.5) all affect the dispersion of
earthworms in the soil. They have found in a variety of environments,
especially those that are moist and dark. Some species find a great attraction in
organic materials like humus, cow dung, and kitchen scraps. The touch, light,
and dryness are all particularly sensitive to earthworms. They may rise to the
surface of the soil and become waterlogged conditions. Temperature plays a
key role in earthworms’ sustainability and their metabolism, rate of
reproduction, and growth of earthworms. The temperature below 10 °C leads to
stress on earthworms and affects their growth. The temperature is more than 35
°C, which leads to the death of earthworms. The optimum temperature range of
earthworms is 15 °C to below 35 °C. The earthworms have high growth and
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reproductive at 25 °C. The earthworms take a breath through the skin with the
help of moisture in the soil, which contains 75 to 90% water. Less than 50% of
water can reduce the respiration rate of earthworms because need to maintain
the moisture. The optimum moisture for earthworms is 70% to 80%.

Earthwor ms as waste manager s

Earthworms made a large contribution to the total weight or biomass of
invertebrates in soil. Aristotle first drew attention to their role in turning over
the soil and called them intestines of the earth. By utilizing various
vermiculturetechniques, we can not only manage our wastes but also have a
check on the environmental pollution. The basic aim of composting is to bring
about decomposition of organic wastes without undue loss of nutrients and the
production of product rich in plant nutrients. Vermicompost substitution with
fertilizers input will reduce the economic input in agriculture. The main source
of food for earthworms is the organic waste such as agro-horticultural crop
waste, weeds, forest leaf litter; agroindustrial wastes etc. and defecates the
faucal pellets known as vermicompost. This is rich in plant nutrients such as
macro and secondary elements, beneficial micro flora and plant growth
regulators. Survival and development of earthworms is highly influenced by
environmental factors like temperature, bed moisture, rainfal, relative
humidity, which determines the population in field. Constant high temperature
is detrimental for the development of worms even though all other conditions
arefavorable.

Production of worm biomass and vermicompost in open field
vermicomposting sites had influenced by seasona variation. Vermiculture
technology have employed for composting of various non-toxic organic wastes.
Earthworms serve as versatile natural bioreactors to harness the beneficia soil
micro flora and destroy pathogen, thus converting organic waste into valuable
products such as bio fertilizers, bio pesticides, vitamins, enzymes, antibiotics,
growth hormones and proteinaceous worm biomass. Hundreds of tons of
biodegradabl e organic waste have generated in cities and towns in the country,
creating disposal problems. This waste have converted into valuable compost
by applying vermi-composting technology. This approach reduces pollution
and provides a valuable substitute for chemical fertilizers. Earthworms have
used for centuries as a means of decomposing wastes and improving soil
structure. Increasing numbers of businesses worldwide are successfully
employing vermiculture technology and marketing vermicompost as an
excellent soil conditioner, to farmers and gardeners. The breeding and
propagation of earthworms and the use of its castings has become an important
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method of waste recycling throughout the world and now it has also gaining
importance in various regions of the country.

Vermiculture technology is more efficient, economicaly viable,
environmentally positive, practically feasible recycling process and involves
the use of earthworms as versatile natural bioreactors for effective recycling of
non-toxic organic solid and liquid wastes in the soil. It had used for the
management of weeds and wastes from agriculture, industries, kitchen etc.
Research on vermicomposting of a variety of wastes is gaining momentum
throughout the world .Waste degradation & composting by earthworms is
proving to be economicaly & environmentally preferred technology over the
conventional composting technologies as it is rapid and nearly odorless
process, reducing composting time by more than half and the end product is
both “disinfected’, ‘detoxified” and ‘highly nutritive’. Scientist found that most
earthworms consume, at the best, half their body weight of organics in the
waste in a day. Eiseniafetida can consume organic matter at the rate equal to
their body weight every day. Earthworm participation enhances natural
biodegradation and decomposition of organic waste from 60 to 80 %. In
addition, as the worms double their population every 60-70 days, the process
becomes faster with time. Given the optimum conditions of temperature (20-30
°C) and moisture (60-70 %), about 5 kg of worms (numbering approx.10, 000)
can vermiprocess 1 ton of waste into vermicompost in just 30 days.

Phase of ver micomposting
Phase 1:

Processing involving collection of wastes, shredding, mechanical
separation of the metal, glass and ceramics and storage of organic wastes.

Phase 2:

Pre digestion of organic waste for twenty days by heaping the materia
along with cattle dung slurry. This process partially digests the material and fit
for earthworm consumption. Cattle dung and biogas slurry mighthad used after
drying. Wet dung had not used for vermicompost production.

Phase 3:

Preparation of earthworm bed. A concrete base is required to put the
waste for vermicompost preparation. Loose soil will alow the worms to go
into soil and while watering; all the dissolvable nutrients go into the soil along
with water.
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Phase 4:

Collection of earthworm after vermicompost collection. Sieving the
composted material to separate fully composted material. The partialy
composted material will be again put into vermicompost bed.

Phase 5:

Storing the vermicompost in proper place to maintain moisture and
allow the beneficial microorganismsto grow.

Thefive essential compost worms need:
1. A hospitable living environment, usually called “bedding”
2. A food source
3. Adequate moisture (greater than 50% water content by weight)
4. Adeguate aeration
5. Protection from temperature extremes
Procedure

1. To prepare compost, either a plastic or a concrete tank had used. The
size of the tank depends upon the availability of raw materials.

2. Collect the biomass and place it under the sun for about 8-12 days.
Now chop it to the required size using the cutter.

3. Prepare cow dung slurry and sprinkle it on the heap for quick
decomposition.

4. Add alayer (2 — 3 inch) of soil or sand at the bottom of the tank.

5. Now prepare fine bedding by adding partially decomposed cow
dung, dried leaves and other biodegradable wastes collected from fields and
kitchen. Distribute them evenly on the sand layer.

6. Continue adding both the chopped bio-waste and partialy
decomposed cow dung layer-wise into the tank up to a depth of 0.5-1.0 ft.

7. After adding al the bio-wastes, release the earthworm species over
the mixture and cover the compost mixture with dry straw or gunny bags.

8. Sprinkle water on aregular basis to maintain the moisture content of
the compost.
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9. Cover the tank with a thatch roof to prevent the entry of ants, lizards,
mouse, snakes, etc. and protect the compost from rainwater and direct
sunshine.

10. Have a frequent check to avoid the compost from overheating.
Maintain proper moisture and temperature.

Precautions during the process

The ideal species for the preparation of vermicompost are African
species of earthworms, Eiseniafetida and Eudrilus eugane. Indian species are
not suitable for the preparation of vermicompost. While preparing
vermicompost, only plantbased materials such as grass, leaves or vegetable
peelings had used. Animal origin substances such as chicken droppings,
eggshells, meat, bone etc. are not appropriate for preparing vermicompost. For
rearing the earthworms Gliricidialoppings and tobacco leaves are not
preferable. The earthworms should be secured from rats, birds, and termites.
During the process, suitable moisture had preserved. Either absence of
moisture or dirty water could kill the earthworms. When the process is
complete, the vermicompost should be takeout from the bed in a meantime and
restore by fresh waste materials.

Significance of vermiculture

Vermiculture is the culture of earthworms. It is a beneficial way of
improving the fertility of the plant and soil. Vermiculture mainly focuses on
the breeding of worms toincrease their population. Vermicompost is then
prepared to promote the growth and development of crops. It also causes
disease in plants along with increasing water retention and the porosity of the
soil. This greatly reduces the need for chemical fertilizers and encourages
organic matter.

Advantages of ver micompost
1. Vermicompost isrichin al essential plant nutrients.

2. Provides excellent effect on overall plant growth, encourages the
growth of new

3. Shoots / leaves and improves the quality and shelf life of the
produce.

4. Vermicompost is free flowing, easy to apply, handle and store and
does not have bad odour.
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5. It improves soil structure, texture, aeration, and waterholding
capacity and prevent soil erosion.

6. Vermicompost is rich in beneficia micro flora such as a fixers,
Psolubilizers,cellulose decomposing micro-flora etc in addition to improve soil
environment.

7. Vermicompost contains earthworm cocoons and increases the
population and activity of earthworm in the soil.

8. It neutralizes the soil protection.

9. It prevents nutrient losses and increases the use efficiency of
chemical fertilizers.

10. Vermicompost is free from pathogens, toxic elements, weed seeds
etc.

11. Vermicompost minimizes the incidence of pest and diseases.
12. 1t enhances the decomposition of organic matter in soil.

13. It contains valuable vitamins, enzymes and hormones like auxins,
gibberellins etc.

Pests and diseases of ver micompost

Compost worms are not subject to diseases caused by microorganisms,
but they are subject to predation by certain animals and insects (red mites are
the worst) and to a disease known as “sour crop” caused by environmental
conditions.

Disadvantages of ver micomposting
Following are the important disadvantages of vermicomposting:

1. It is a time-consuming process and takes as long as six months to
convert the organic matter into usable forms.

2. It releases avery foul odour.

3. Vermicomposting is high maintenance. The feed has added
periodically and care had taken that the worms are not flooded with too much
to eat.

4. The bin should not be too dry or too wet. The moisture levels
monitored periodically.
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5. They nurture the growth of pests and pathogens such as fruit flies,
centipede and flies.

Conclusion

The vermicomposting technology has an advantage over composting.
This is generally due to ‘humus’ content in vermicompost ejected by earth-
worms and in conventional composting system it takes a very long time to
form humus, because of slow rotting process of organic matter. On my
personal opinion, vermicomposting on organic waste will be very useful in
resolving the waste discarding problem. The recycling plant nutrients process
reduces the use of inorganic fertilizers. In case of the earthworm, African
species are better than the Indian species. The vermicomposting is a
productive, easy, environment-friendly, and viable method. It can be easily
expand a variety of useful products from the grape marc, for industrial
applications yielding. It is important to parallel this production with suitable
utilization and industrial application of coffee by-products. From the
environmental point of view, value has fixed by valorizing these by-products.

In sustainable development in agriculture biotechnology, vermiwash
discovered possible application with respect to its origin, cost-effectiveness,
easy accessibility, timesaving, reproducibility, dependability, and
ecofriendliness. The quality of soils enhances with the application of
vermicompost in the field by increasing microbial activity and microbial
biomass that are key components in nutrient cycling, production of plant
growth regulators, and protecting plants from soil-borne diseases and insect-
pest attacks. “Cent Vermicompost Scheme” is the scheme for the farmers run
by the government. The purpose of the scheme isto help the farmers for setting
up and run their vermicompost units and helps in investment and working
capital requirements of farmer.
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Abstract

In the relentless pursuit of understanding the intricacies of life, recent
advancements in biologica instrumentation have ushered in a new era of
exploration and discovery. This chapter, titled "Advances in Instrumentation
for Biologica Sciences: Unveiling the Secrets of Life" provides a
comprehensive overview of groundbreaking tools and methodol ogies that have
revolutionized various facets of biological research. Spanning imaging
technologies, omics methodologies, single-cell analysis, structural biology,
biosensors, mass spectrometry, high-throughput screening, and computational
biology, this abstract encapsulates the transformative impact of cutting-edge
instrumentation on unravelling the mysteries of life.

The chapter commences with an exploration of imaging technologies,
where traditional limitations in resolution and observation have been shattered.
Techniques such as super-resolution microscopy and cryo-electron microscopy
have provided unprecedented insights into cellular dynamics and structures,
enabling researchers to observe intricate molecular eventsin rea -time,

Omics technologies take center stage as the blueprint of life is
deciphered with remarkable precision. Next-generation sequencing platforms,
epitomized by Illumina and Oxford Nanopore technologies, have democratized
genomics, while the CRISPR-Cas9 system has empowered precise genetic
editing. In the realm of proteomics, mass spectrometry has become a linchpin
for unravelling complex signalling networks and protein interactions.

Single-cell analysis emerges as a paradigm shift, reveding the
remarkable heterogeneity within seemingly homogeneous cell populations.
Advances in single-cell RNA sequencing, coupled with proteomics and
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metabolomics, offer a granular understanding of cellular diversity, unlocking
insights into development, disease, and beyond.

Structural biology takes a leap forward with refined techniques such as
cryo-electron microscopy, providing high-resolution images of biological
macromolecules in their native states. This has implications for drug design
and targeted therapeutic interventions.

Biosensors and imaging probes illuminate cellular events with
extraordinary sensitivity. These technologies, rooted in fluorescence and
bioluminescence principles, provide dynamic insights into molecular processes
within living organisms, promising non-invasive diagnostics and therapeutic
monitoring.

Mass spectrometry stands as a cornerstone for anayzing the molecular
landscape, facilitating comprehensive proteomic and metabolomic analyses.
High-throughput screening, driven by automation and artificial intelligence,
accelerates drug discovery, while computational biology extracts meaningful
insights from vast biological datasets.

As the chapter concludes, a glimpse into the future hints at the
convergence of multiple imaging modalities, the extension of single-cell
analysis to multi-omics profiling, and continuous evolution in biosensors and
imaging probes. The interplay of artificial intelligence, long-read sequencing
technologies, and refined CRISPR-based techniques promises to propel
biological research into uncharted territories, unveiling the secrets of life with
unprecedented precision.

In summary, this abstract encapsulates the transformative journey
through recent instrumentation advancements, emphasizing the pivota role
these technologies play in advancing our understanding of the complex and
intricate mechanisms that underlie life processes.

Introduction: Unvelling the Mysteriesof Life

The relentless march of technological progress has become the catalyst
for a profound metamorphosis within the field of biological sciences. In this
era of relentless innovation, cutting-edge instrumentation stands as the
vanguard, propelling our understanding of life to unprecedented heights. This
introductory chapter embarks on a compelling journey through the latest
frontiers of biological instrumentation, acting as a guide to the revolutionary
tools that have emerged as beacons, illuminating the intricate complexities of
life processes.
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The chapter navigate landscape of scientific transformation, the fusion
of biology with technology has birthed a new paradigm where our ability to
observe, analyze, and comprehend the living world has reached unparalleled
levels. The evolution of instruments has become synonymous with the
evolution of our understanding of life itself. From the intricate dance of
molecules to the orchestration of cellular events, each instrument serves as a
key to unlocking the secrets that have eluded us for centuries.

In this pursuit of knowledge, imaging technologies have emerged as
pioneers, defying traditional limits and providing us with unprecedented access
to the microscopic wonders that orchestrate life. Super-resolution microscopy
and cryo-electron microscopy, among others, have become our lenses into the
intricate choreography of cellular structures and molecular interactions. The
chapter find ourselves standing at the edge of a realm where the invisible
becomes visible, and the once blurry boundaries of observation dissipate into
clarity.

Omics technologies, the architects of the genomic revolution, have
empowered us to decode the very blueprint of life. Next-generation sequencing
platforms, epitomized by Illumina and Oxford Nanopore technologies, have
democratized genomics, allowing us to unravel the intricate tapestry of genetic
information. The CRISPR-Cas9 system, a revolutionary molecular scalpel, has
provided us with the ability to edit the very code of life with unprecedented
precision. Proteomics, metabolomics, and lipidomics complete this symphony,
offering harmonious melodies of data that contribute to our holistic
understanding of biological systems.

The microscope, once a symbol of scientific inquiry, has evolved into
an array of instruments that peer not only into the spatial dimensions of life but
also into the temporal dynamics that govern it. Single-cell analysis, a discipline
at the intersection of innovation and necessity, allows us to unravel the
microcosmic intricacies that lie within seemingly homogeneous cell
populations. From the symphony of gene expression revealed by single-cell
RNA sequencing to the proteomic and metabolomic solos played by individual
cells, we find ourselves in a position to appreciate the nuanced melodies that
shape life's orchestra.

Structural biology, with its emphasis on unveiling the molecular
architecture, takes us deeper into the heart of life. X-ray crystalography, NMR
spectroscopy, and the revolutionary cryo-electron microscopy become our
tools for dissecting the three-dimensional intricacies of biological
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macromolecules. The resulting structural revelations not only elucidate
fundamental biological processes but also lay the foundation for targeted
therapeutic interventions and drug design.

Biosensors and imaging probes, akin to artists wielding brushes, paint
vivid portraits of molecular events within living organisms. Rooted in
principles of fluorescence and bioluminescence, these technologies offer a
dynamic canvas upon which the narratives of cellular dynamics unfold. The
real-time detection of specific molecules, coupled with the visualization of
cellular processes, transforms these instruments into storytellers, narrating the
tales of life at amolecular level.

Mass spectrometry, an analytical juggernaut, enables us to anayze the
molecular symphony within biological systems. From the intricate world of
proteomics to the nuanced exploration of metabolomics, mass spectrometry
becomes our guide through the rich tapestry of biologica molecules. High-
throughput screening, fuelled by automation and artificial intelligence,
accelerates the pace of drug discovery, offering us glimpses into potential
therapeutic interventions that might shape the future of medicine.

The chapter navigatelabyrinth of discovery, computational biology
emerges as our compass, guiding us through the vast seas of data generated by
advanced instrumentation. Bioinformatics becomes the bridge between raw
data and meaningful insights, unraveling patterns, identifying biomarkers, and
shaping predictive model s that deepen our understanding of life processes.

In this era where instruments have become the conduits to unraveling
life's intricacies, we stand on the cusp of a new frontier. The journey through
the latest frontiers of biological instrumentation is not just a technological
pilgrimage; it is an odyssey of understanding, a relentless pursuit of the
answers to questions that have echoed through the corridors of scientific
inquiry for generations. This introductory chapter serves as an invitation to join
this quest, where each instrument is a beacon illuminating the path toward the
secrets that have remained tantalizingly out of reach. This book chapter embark
on journey through the latest frontiers of biological instrumentation, also
highlighted bound not only by the tools in our hands but also by the insatiable
curiosity that drives us to unveil the mysteries of life.

Imaging Technologies: Peering Into the Microscopic Realm

In the grand tapestry of biological sciences, imaging technologies serve
as the visionary architects, revealing the intricacies of life at scales once
unimaginable. This exploration into the microscopic realm is a journey that
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transcends the limits of human vision, unlocking the mysteries hidden within
the minuscul e landscapes of cells and molecular structures.

Super-Resolution Microscopy: The Renaissance of Precision

At the forefront of imaging technologies, super-resolution microscopy
has revolutionized our ability to peer into the microscopic ream with
unprecedented clarity. This technique defies the traditional diffraction limits of
light microscopy, providing resolutions beyond the wavelength of light.
Through techniques such as stimulated emission depletion (STED) and
structured illumination microscopy (SIM), scientists can now visualize cellular
structures and molecular interactions at resolutions nearing the nanoscale. The
images produced by super-resolution microscopy are akin to finely detailed
paintings, offering a level of precision that is reshaping our understanding of
cellular dynamics.

Cryo-Electron Microscopy: Flash-Freezing the Essence of Life

The evolution of cryo-electron microscopy marks a paradigm shift in
structural biology, allowing researchers to capture snapshots of biological
specimens in their native states. By flash-freezing samples at extremely low
temperatures, this techniqgue minimizes artifacts and preserves the delicate
structures of biomolecules. The resulting images, akin to intricate sculptures,
offer near-atomic resolution and reveal the molecular architecture of proteins,
viruses, and cellular organelles. Cryo-electron microscopy has become an
invaluable tool, unveiling the beauty and complexity of life's building blocks.

Light-Sheet Microscopy: Illuminating Life's Dynamics

Light-sheet microscopy emerges as a dynamic storyteller, capturing the
real-time dynamics of living organisms with minimal phototoxicity. This
technique employs a thin sheet of laser light to selectively illuminate the
imaging plane, reducing the exposure of surrounding tissues to light. This not
only enhances imaging speed but also minimizes cellular damage. Light-sheet
microscopy has become instrumental in studying developmental processes,
organoids, and even entire organisms, providing insights into the dynamic
choreography of life unfolding at the microscopic level.

Integrated Imaging Modalities: Bridging Dimensions

The future of imaging technologies lies in the integration of multiple
modalities, fusing the strengths of different techniques to create a
comprehensive picture of biological processes. Combining fluorescence
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microscopy with spectroscopy, for example, alows researchers to not only
visualize structures but also understand the chemical composition of cellular
components. The synergy of various imaging modalities provides a holistic
view, akin to a multidimensional artwork that captures the essence of life's
complexity.

As we traverse the landscape of imaging technologies, the microscopic
reaAlm unfolds before our eyes in unprecedented detail. Super-resolution
microscopy, cryo-electron microscopy, light-sheet microscopy, and the
integration of diverse modalities are the brushstrokes that paint a vivid picture
of life at its smallest scales. These images, more than mere representations, are
windows into a world where the dance of molecules and the orchestration of
cellular events become tangible. The journey into the microscopic realm
continues to shape our perceptions, challenge our preconceptions, and beckon
us to explore the beauty concealed within the unseen dimensions of life.

Omics Technologies: Decoding the Blueprint of Life

In the symphony of biological sciences, omics technologies emerge as
the virtuosos, playing an instrumental role in deciphering the complex and
harmonious melody of life's blueprint. These transformative tools, ranging
from genomics to proteomics and metabolomics, are the keys to unraveling the
intricacies of genetic information, protein expression, and metabolic pathways.

Genomics: The Architectural Draft of Life

At the core of omics technologies lies genomics, the study of an
organism's entire DNA sequence. Illumina and Oxford Nanopore technol ogies
have revolutionized DNA sequencing, making it faster, more accurate, and
cost-effective. The resulting genomic blueprints serve as the architectural drafts
of life, detailing the genetic code that determines an organism's traits,
functions, and evolutionary history.

CRISPR-Cas9: Precision Editing of Life's Script

The advent of CRISPR-Cas9 technology has granted scientists the
ability to edit the genomic script of life with unparaleled precision. This
revolutionary molecular tool acts as a molecular scalpel, allowing for targeted
modifications to specific genes. CRISPR-Cas9 has far-reaching implications,
from understanding gene functions to potential therapies for genetic disorders,
reshaping the narrative of genetic manipulation.
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Proteomics: Unraveling the Protein Symphony

Omics extends its reach to proteomics, the comprehensive study of an
organism's entire set of proteins. Mass spectrometry, a cornerstone in
proteomic analysis, enables researchers to identify, quantify, and characterize
proteins with unparalleled precision. These protein symphonies reveal intricate
signaling networks, molecular interactions, and the dynamic orchestration of
cellular processes.

M etabolomics: Harmonizing Life's Chemical Composition

In the realm of metabolomics, scientists delve into the small molecules
that orchestrate life's chemical composition. Nuclear magnetic resonance
(NMR) spectroscopy and mass spectrometry unveil the metabolic signatures
within cells, tissues, and biologica fluids. Metabolomics paints a harmonious
picture of cellular metabolism, offering insights into physiological states,
disease mechanisms, and potential therapeutic targets.

Lipidomics: Composing Life's Lipid Symphony

Lipidomics, the study of lipids, adds another layer to the omics
repertoire. Mass spectrometry, coupled with advanced chromatographic
techniques, alows for the identification and quantification of lipid species.
This lipid symphony plays a crucia role in cellular structure, signaling, and
energy storage, providing a nuanced understanding of the lipid landscape
within biological systems.

The landscape of omics technologies, witness the decoding of life's
grand composition. Genomics, CRISPR-Cas9, proteomics, metabolomics, and
lipidomics collectively form a symphony of data that enriches our
comprehension of the intricacies of living organisms. These images and
insights are not merely snapshots but portals into the molecular realms, where
the orchestra of life unfolds with exquisite precision. Omics technologies stand
as the conductors guiding us through this intricate symphony, allowing us to
explore, interpret, and appreciate the blueprint of lifein its entirety.

Single-Cell Analysis. Unraveling Heter ogeneity at the Cellular L evel

In the intricate tapestry of biology, the exploration of single-cell
analysis marks a revolutionary paradigm shift, allowing scientists to unravel
the hidden nuances within seemingly uniform cell populations. This
transformative discipline transcends traditional bulk analyses, providing
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unprecedented insights into the remarkable heterogeneity that defines cellular
communities.

Single-Cell RNA Sequencing: Decoding the Transcriptomic
Symphony

At the forefront of single-cell analysis is the technique of single-cell
RNA sequencing (scRNA-seq), which serves as a powerful tool to decode the
transcriptomic  symphony of individual cells. Unlike traditional RNA
sequencing, sScRNA-seq captures the gene expression profiles of single cells,
unveiling the dynamic landscape of transcriptomic diversity within a
population. This method has proven instrumental in understanding cellular
differentiation, developmental processes, and disease progression.

Single-Cell Proteomics and Metabolomics. Profiling Cellular
Components

Expanding the scope, single-cell proteomics and metabolomics delve
into the intricate world of proteins and metabolites at the single-cell level.
Mass spectrometry, combined with microfluidic technologies, enables the
comprehensive profiling of cellular components. Unraveling the proteomic and
metabolomic landscapes within individual cells provides a granular
understanding of cellular heterogeneity, shedding light on functional variations
that are obscured in bulk analyses.
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Microfluidic Technologies. Enabling High-Throughput Single-Cell
Analyses

Microfluidic technologies play a pivota role in facilitating high-
throughput single-cell analyses. These microscale devices enable the
manipulation and analysis of individual cells with precision and efficiency. By
compartmentalizing single cells, researchers can study thousands of individual
cells in pardld, unveiling the diversity that exists within complex biological
systems. Microfluidics has become the engine driving the scalability of single-
cell anaysis.
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L ab-on-a-Chip Platforms: Integrating Multiple Analyses

Lab-on-a-chip platforms represent an integrated approach to single-cell
analysis, combining various analytical techniques on a single chip. These
platforms seamlessy integrate processes such as cell capture, lysis, and
analysis, alowing for a comprehensive exploration of cellular characteristics.
Lab-on-a-chip technologies amplify the efficiency and throughput of single-
cell anayses, bringing us closer to a holistic understanding of cellular
heterogeneity.
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Applicationsin Developmental Biology and Disease Resear ch

The applications of single-cell analysis are far-reaching. In
developmental biology, the technique has unveiled the intricacies of cell fate
determination, differentiation trgjectories, and lineage commitment. In disease
research, single-cell analyses have provided a deeper understanding of cellular
heterogeneity within tumors, aiding in the identification of rare cell populations
and potential therapeutic targets. The ability to dissect complex biological
processes at the single-cell level has transformative implications across diverse
fields.

The ream of single-cell analysis, we witness the unravelling of cellular
heterogeneity with unprecedented precison. From the decoding of
transcriptomic symphonies to the profiling of proteomic and metabolomic
landscapes, single-cell analysis stands as a cornerstone in our quest to
understand the intricacies of life at its most fundamental level. These images
and insights are not merely glimpses into cellular diversity but gateways to a
deeper comprehension of the dynamic and heterogeneous nature that underlies
the unity of cellular life. Single-cell analysis, with its ever-expanding toolkit,
invites us to explore the cellular cosmos, where every cell tells a unique story
in the grand narrative of biology.

Structural Biology: Illuminating the Molecular Architecture

In the relentless pursuit of understanding life at its most fundamental
level, structural biology has emerged as a cornerstone discipline, peeling back
the layers of complexity to revea the intricate molecular architecture that
underpins biological processes. Recent advancements in X-ray crystallography,
NMR spectroscopy, and cryo-electron microscopy have propelled our ability to
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visualize the three-dimensional structures of biological macromolecules,
ushering in anew era of insight into the molecular world.

X-ray Crystallography: A Historic Lensinto Atomic Structures

X-ray crystallography, with its rich history, stands as a venerable
technique that continues to provide atomic-level insights into the architecture
of proteins. This method involves the crystallization of biomolecules, followed
by the diffraction of X-rays through the crystal lattice. The resulting diffraction
patterns are then transformed into intricate molecular structures, alowing
scientists to decipher the precise arrangement of atoms within proteins. X-ray
crystallography has been instrumental in shaping our understanding of enzyme
mechanisms, receptor-ligand interactions, and the spatial organization of
biological macromolecules.

I mage Sour ce: Wikipedia: Freezed XRD - X-ray crystallography - Wikipedia
NMR Spectroscopy: Unveiling Molecular Dynamicsin Solution

In contrast, NMR spectroscopy excels in elucidating the dynamic
behavior of biomolecules in solution, providing a complementary perspective
to the static images obtained through crystallography. This technique relies on
the interaction of atomic nuclel with magnetic fields, allowing researchers to
probe the structural and dynamic properties of proteins and nucleic acids in
their native environments. NMR spectroscopy provides invaluable insights into
the flexibility, motions, and interactions that define the functional landscape of
biomolecules.
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Cryo-Electron Microscopy: A Paradigm Shift in Structural Insight

The advent of cryo-electron microscopy (cryo-EM) represents a
paradigm shift in structural biology, offering a revolutionary approach to
imaging biologica macromolecules. By flash-freezing samples in vitreous ice,
cryo-EM preserves biomolecules in their native states, circumventing the need
for crystalization. This technique captures high-resolution images of
individual particles, alowing for the reconstruction of three-dimensiona
structures. Cryo-EM has democratized structural biology, making it applicable
to a broader range of macromolecules, including large complexes and flexible
structures that were once challenging to study.

Synergy of Experimental Data and Computational M odeling

The marriage of experimental data from structural techniques with
computational modeling has become a hallmark of modern structural biology.
Computational methods, such as molecular dynamics simulations and
homology modeling, complement experimental findings, providing a dynamic
understanding of molecular interactions. This synergy has propelled the field
forward, enabling the determination of complex structures and the exploration
of conformational changes that underlie biological function.

Enriching Drug Design and Therapeutic I nterventions

The insights gained from structural biology play a pivota role in drug
discovery and targeted therapeutic interventions. Understanding the three-
dimensional architecture of biologicak macromolecules alows for the
identification of potential drug binding sites, the rational design of
pharmaceutical compounds, and the optimization of therapeutic efficacy. The
precision afforded by structural insights enhances the development of targeted
therapies, opening new avenues for combating diseases at the molecular level.
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Structural biology stands as a beacon, illuminating the molecular
architecture that orchestrates life's processes. From the historical lens of X-ray
crystallography to the dynamic insights provided by NMR spectroscopy and
the revolutionary capabilities of cryo-electron microscopy, each technique
contributes a unique dimension to our understanding. The marriage of
experimental and computational approaches not only enriches our
comprehension of molecular interactions but also paves the way for innovative
drug design strategies and targeted therapeutic interventions, propelling us into
afuture where the intricacies of life are unveiled with unprecedented clarity.

Biosensor s and I maging Probes: [lluminating Cellular Signatures

In the intricate dance of cellular life, biosensors and imaging probes
have emerged as indispensable choreographers, casting light on the subtle
nuances of molecular events with unparalleled sensitivity. Rooted in principles
of fluorescence and bioluminescence, these technologies provide a dynamic
window into the molecular processes that govern cellular function, offering not
just snapshots but vivid narratives of life at the cellular level.

Advanced Biosensors. Real-Time Insightsinto Cellular Dynamics

Advanced biosensors stand as sentinel guardians, enabling the real-time
detection of specific molecules, signaling pathways, and cellular responses.
These technologies have revolutionized our ability to monitor the dynamic
nature of biological systems with exquisite precision. From calcium ions and
neurotransmitters to enzyme activities and cellular metabolites, biosensors act
as molecular reporters, allowing researchers to witness the orchestrated
symphony of molecular interactions within living cells.

Schematic overview of graphene-based wear able biosensorsfor the
detection ofdifferent biomarkers

I mage Sour ce: Santoshi et al. (2022)
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Fluorescent and Bioluminescent Imaging Probes. Visualizing
Molecular Processes

Fluorescent and bioluminescent imaging probes, crafted with precision
and specificity, serve as artistic brushes that paint vivid portraits of molecular
processes within living organisms. These probes, designed to selectively bind
to specific targets, emit light that can be captured and visualized. Fluorescence
microscopy and bioluminescence imaging techniques, often coupled with
advanced imaging platforms, unveil the spatial and temporal dynamics of
cellular events. Whether tracking gene expression, protein localization, or
metabolic activities, these imaging probes illuminate the intricacies of life in
living color.

Fluorescence Bioluminescence

I mage Sour ce: Patterson et al. (2014)
Nanotechnology's Role: Enhancing Sensitivity and Selectivity

Nanotechnology emerges as a silent maestro, playing a pivotal role in
enhancing the sensitivity and selectivity of biosensors. Engineered
nanomaterials, such as quantum dots and nanoscale polymers, have empowered
biosensors to detect molecular events at the nanoscale. The marriage of
nanotechnology with biosensors has opened new frontiers, enabling their
deployment in diverse biological contexts and facilitating the exploration of
cellular landscapes with unprecedented clarity.
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Schematicillustration of electrochemical sensors and biosensor s based on
nanomaterials and nanostructures

Image Source: Zhu et al. (2015)
Applicationsin Diagnostics and Therapeutic Monitoring

Beyond the realm of research, biosensors and imaging probes have
paved the way for transformative applications in diagnostics and therapeutic
monitoring. The non-invasive nature of these technologies makes them ideal
candidates for tracking disease biomarkers, assessing treatment responses, and
monitoring the progression of therapeutic interventions. This marriage of
precision and non-invasiveness holds promise for personalized medicine,
where cellular signatures become the guiding lights in the journey towards
health.

Biosensors and imaging probes stand as luminary instruments, casting
light on the cellular signatures that define life's processes. From advanced
biosensors providing real-time insights to fluorescent and bioluminescent
imaging probes visualizing molecular ballets, these technologies weave a
narrative that transcends the boundaries of observation. Enhanced by the
symphony of nanotechnology, the integration of biosensors and imaging probes
not only deepens our understanding of cellular dynamics but also opens new
avenues for diagnostic techniques and therapeutic monitoring, heralding a
future where the language of cellular signatures is fluently spoken for the
betterment of human health.

Mass Spectrometry in Biological Research: Analyzing the Molecular
L andscape

In the intricate tapestry of biological research, mass spectrometry stands
as an unrivaled workhorse, wielding unparalleled capabilities to dissect the
molecular landscape of complex biological samples. From proteomics to
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gpatialy resolved imaging, mass spectrometry has become a cornerstone
technology, unraveling the intricate web of molecules that define cellular
function and pathol ogy.

Proteomics Unveiled: | dentification, Quantification, and
Char acterization

At the heart of mass spectrometry's prowess in biological research lies
its pivotal role in proteomics. This technology enables the identification,
guantification, and characterization of proteins with a precision that transcends
traditional methodologies. High-resolution mass spectrometry platforms have
evolved to become the stalwarts of proteomic analyses, alowing researchers to
unravel intricate signaling networks, delineate protein interactions, and
elucidate the dynamic orchestration of cellular processes.

Imaging M ass Spectrometry: A Spatial Revolution

The advent of imaging mass spectrometry represents a paradigm shift,
extending the capabilities of traditional mass spectrometry into the spatia
domain. This powerful approach alows for the spatially resolved molecular
analysis within biological tissues, providing a unique lens to understand the
distribution of lipids, metabolites, and proteins. The spatial context offered by
imaging mass spectrometry is invaluable, offering critical insights into tissue
function, disease progression, and the molecular intricacies of cellular
microenvironments.
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Mass Spectrometry Imaging (MSI)
I mage sour ce: Stoeckli et al. (2001)
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High-Resolution Mass Spectrometry: Precision Redefined

Advances in high-resolution mass spectrometry further elevate the
accuracy and depth of molecular identification. This refinement enables
researchers to discern subtle differences in molecular masses, facilitating the
discrimination of closely related species and the identification of post-
trandational modifications. High-resolution instruments, coupled with
sophisticated data analysis techniques, empower scientists to navigate the
intricate landscape of biological molecules with unprecedented precision.
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Image Source: https.//www.zimmermann.chemie.uni-rostock.de/en/research
/advanced-mass-spectrometry/hi gh-resol ution-mass-spectrometry/

Indispensable Toolsfor Unraveling Complexity

Mass spectrometry, in its various forms, has become an indispensable
tool for unraveling the complexities of the biological landscape. From
elucidating the intricate details of protein structures to mapping the spatia
distribution of molecules in tissues, mass spectrometry offers a
multidimensional perspective that enriches our understanding of the molecular
underpinnings of life. Its versatility spans applications in biomarker discovery,
drug development, and the exploration of disease mechanisms.
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Future Horizons: Driving Innovationsin Biological Inquiry

As technology continues to evolve, mass spectrometry remains at the
forefront of innovation in biological research. Ongoing advancements promise
to expand the frontiers of what is possible, pushing the boundaries of
sensitivity, speed, and spatial resolution. The integration of mass spectrometry
with other cutting-edge technologies, such as artificial intelligence and
automation, heralds a future where biological inquiries are driven by
unprecedented insights and efficiency.

Mass spectrometry stands as a beacon in the ream of biological
research, illuminating the molecular landscape with precision and depth. From
unraveling the intricacies of the proteome to spatially mapping the molecules
within tissues, mass spectrometry has become an indispensable ally in the quest
to decipher the language of biologica molecules. As we navigate the
complexities of life, mass spectrometry continues to evolve, propelling us into
a future where the secrets of the biological landscape are unveiled with
unprecedented clarity and sophistication.

High-Throughput Screening: Accelerating Drug Discovery

In the relentless pursuit of novel therapeutics, high-throughput
screening (HTS) technologies have emerged as transformative engines,
propelling drug discovery into a new era of speed, efficiency, and precision.
With automated screening platforms, robotics, and cutting-edge
instrumentation, HTS has revolutionized the evaluation of vast compound
libraries against biological targets, significantly expediting the identification of
potential drug candidates for amyriad of diseases.

Automated Platforms. The Acceleratorsof Drug Discovery

The linchpin of high-throughput screening lies in automated platforms,
equipped with robotics that tirelessly execute complex experimenta protocols
with unparalleled speed and precision. These platforms enable the rapid
evaluation of large compound libraries against biological targets, a process that
once demanded extensive time and resources. With high-throughput
capabilities, researchers can swiftly sift through immense chemical spaces,
identifying compounds with therapeutic potential across various diseases,
including cancer, infectious diseases, and neurological disorders.
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Artificial Intelligence and Machine L earning: Refining the Screening
Process

The integration of artificial intelligence (Al) and machine learning
(ML) agorithms marks a paradigm shift in high-throughput screening. These
intelligent systems analyze vast datasets, identify patterns, and predict potential
drug candidates with unprecedented efficiency. By learning from experimental
outcomes, Al and ML contribute to the optimization of experimental designs,
reducing the need for exhaustive trial-and-error approaches. This synergy
between human ingenuity and computational prowess enhances the precision
and success rates of drug discovery endeavors.

CRISPR-Based Functional Genomics Screening: Unleashing
Systematic Exploration

A transformative approach within high-throughput screening is the
utilization of CRISPR-based functional genomics screening. Leveraging the
revolutionary CRISPR-Cas9 gene-editing system, this technique enables the
systematic exploration of gene function and its implications in disease
pathways. By selectively perturbing genes in a high-throughput manner,
researchers can uncover the roles of specific genes in cellular processes and
identify potential therapeutic targets. CRISPR-based functional genomics
screening adds a layer of depth to HTS, revealing the molecular intricacies that
underlie diseases.

Efficiency and Precision in Targeted Therapies

The collective advancements in high-throughput screening, bolstered by
automation, artificial intelligence, and functional genomics, have redefined the
landscape of drug discovery. The efficiency and precision achieved through
HTS have streamlined the identification of targeted therapies, alowing
researchers to focus on promising candidates with higher confidence. This
paradigm shift not only accelerates the drug discovery timeline but also
increases the likelihood of bringing effective therapiesto patientsin need.

Future Horizons. Innovation in Drug Discovery

As high-throughput screening continues to evolve, the future of drug
discovery holds the promise of even greater innovation. Integrating emerging
technologies, such as advanced robotics, microfluidics, and organ-on-a-chip
systems, will further enhance the capabilities of HTS. The marriage of
technological advancements with biological insights positions drug discovery
at the forefront of innovation, ushering in a new era where targeted therapies
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for a wide range of diseases are identified and developed with unprecedented
speed and precision.

High-throughput screening stands as a cornerstone in the quest for
novel therapeutics, revolutionizing drug discovery through automation,
artificia intelligence, and functional genomics. The accelerated pace, increased
efficiency, and precision brought about by HTS reshape the landscape of drug
development, offering hope for the rapid identification of targeted therapies
that address unmet medical needs. As we navigate the future of drug discovery,
high-throughput screening continues to be a beacon, guiding researchers
towards innovative solutions and breakthroughs in the realm of medicine.

Bioinformatics and Computational Biology: Deciphering the Data
Deluge

In the era of big data, the exponential growth of biological information
has ushered in an age where the management, analysis, and interpretation of
vast datasets are paramount. Bioinformatics and computational biology emerge
as indispensable disciplines, providing the tools and methodologies essential
for unraveling the complexities hidden within genomics, proteomics,
metabolomics, and imaging data.

The Data Deluge: Necessitating Computational Solutions

The deluge of biological data, generated through high-throughput
technologies, necessitates robust computational approaches to distill
meaningful insights. Bioinformatics acts as the digital bridge, facilitating the
storage, retrieval, and analysis of biologica information. Whether deciphering
the intricacies of DNA sequences, unraveling the proteomic landscape, or
mining metabolomic profiles, bioinformatics becomes the linchpin for
transforming raw datainto actionable knowledge.

Machine Learning and Artificial Intelligences Game-Changers in
Computational Biology

The advent of machine learning (ML) and artificia intelligence (Al)
marks a paradigm shift in computational biology, where these technologies
evolve from tools into game-changers. ML algorithms, armed with predictive
models and pattern recognition capabilities, empower researchers to extract
hidden patterns from vast datasets. Al, with its capacity for autonomous
learning, contributes to the development of sophisticated models for disease
diagnosis, prognosis, and the identification of novel biomarkers. The
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integration of ML and Al transcends traditional analytical boundaries, offering
unprecedented insights into the molecular tapestry of life.

Synergy between Experimental Data and Computational
Approaches

The symbiotic relationship between experimental data and
computational methodologies is the driving force behind the advancement of
biological understanding. As biological datasets evolve in complexity and
scale, the synergy between experimental insights and computational prowess
becomes increasingly crucial. Computational models not only validate
experimental findings but also provide a framework for extrapolating
knowledge, making sense of intricate relationships within biological systems.

Predictive M odels and Biomar ker Discovery

One of the crowning achievements of bioinformatics and computational
biology lies in their ability to construct predictive models and unearth novel
biomarkers. These models, often fueled by machine learning agorithms,
empower researchers to forecast disease outcomes, identify potential
therapeutic targets, and optimize treatment strategies. The integration of
computationa approaches in biomarker discovery accelerates the tranglation of
research findings into tangible clinical applications.
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Challenges and Opportunitieson the Horizon

While bioinformatics and computational biology have transformed the
landscape of biological research, chalenges persist. The integration of multi-
omics data, addressing data heterogeneity, and ensuring the reproducibility of
computational analyses remain areas of ongoing refinement. However, with
challenges come opportunities for innovation. The future of computational
biology holds promises of advanced algorithms, personalized medicine tailored
to individual genomic profiles, and the integration of Al-driven insights into
routine clinical practice.

Bioinformatics and computational biology stand as linchpins in the face
of the biological data deluge. From managing and interpreting large-scale
datasets to harnessing the power of machine learning and artificial intelligence,
these disciplines shape the trgjectory of biological research. The synergy
between experimental data and computational methodologies is a testament to
the transformative potential of combining biologica insights with
computational prowess. As we navigate the complexities of biological
information, bioinformatics and computational biology remain at the forefront,
deciphering the data deluge and paving the way for a future where the
intricacies of life are decoded with unprecedented precision.

Future Per spectives. Charting the Course Ahead

At the intersection of technological innovation and biologica
discovery, the future holds boundless possibilities. Anticipating the trgectory
of instrumentation in biological sciences requires a holistic perspective on
emerging trends and potential breakthroughs.

In the realm of imaging technologies, the integration of artificia
intelligence for real-time image analysis and interpretation is poised to enhance
the efficiency of experiments and accelerate discoveries. Furthermore, the
convergence of multiple imaging modalities, such as combining microscopy
with spectroscopy, promises a more comprehensive understanding of cellular
dynamics.

Omics technologies will continue to evolve, with advancements in
long-read sequencing technologies addressing the limitations of short-read
platforms. The refinement of CRISPR-based techniques and the development
of novel gene-editing tools will further empower precision genomics.
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Single-cell analysis is on the cusp of broader applications, extending
beyond RNA sequencing to encompass multi-omics profiling at the single-cell
level. Microfluidic technologies will play a pivota role in enabling high-
throughput single-cell analyses, contributing to our understanding of cellular
heterogeneity in health and disease.

Structural biology is set to benefit from advancements in cryo-electron
microscopy, particularly in sample preparation techniques and data analysis
algorithms. The integration of artificia intelligence in structura biology
workflows holds the potential to expedite the determination of complex
structures.

Biosensors and imaging probes will continue to evolve with the
refinement of nanomaterias and the development of new imaging modalities.
The application of biosensors for real-time monitoring within living organisms
isan exciting frontier, offering dynamic insights into physiological processes.

Mass spectrometry will witness advancements in sensitivity and
resolution, enabling more comprehensive and accurate analyses of complex
biological samples. Innovations in ambient ionization techniques will further
broaden the applicability of mass spectrometry in various research fields.

High-throughput screening will benefit from the integration of organ-
on-a-chip technologies, alowing for more physiologicaly relevant drug
testing. The combination of high-throughput screening with CRISPR-based
approaches will deepen our understanding of gene function and its implications
for drug discovery.

Bioinformatics and computational biology will grapple with the
challenges posed by big data, prompting the development of scalable and
efficient algorithms. Explainable artificial intelligence models will gain
prominence in biological research, fostering greater trust in computational
predictions.

In conclusion, the chapter on "Advances in Instrumentation for
Biological Sciences: Unveiling the Secrets of Life" serves as a testament to the
transformative impact of cutting-edge technologies on our understanding of life
processes. From the microscopic world revealed by advanced imaging to the
intricate molecular interactions unveiled by omics technologies, single-cell
analysis, structural biology, biosensors, mass spectrometry, high-throughput
screening, and computational biology, each instrument represents a powerful
tool in our scientific arsenal. As we navigate the complex landscape of
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biological sciences, the continuous evolution of instrumentation promises to
unravel new layers of biologica complexity, paving the way for
groundbreaking discoveries and transformative applications in medicine,
biotechnology, and beyond.
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I ntroduction

Squamata (scaled reptiles) is the most diverse order of extant reptiles,
comprised of the lizards and snakes and characterized a flexible jaw structure
(movable quadrate bones) and having scales or shields rather than shells or
secondary palates. Of the four surviving orders-the others being Crocodilia,
Rhynchocephalia, and Testudines—the squamates represent more than 95
percent of the known living species. Despite their diverse forms—such as the
lack of legs in snakes, presence of legs in lizards, and resemblance of the
amphisbaenians to worms-squamates share many of the same traits. Some of
these characters are not shared with any other reptiles, and in the case of paired
penes, with any other vertebrates.

This reflects that all squamates belong to the same lineage, as
descendants of a common ancestor. Squamates first appeared in the fossil
record during the mid-Jurassic and probably existed before that time. The fossil
record for squamates is rather sparse. Modern sguamates arose about 160
million years ago, during the late Jurassic. The earliest lizard fossils are
between 185 and 165 million years old. The closest living relatives of the
sguamates are the tuatara, followed by the crocodiles and birds. Of al living
reptiles, turtles are the most distant relatives of the squamates. Like
crocodilians, squamates are diapsids, a group of reptiles that possess two holes
(or temporal fenestra) on each Squamates (Squamata) are the most diverse of
al the reptile groups, with approximately 7400 living species. Squamates
include lizards, snakes, and worm lizards.
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Characters

There are two characteristics that unite the squamates. The first is that
they shed their skin periodically. Some squamates, such as snakes, shed their
skin in one piece. Other squamates, such as many lizards, shed their skin in
patches. In contrast, non-squamate reptiles regenerate their scales by other
means—for example, crocodiles shed a single scale at a time while turtles do
not shed the scales that cover their carapace and instead add new layers from
beneath.

The second characteristic shared by sgquamates is their uniquely jointed
skulls and jaws, which are both strong and flexible. The extraordinary jaw
mobility of sguamates enables them to open their mouths very wide and in
doing so, consume large prey. Additionally, the strength of their skull and jaws
provides squamates with a powerful bite grip.

The 7,200 species of snakes, lizards, and wormlizards all fall under the
order Squamata and are therefore known as sguamates (SKWAH-mates).
Perhaps the most noticeable difference between the snakes and the lizards are
the legs, or the lack of them. Most lizards, except for a few species, have
working legs. Snakes are legless. The most noticeable feature of the worm
lizards is their earthworm-like body. While they have scales and earthworms
do not, worm lizards' scales are arranged in rings and separated with grooves to
give them the appearance of an earthworm's ringed body. Most of the worm
lizards are legless, athough afew have two front legs just behind the head.
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Besides smelling with their noses and tasting with their tongues, most
squamates also smell with a special organ on the roof of their mouths. They use
it by first flicking or otherwise picking up chemicals on the tongue. They then
place the tongue on the roof of the mouth at what is called the Jacobson's
organ, which smells the chemicals. For hearing, many lizards have ears that are
visible as a hole on either side of the head. Neither the snakes nor the
wormlizards have the openings for their ears. Scientists believe that snakes can
probably only hear very low-pitched sounds, including ground vibrations that
they sensein the jaw and send to the ear.

In addition to the presence or absence of ear holes, known as external
ears, snakes and lizards have another obvious difference. The mgority of
lizards have eyelids that close and open. Snakes, on the other hand, have a
spectacle over their eyes. A spectacle is a clear scale, which looks much like a
contact lens. In other words, a lizard noticeably blinks, but a snake always
appears to have its eyes open. Although most squamates have obvious eyes,
those species that spend most of their lives underground often have very small
eyes, which are sometimes invisible under their scales.

Size

The size of the squamate depends on the species. Among the lizards,
the heaviest is the Indonesian Komodo dragon, which can grow to be at least
9.9 feet (3 meters) long and 330 pounds (150 kilograms). Many people
consider the crocodile monitor to be the world's longest lizard. It can reach 12
feet (nearly 3.7 meters) long, although some reports claim that the lizards can
reach 15 to 19 feet (4.6 to 5.8 meters) long. The smallest lizard, on the other
hand, is the jaragua lizard, also known as the dwarf gecko. From one end to the
other, adults of this recently discovered species only reach about 1.2 inches
(3.2 centimeters) long. Snakes aso come in different sizes. Some of the
smallest are in the blind snake and slender blind snake families, which include
species that only grow to 4 inches (10 centimeters) long and weigh just 0.05
ounces (1.4 grams). This compares to the reticulated python, which often
reaches 20 feet (6.1 meters) or more. The largest reticulated python ever
discovered was killed in 1912 in Indonesia. This beast measured 33 feet (10.1
meters) in length. The South American green anaconda is another enormous
species, often reaching 25 feet (7.7 meters) long and 300 pounds (136
kilograms). Wormlizard adults range from 3.1 inches (8 centimeters) to more
than 32 inches (81 centimeters) long.
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Skull and jaws

The skull is derived from the primitive diapsid condition, but the lower
bar leading back to the quadrate bone is absent, however, giving greater
flexibility to the jaw. In some burrowers (such as Anniella and the worm
lizards) as well as some surface-living forms (such as the geckos), the upper
and lower tempora bars have been lost. Small burrowing lizards have thick,
tightly bound skulls with braincases that are well protected by bony walls.
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In most lizards, the front of the braincase is made up of thin cartilage
and membrane, and the eyes are separated by a thin, vertical interorbital
septum. In burrowing forms with degenerate eyes, the septum is reduced and
adds to the compactness of the skull. Most lizard skulls, particularly in the
Scleroglossa, are kinetic (that is, the upper jaw can move in relation to the rest
of the cranium). Since the anterior part of the braincase is cartilaginous and
elastic, the entire front end of the skull can move as a single segment on the
back part, which is solidly ossified. This increases the gape of the jaws and
probably assistsin pulling struggling prey into the mouth.
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Scales and Colour Change

Lizards come in awide variety of colors, including red, orange, yellow,
green, blue, indigo, and violet. Most match the color of substrates on which
they live, offering camouflage, which confers some degree of protection from
predators. Snakes are equally colorful, with some, such as coral snakes
(Micrurus), being warningly colored with bright bands of red, yellow, and
black.

: B e S S
Except for openings of nostrils, mouth, eyes, and cloaca, most lizards
are completely covered in scales. Scales may be smooth and overlapping, form
a mosaic of flat plates, or have keels or tubercles. The arrangement varies
among species and by body part. The outer parts of the scales are composed of
dead horny tissue made up largely of the protein keratin. The dead layer is shed
a intervals and is replaced by proliferating cells in the deep part of the
epidermis. In some lizards, osteoderms, which are bony plates that develop in
the dermis, underlie head and body scales. In addition, certain lizards have
scale organs, with a stiff projecting seta emerging from the serrated edge of the
scale. Presumably, these setae are responsive to touch.
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Many lizards can change colour. The most notable groups in this regard
are the chameleons and the anoles. Some species can change from bright green
to deep, chocolate brown, and patterns such as lines and bars may appear and
disappear along their bodies. Melanophores are the pigment cells that permit
colour change, and the concentration of pigment granules within these cells
determine the type of colour that is produced. In genera, the animal appears
lighter coloured when pigment is concentrated and dark when pigment is
dispersed throughout the cells. The animal’s colour state at any given time is
controlled by a complex interaction of hormones, temperature, and the nervous
system.

Behavior

Because they are ectothermic, which means that their body temperature
changes based on the outside temperature, many squamates sunbathe, or bask,
to warm up. Others, however, stay out of sight during the day. Some of the
fossorial species rarely come out of the ground at all. These species will
sometimes increase their body temperatures by moving to a warmer
underground spot. For hunting, many of the squamates actively walk or dlither
about looking for prey. Others, however, hunt by ambush, which means that
they sit still, wait for a prey animal to come along, then spring out to grab and
eat it. Some snakes, including the pit vipers and the boas, have a specid
method of hunting. They can sense heat through small holes, called pit organs,
on the face. Using these pit organs, they are able actually to see the heat given
off by an animal in 3-D. These pit organs come in especially handy when
hunting for food at night or in places where the snake has alimited view.

Someimportant features

Advance, small, to medium, elongated

Limbs clawed, absent in snake and few lizards

Exoskeleton of horny epidermal scales, shield and spines
Skull diapsid, Quadrate movable

Jaws designed for applying crushing or gripping force to prey
V ertebrae procoel ous, ribs single headed

Teeth acrodont or pleurodont
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9. Heart incompletely 4 chambered

10. Respiration by Lungs

11. Cloacal apertureistransverse

12. Mae with eversible double copulatory organ (hemipenes)
13. Egg covered in leathery shells

Distribution and Habitat

Snakes and lizards are found everywhere in the world, except at very
high latitudes, on cold mountaintops, and in the Arctic and Antarctic. At high
latitudes and elevations, temperature becomes a limiting factor for animals that
rely on externa heat sources (ectotherms). Nevertheless, many lizards and
snakes have evolved adaptations, such as viviparity (bearing live young), that
facilitate living in cold environments.

Besides the Arctic, Antarctic, and other very cold places, squamates
live amost the world over. Squamates can live in many habitats, from the dry
conditions in the desert to the wet and warm rainforests. Many of them,
including numerous lizards and snakes, live above ground on land. Some, such
as the wormlizards, are fossorial, which means that they remain underground
most of the time. Others, including many snakes, are arboreal, which means
that they often live above the ground among tree branches. Some, like the
water snakes, rarely leave their freshwater streams or ponds, while the sea
kraits are snakes that spend their livesin salt water.

Sense organs

Eyes

In general construction the eyes of reptiles are like those of other
vertebrates. Accommodation for near vision in al living reptiles except snakes
is accomplished by pressure being exerted on the lens by the surrounding
muscular ring (ciliary body), which thus makes the lens more spherical. In
snakes the same end is achieved by the lens being brought forward. The lens
moves as a result of the pressure built up on the vitreous humour by
contractions of muscles located at the base of the iris. The pupil shape varies
remarkably among living reptiles, from the round opening characteristic of al
turtles and many diurnal lizards and snakes to the vertical dlit of crocodiles and
nocturnal snakes and the horizontal dlits of a few tree snakes. Undoubtedly the
most bizarre pupil shape is that of some geckos, in which the pupil contracts to
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form a series of pinholes, one above the other. The lower eyelid has the greater
range of movement in most reptiles. In crocodiles the upper lid is more mobile.
Snakes have no movable eyelids, their eyes being covered by a fixed
transparent scale. tuatara and all crocodiles have a third eyelid, the nictitating
membrane, a transparent sheet that moves sideways across the eye from the
inner corner, cleansing and moistening the cornea without shutting out the
light.

Visual acuity varies greatly among living reptiles, being poorest in the
burrowing lizards and snakes (which often have very small eyes) and greatest
in active diurnal species (which usually have large eyes). Judging by the size of
the skull opening in which the eye is situated, similar variation existed among
the extinct reptiles. Extinct forms, such as the ichthyosaurs, that hunted active
prey had large eyes and presumably excellent vision; many herbivorous types,
such as the horned dinosaur Triceratops, had relatively small eyes and weak
vision. Colour vision has been demonstrated in few living reptiles.

Hearing

The power of hearing is variously developed among living reptiles.
Crocodiles and most lizards hear reasonably well. Snakes and turtles are
sensitive to low-frequency vibrations, thus they “hear” mostly earth-borne,
rather than aerial, sound waves. The reptilian auditory apparatus is typically
made up of a tympanum, a thin membrane located at the rear of the head; the
stapes, a small bone running between the tympanum and the skull in the
tympanic cavity (the middle ear); the inner ear; and a eustachian tube
connecting the middle ear with the mouth cavity. In reptiles that can hear, the
tympanum vibrates in response to sound waves and transmits the vibrations to
the stapes. The inner end of the stapes abuts against a small opening (the
foramen ovale) to the cavity in the skull containing the inner ear. The inner ear
consists of a series of hollow interconnected parts: the semicircular canals; the
ovoidal or spheroidal chambers called the utriculus and sacculus;, and the
lagena, a small outgrowth of the sacculus. The tubes of the inner ear,
suspended in a fluid called perilymph, contain another fluid, the endolymph.
When the stapes is set in motion by the tympanum, it develops vibrationsin the
fluid of the inner ear; these vibrations activate cells in the lagena, the seat of
the sense of hearing. The semicircular canals are concerned with equilibrium.

Most lizards can hear. The mgjority have their best hearing in the range
of 400 to 1,500 hertz and possess a tympanum, a tympanic cavity, and a
eustachian tube. The tympanum, usually exposed at the surface of the head or
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at the end of a short open tube, may be covered by scales or may be absent. In
general the last two conditions are characteristic of lizards that lead a more or
less completely subterranean life. For subterranean lizards airborne sounds are
less important than the low-frequency sounds passing through the ground. The
middle ear of these burrowers is usualy degenerate as well, often lacking the
tympanic cavity and eustachian tube.

Snakes have neither tympanum nor eustachian tube, and the stapes is
attached to the quadrate bone on which the lower jaw swings. Snakes are
obviously more sensitive to vibrations in the ground than to airborne sounds. A
loud sound above a snake does not elicit any response, provided that the object
making the sound does not move or, if it does, the movements are not seen by
the snake. On the other hand, the same snake will raise its head dlightly and
flick its tongue in and out rapidly if the ground behind it is tapped or scratched.
Snakes undoubtedly “hear” these vibrations by means of bone conduction.
Sound waves travel more rapidly and strongly in solids than in the air and are
probably transmitted first to the inner ear of snakes through the lower jaw,
which is normally touching the ground, thence to the quadrate bone, and finally
to the stapes. Burrowing lizards presumably hear ground vibrations in the same
way.

Chemor eception

Chemically sensitive organs, used by many reptiles to find their prey,
are located in the nose and in the roof of the mouth. Part of the lining of the
nose is made up of cells subserving the function of smell and corresponding to
similar cells in other vertebrates. The second chemoreceptor is the Jacobson’s
organ, which originated as an outpocketing of the nasal sac in amphibians; it
remained as such in tuatara and crocodiles. The Jacobson’s organ is most
developed in lizards and snakes, in which its connection with the nasal cavity
has been closed and is replaced by an opening into the mouth. The nerve
connecting Jacobson’s organ to the brain is a branch of the olfactory nerve. In
turtles the Jacobson’s organ has been lost.
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The use of the Jacobson’s organ is most obvious in snakes. If a strong
odour or vibration stimulates a snake, its tongue is flicked in and out rapidly.
With each retraction, the forked tip touches the roof of the mouth near the
opening of the Jacobson’s organ, transferring any odour particles adhering to
the tongue. In effect, the Jacobson’s organ is a short-range chemoreceptor of
nonairborne odours, as contrasted to the detection of airborne odours, smelling
in the usual sense, by olfactory sensory patches in the nasal tube. Some snakes
(notably the large vipers) and scleroglossan lizards (such as skinks, monitors,
and burrowing species of other families) rely upon the olfactory tissue and the
Jacobson’s organ to locate food, almost to the exclusion of other senses. Other
reptiles, such as certain diurnal lizards and crocodiles, appear not to use scent

in searching for prey, though they may use their sense of smell for locating a
mate.
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The pit vipers (family Viperidae), boas and pythons (family Boidae),
and a few other snakes have special heat-sensitive organs (infrared receptors)
on their heads as part of their fooddetecting apparatus. Just below and behind
the nostril of a pit viper is the pit that gives the group its common name. The
lip scales of many pythons and boas have depressions (labial pits) that are
analogous to the viper’s pit. The labial pits of pythons and boas are lined with
skin thinner than that covering the rest of the head and are supplied with dense
networks of blood capillaries and nerve fibres. The facial pit of the viper is
relatively deeper than the boa’s labial pits and consists of two chambers
separated by a thin membrane bearing a rich supply of fine blood vessels and
nerves. In experiments using warm and cold covered electric light bulbs, pit
vipers and pitted boas have been shown to detect temperature differences of
lessthan 0.6 °C (1.1 °F).

Many pit vipers, pythons, and boas are nocturnal and feed largely on
mammals and birds. Infrared receptors, located on the face, enable these
reptiles to direct their strikes accurately in the dark, once their warm-blooded
prey arrives within range. The approach of prey is likely identified by the
vibrations they make on the ground; however, the sense of sight and perhaps
even the sense of smell are aso used. The pit organs simply confirm the
identity of the prey and aim the strike.

L ocomotion and Limb adaptations

Most lizards are quadrupedal and have a powerful limb musculature.
They are capable of rapid acceleration and can rapidly change direction. The
racerunners or whiptails (Aspidoscelis) can attain speeds of 29 km (18 miles)
per hour, which, in terms of their own body length (less than 50 cm [20 inches]
long), puts them in a class with fast terrestrial mammals. A tendency toward
elongation of the body is found in some families, and a reduction of limb
length or a complete loss of limbs often accompanies such elongation. Such
lizards propel themselves entirely by lateral undulations emanating from highly
complicated ventral abdominal muscles. Limbless lizards that move quickly on
the surface or through sand (such as glass snakes [Ophisaurus]) tend to have
elongate tails, whereas the burrowers have extremely reduced tails. Some
burrowers (such as the amphisbaenians) dig by ramming the head into the
substrate. This is followed by the rotation of the head around the head joint to
compress the substrate. Others, like the California legless lizards (Anniella),
literally “swim” through the sand.
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Many modifications of the toes occur in lizards. Some desert geckos,
the iguanid Uma, and the lacertidA canthodactylus have fringes on the toes that
provide increased surface area, preventing the lizard from sinking into loose
desert sand. Arboreal geckos and anoles (Anolis) have lamellae (fine plates) on
the undersides of the toes. Each lamellais made up of brushlike setae. The tips
of each seta divide hundreds of times into tiny spatul ae (spoon-shaped strands);
the final strand is less than 0.25 micrometre (0.00001 inch) in diameter. (A
tokay gecko [Gekko gecko], for example, has about half a million setae on
each foot.) These fine hairlike processes greatly enhance the clinging ability of
the lizards, allowing some to easily climb vertical panes of glass.

Intermolecular forces between spatulae on the gecko’s setae and the
surface provide the adhesion.

The true chameleons (family Chamaeleonidae), a predominantly
arboreal group, have a different type of highly specialized limb. The digits on
each foot are divided into two groups by webs of skin. On each hind limb,
three of the toes face away from the body, whereas two face toward the body;
on each forelimb, the pattern is reversed. Each foot can thus be divided into an
outer and an inner portion, which can be opposed as the branch is gripped.
Chameleons and some other lizards have prehensile tails, which also aid in
grasping branches.

Severa terrestrial lizards are able to run bipedally. Basilisk lizards
(Basiliscus) are actually able to run across water for short distances. During
bipedal locomotion the tail is held out backward and upward and acts as a
counterweight. The frilled lizard (Chlamydosauruskingii) can also run
bipedally.
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Some Ilzards are able to parachute or gllde through the air and make
soft landings. The most highly adapted of these are the flying lizards (Draco), a
group of agamids from Southeast Asia. The “wings” that enable this lizard to
glide are extensible lateral folds of skin that are supported by elongate ribs.

Diet and Digestive system

Dentition

Most lizards eat a variety of arthropods, with sharp, tricuspid teeth
adapted for grabbing and holding. In most lizards, teeth are present aong the
jaw margin (on the maxilla, premaxilla, and dentary bones). However, in some
forms, teeth may also be found on the paate. In the embryo, an egg tooth
develops on the premaxilla bone and projects forward from the snout. Although
it aids in piercing the shell, it is lost soon after hatching. This is a true tooth,
unlike the horny epidermal point in turtles and crocodilians. The teeth of some
large predators are conical and dlightly recurved. The Komodo dragon
(Varanuskomodoensis), for example, has serrated teeth that are curved like a
scalpel blade; these teeth can cut through the leg muscle of a full-grown water
buffalo (Bubalusbubalis) and cause it to bleed to death. In contrast, mollusk
and crustacean feeders, such as the caiman lizard (Dracaena), have blunt,
rounded teeth in the back of the jaw designed for crushing. Some herbivorous
species (such as iguanas) have leaf-shaped tooth crowns with serrated cutting
edges. The venomous lizards (Heloderma) have a longitudinal groove or fold
on the inner side of each mandibular tooth; these grooves conduct the venom
from thelizard to its victim.
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The common mode of tooth implantation is pleurodonty, in which the
teeth are fused to the inner side of the labia wall. In the other mode, acrodonty,
teeth are fused to the tooth-bearing bone, often to the crest of the bone.
Acrodont teeth are rarely replaced once a certain growth stage is reached. The
dentition of the Agamidae is usually described as acrodont, but most species
have several pleurodont teeth at the front of the upper and lower jaws.

Diet

Most of the squamates eat other animals. Many of the lizards and the
smaller snake species eat insects or other invertebrates, which are animals
without backbones. Even some of the mediumsized snakes eat invertebrates.
Eastern garter snakes, for example, like to dine on earthworms. A large number
of the medium- to large-sized snakes, however, eat other snakes, lizards, frogs
and tadpoles, mammals and other vertebrates, which are animals with
backbones. Boa constrictors, pythons, and other very large snakes sometimes
eat calves, deer, and other big mammals. Monitor lizards, which can grow to
12 feet (3.7 meters) or longer, can also capture, kill, and eat large mammals,
such as deer, monkeys, wild pigs, and even buffalo. They are also known to eat
dead animals, or carrion, that they come across. Some species of squamates eat
plants either in addition to or instead of meat. Many of the iguanas, for
instance, eat flowers, fruits, and leaves.

The digestive system of modern reptiles is smilar in general plan to
that of all higher vertebrates. It includes the mouth and its salivary glands, the
esophagus, the stomach, and the intestine and ends in a cloaca. Of the few
speciaizations of the reptilian digestive system, the evolution of one pair of
salivary glands into poison glands in the venomous snakes is the most
remarkable.
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Compared to mammals and birds, squamates must have meals much
less frequently. Because they are ectothermic and do not have to use their
energy to keep up a constant body temperature, as the mammals and birds do,
they can get by on much less food. Some of the large snakes can survive many
months -even afull year-on one big meal.

Urinogenital system

In snakes and lizards, must conserve body water, and they convert their
nitrogenous wastes to insoluble, harmless uric acid, which forms a more or less
solid mass in the cloaca. In snakes and lizards, these wastes are eliminated
from the cloaca together with wastes from the digestive system.

Prior to the evolution of the metanephric kidney, the products of the
male gonad, the testis, traveled through the same duct with the nitrogenous
wastes from the kidney. But with the appearance of the metanephros, the two
systems became separated. The female reproductive system never shared a
common tube with the kidney. Oviducts in al female vertebrates arise as
separate tubes with openings usually near, but not connected to, the ovaries.
The oviducts, like the Wolffian ducts of the testes, open to the cloaca. Both
ovaries and testes lie in the body cavity near the kidneys.

Courtship and territoriality

Observe an anole change its skin colour for camouflage and fan its
dewlap to mark possession or attract a mate. Social interactions among lizards
are best understood for the species that respond to visual stimuli. Many lizards
defend certain areas against intruders of the same or closely related species.
Territorial defense does not always involve actual combat. Presumably to avoid
physical harm, elaborate, ritualized displays have evolved in many species.
These presentations often involve the erection of crests along the back and
neck and the sudden increase in the apparent size of an individua through
puffing and posturing. Many species display bright colours by extending a
throat fan or exposing a coloured patch of skin and engage in stereotyped
movements such as push-ups, head bobbing, and tail waving. Large, colourful
horns and other forms of conspicuous head and body ornamentation are often
restricted to males, but females of many species defend their territories by
employing stereotyped movements similar to those of males. A displaying
male that stands out against his surroundingsis vulnerable to predation.
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However, territoriality is evidently advantageous and has evolved
through natural selection. Territories are usually associated with limited
resources (such as nest sites, food, and refuges from predators), and a male that
possesses a territory will likely attract females. Thus, he will have a higher
probability of reproductive success than one living in a marginal area. The
displays used by males in establishing territories may also function to
“advertise” their presence to females; in species that breed seasonally,
territoriality typically diminishes during the nonbreeding season. In iguanids,
actual courtship displays differ from territoria displays in that males approach
females with pulsating, jerky movements.

In addition to the visual cues used for bringing the sexes together,
chemical stimuli play arole in some species of iguanian lizards. For example,
desert iguanas (Dipsosaurus dorsalis) can discriminate between their own
odours and those of other desert iguanas. In addition, numerous lizard species
have femoral pores, which are small blind tubes along the inner surface of the
thighs, whose function may be the secretion of chemica attractants and
territorial markers.

The socia systems of autarchoglossan lizards are fundamentally
different. Rather than visual displays, chemical communication between
individuals is used. Autarchoglossan males that rely heavily on vomerolfaction
can distinguish species, sex, and sexual receptivity using chemical cues alone.
Some lizards (such as those of families Telidae, Varanidae, and
Helodermatidae) have deeply forked tongues and may be able to use them to
determine the direction of chemical signals in a manner similar to snakes.
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Geckos use auditory cues in social interactions, but they also have the ability to
discriminate between chemical signals using olfaction.

Copulation follows a common pattern. The male grasps the female by
the skin, often on the neck or side of the head, and places his forelegs and hind
legs over her body. He then pushes his tail beneath hers and twists his body to
bring the cloacae together. One hemipenis is then everted and inserted into the
cloaca of the female. Depending upon the species, copulation may last from a
few seconds to 15 minutes or more.

Parental care

Parental care among lizards tends to be minima following egg
deposition, but there are striking exceptions. Many species dig holes in which
the eggs are placed, whereas others bury them under leaf litter or deposit them
in crannies of trees or caves. In contrast, females of some species, notably the
five-lined skink (Eumecesfasciatus) of the United States and many of its
relatives, remain with their eggs throughout the incubation time (about six
weeks); they leave the clutch infrequently to feed. These skinks turn their eggs
regularly and, if the eggs are experimentally scattered, will return them to the
nest cavity. As soon as the young disperse, family ties are severed. Glass
lizards (Ophisaurus, family Anguidae) appear to do the same thing. In addition,
a number of viviparous lizards remove and eat the placental membranes from
young when they are born.

In Austraia, juvenile sleepy lizards (Tiliquarugosa) remain in their
mother’s home range for an extended period, and this behaviour suggests that
they gain a survival advantage by doing so. Female sleepy lizards and those of
the Baudin Island spiny-tailed skink (Egerniastokesiiaethiops) recognize their
own offspring on the basis of chemical signals. Consequently, parental care in
lizards may be more widespread than previously thought. Nevertheless, since
recognition systems are subtle, they are difficult to study.
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Certain lizards, particularly some species of Gekkonidae, are known to
be communal egg layers, with many females depositing their eggs at the same
site. In addition, it appears that the same individual femae may return to a
particular site throughout her lifetime to deposit clutches of eggs. In
Tropidurussemitaeniatus and T. hispidus, two species of South American
ground lizards, females nest communally under slabs of rock situated on top of
large boulders. In this specidized habitat, only a few appropriate nest sites are
available, and thus they are limited resources. Males appear to take advantage
of this situation, especialy if nesting sites are located within their territories. It
is likely that if a male defends a good nesting site, he should have access to
more femal es than males who govern areas without high-quality nesting sites.

Parthenogenesis

Parthenogenesis (reproduction without fertilization) has evolved many
times among lizards and in at least one snake. In such al-female unisexual
"species," afemale lays eggs that develop into exact genetic clones of herself.
Many such parthenoforms have arisen via hybridization of sexual parental
species. Because no energy isinvested in making males, parthenogenetic forms
have a much faster rate of increase than do sexua species. Without sexual
reproduction, however, they cannot evolve. If heterozygosity itself confers
fitness, asexua reproduction maintains existing heterozygosity (acquired in
hybridization), whereas in sexual reproduction recombination will disrupt
heterozygosity. Depending on the species, a squamate female may lay eggs or
give birth to live young. Many species lay their eggs in nests, which are little
more than holes dug in moist ground. A few, like the wormlizards, lay their
eggs inside ant or termite nests. Most squamate mothers provide no care for
their young and leave aimost immediately after they lay their eggs or give
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birth. Some lizards and snakes are exceptions. Many femae skinks, for
example, stay with the eggs until they hatch.

While most species reproduce only after the male and female mate,
some species are parthenogenic, which means that a female can produce young
by herself. In many of these species, such as the lizard known as the desert
grassland whiptail, only females exist. The female's young are al identical
copies of herself. Besides this species in the whiptail family of lizards, seven
other families of lizards and snakes have some all-female species.

Classification
Squamates are classified within the following taxonomic hierarchy:

Animals > Chordates > Vertebrates >Tetrapods> Reptil es >Squamates
Classically, the Squamata order is divided into three suborders

87 | ISBN: 978-93-94638-75-4



Advance Research Trendsin Biology

Lizards (L acertilia): There are more than 4,500 species of lizards alive
today, making them the most diverse group of al squamates. Members of this
group include iguanas, chameleons, geckos, night lizards, blind lizards, skinks,
anguids, beaded lizards and many others.
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Snakes (Serpentes): There are about 2,900 species of snakes alive
today. Members of this group include boas, colubrids, pythons, vipers, blind
snakes, mole vipers, and sunbeam snakes. Snakes have no limbs but their
legless nature doesn't stop them from being among the world's most formidable
reptilian predators.
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Worm lizards (Amphisbaenia): There are about 130 species of worm
lizards alive today. Members of this group are burrowing reptiles that spend
most of their life underground. Worm lizards have sturdy skulls that are well
suited for digging tunnels.
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Abstract

The present study has been undertaken to assess the entrepreneurial
potentials, scopes, and opportunities of beekeeping in Kavassery village,
Erattakulm Taluk in Palakkad district fromJuly 2022 toMarch 2023. Thus, a
sample of 40 respondents from Palakkad district was selected using a pretested
interview schedule. This paper manly focused on beekeeping
entrepreneurship, entrepreneurship  skills, and the needfor beekeeping
entrepreneurship development in Palakkad along with the major reason for
promoting beekeeping entrepreneurship development in the district. This study
gave a red existing scenario of problems and prospects of beekeeping
entrepreneurship in the Alathur region. Beyond improving beekeepers’
pragmatic knowledge through training, and establishing beekeeper
associations, entrepreneurship, and institutional, policy measures are needed to
enhance this sector’s performance. Finally, the ultimate issue underlying the
study is to provide some initiatives to building beekeeping entrepreneurship for
expanding the honey market, conserving biodiversity, and finaly getting
livelihood enhancement among the rural masses.

Index Terms— Potentials, Beekeeping, Entrepreneurship, Biodiversity.

I ntroduction

The history of honeybee and honey finds a specia mention in the
Indian epics for its medicinal and therapeutic values and dates to about 2000 to
2500 years.The beekeeping method was the oldest known method in food
production. Beekeeping in India has great scope for self-employment of rural
and tribal families as they can make an annua income by producing tons of
honey. Honeybees are a main group of beneficial insects that provide not only
honey and other valuable hive products but aso enhance crop productivity
through pollination. The bees have a vita role in pollination of crops in
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sustainable agriculture resulting in food safety. Among the different states in
the country, Kerala and Tamil Nadu were traditionally the leading states in
beekeeping with Kerala contributing 70 percent of the annual production of
honey in India.

The honeybees belonging to the genus Apis and the stingless bees
belonging to the genera Trigona and Melipona are known to be useful.
Beekeeping is a profitable enterprise, of the maintenance of honeybee colonies,
commonly in hives, by humans (Syngkon W, 2017). There is no negative
impact of beekeeping on the environment (Verma S and Attri PK, 2008). Many
organizations have already undertaken beekeeping programs as a good weapon
for self-employment and poverty reduction for rural people (Saha GC, 1990).
Apiculture has a prime significance in sustaining an ever-growing population’s
health care and nutrition. Traditionally, apiculture is seen as a low-tech honey-
collecting, processing, and marketing industry with limited dynamics
dominated by a few small family farms, which are mostly focused on making
things better rather than doing new things (Bairwa et al., 2014). Beekeeping
plays a mgor role in the socio-economic development of rural livelihoods
(Islam etal., 2016).To give a positive trend in beekeeping and commercia
honey production, beekeeping management practices need to be improved
depending on the changes in environmental conditions. Extension activities at
the local level, result in better agricultural productivity, increase farmer
incomes, enhance food quality and security, reduce the use of pesticides, and
improve management of ecosystem services. The field demonstrations increase
awareness among the farming community and the local people which resultsin
the wider use of pollinatorsin agriculture that causes an increase in the yield of
crops. Beekeeping plays an important role in creating employment
opportunities among the rura masses. This industry can be promoted largely
by various programs implemented by the Government to generate more income
for farmers.

Beekeeping

The process of keeping bee colonies in hives for the goa of producing
honey, pollinating crops, and producing other hive products like beeswax,
propolis, and royal jelly is called beekeeping, often referred to as apiculture.
Beekeepers provide appropriate living conditions, control pests and illnesses,
and gather the products produced by the bees to maintain the heath and
productivity of the colonies (Crane Eva, 2009). Engaging in beekeeping serves
as an additional income stream for farmers, beyond economic benefits, the
establishment of beehives contributes to the overall biodiversity and health of
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the farm ecosystem. This not only supports the flourishing of additional plant
varieties but also fosters the well-being of diverse animal species within the
agricultural environment (Gene Kritsky, 2017).

Beekeeping for increased income

The integration of beekeeping in rubber plantation areas has an
additional income stream for rubber smallholders subsequently boosting their
socioeconomic standards. Rubber tree with their extrafloral nectaries provides
an essential source and favourable environment for bees to flourish. The rubber
tree's flower is a good source of pollen and nectar. Honey qualities are
primarily affected by species, surrounding vegetation, foraging behaviour,
resources, etc. Honey, propolis, and beebread could also be used in developing
cosmetic products such as soap, cream, lotion, etc. The beekeepers in the
rubber environment are advised to develop a beekeeping calendar that
integrates floral phenology with local weather, human activities, bee activities
like swarming, migrations, absconding, and bee-related chores. Favourable
weather conditions, with dominant vegetation of Rubber trees, nectar, and
pollen-producing plants, made the farmers think about the potentiality of
beekeeping. Honey is a highly-priced natural product in the market with
medicina value. Honeybees are harmless potentia pollinators to beekeepers;
they visit a wide range of crops and have a vita role in pollination of cropsin
sustainable agriculture resulting in food safety. They are tolerant to high
temperatures, active throughout the year, and can be transported easily. There
is no high technology involved in beekeeping so an illiterate person can start
this enterprise by taking training on all aspects of beekeeping. It is an
environment-friendly enterprise with no extra land needed and acts as an
additional income source thereby improving the standard of living.

The potential of beekeeping

The study was conducted fromJuly 2022 to March 2023 at Kavassery
village, Erattakulm Taluk in Palakkad.To carry out this work and to find the
objectives, a detailed structured interview schedule was used as a tool for data
collection, consisting of open-ended questions for collecting data from the
respondents. For the study, an entrepreneurial potential scae with 30
statements combined with five components; viz: innovativeness, economic
motivation, need for achievement, risk-taking ability, and self-confidence
(measuring instrument) was developed and anayzed exclusively for
beekeepers to know beekeeping potentials. The main objective of this study is
to identify key areas of research required to effectively evaluate the potential
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integration of beesin rubber smallholdings. The farmers with limited education
have to accept low-level employment and low wages from their employers in
the neighbouring localities. Some of them work as house helpers, farmers,
coolies, etc., and the integration of beekeeping in rubber plantation areascan
provide additional revenue streams to smallholders to boost socioeconomic
standards.The bee species used in the study is the Indian honeybee (Apis
cerana indica),which produces honey with potential health benefits and plays a
key role in balancing the ecosystem. For the practical implementation of
beekeeping in rubber plantations farmers and unprivileged women from the
rural areas of Palakkad District and students at Sree Narayana College, Alathur
were given training on Honeybee farming techniques for attaining higher
income with less investment.

Before starting a honey beekeeping project, the entrepreneurs/farmers
are generally advised to undergo training. The awareness of beekeeping and the
availability of training facilities and resources are inadequate in and near the
Sree Narayana College, Erattakulam, Alathur. Hence to provide training on
Honey bee-keeping to farmers and students both onsite and off-site giving
specia thrust on scientific production technology and marketing was planned
to be given. The 2-Day Workshop was successfully concluded with a field
exposure visit to the cage installed at the Sree Narayana College Campus.The
trainer discussed the different types of honeybees, different types of bee hives
such as Langstroth, Top Bar, and Warre hives used in beekeeping, the seasonal
management of honeybee colonies, and practical training on various aspects of
beekeeping. Understanding their lifecycle, the queen rearing, its introduction to
anew hive, and maintaining healthy colonies free from pests and diseases, are
the major aspects to be aware of successful in beekeeping. He described
thetypes of equipment used for Beekeeping such as knives, veils, caps,
smokers, etc. He demonstrated the installation of a new beehive and its
requirements. He explained the role of honeybees in the pollination of various
fruits and vegetabl e crops.

Honey, propolis, and beebread, which are the main product of
beekeeping, are primarily affected by species, surrounding vegetation, foraging
behaviour, resources, etc. Rubber trees with their extrafloral nectaries and
flowers provide an essential source and environment for bees to thrive.
Products at a very high price (stingless bee honey could fetch a price of
RM400/kg) could provide an excellent source of supplementary income for
rubber smallholders. Developing cosmetic products such as soap, cream,
lotion, etc will give additional value to beekeeping activities.
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Future Outcomes of the Training Program

To develop entrepreneurship skills among students and to make students
aware of opportunities in the apiculture industry.

The farmers of the nearby locality will be educated on scientific lines
regarding various aspects of Honey beekeeping. It will help them to
improve their knowledge and skills regarding scientific practices to
enable them to adopt the same.

Necessary assistance will be given for the setting ofa model Honey
beekeeping unit, bee boxes with bee Colonies, Tool Kits, and other
accessories for the farmers.

Field visits to apiaries will be arranged for progressive farmers and to
research stations which will motivate them to adopt good scientific
practices.

Capability among Honey beekeeping growers and processors will be built
to produce quality products.

Visits of farmers will be arranged to exhibitions/fields with the prime
objective of exposing them the technological innovations. The
information available on various websites on Honey beekeeping which
provides useful content will be shared with farmers.

Installation of 500 bee boxes in the neighbouring localities of the college.

Impact of the Beekeeping Training Program

After conducting training, the impact of the training was analyzed by
the evaluation sheet filled by the participants and most of the participants
(100%) were satisfied that the training was need-based and helped to sort out
the problems and questions that were in their minds before starting the training.
Many of the participants were satisfied with the theoretical and practical
sessions, moreover, they became a part of biodiversity conservation and
management. Efforts were made for the handling of honeybees by each
participant during exposure and practical sessions so that they may be
comfortable with the handling of bees and should not fear the bee stings while
handling bees in the future. The trainees gained knowledge on the importance
of bees for the pollination of crops and conservation of biodiversity and hence
showed their eagerness to adopt beekeeping for pollination services as well as
in honey production and its sale.
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Conclusion

The beekeeping activity was found very promising due to the
continuous requirement of nectar and pollen as a source of secondary income
to uplift their socio-economic conditions. The people were made aware of the
scientific ways of beekeeping, their management and handling, and the making
of Farmers Producer Organizations (FPO), especially for Honey and other bee
products. Whilst the above recommendations are general in nature — they
provide a framework for future research in the integration of stingless bee
keeping in rubber-growing areas. It should be noted that other challenges need
to be addressed to promote the new farming system, Subbey (2009), found that
the greatest challenges to the development of the honey industry were lack of
access to financial resources, weak organizational structures, unresolved land
usage rights, inadequate infrastructure and modern technologies for post-
harvest storage and processing of primary agricultural products.

For honey and beeswax production inadequate equipment, lack of
technical assistance, absconding of bees, and lack of capital havebecome the
crucial obstacles. Extension activities and regulatory programs including
technical support, training of beekeepers to improve skills and information in
quality assurance for marketing, effective management programs for pest and
disease control, and provision of appropriate harvesting, processing, and
packaging facilities help the beekeepers to succeed. In the study area
beekeeping has been practiced sideways with other agricultural activities and
there were no respondents who base their livelihood only on this sector.
Beekeeping plays a sustainable role in promoting biodiversity is an additional
source of income for farmers and supports the state’s agricultural ecosystem.
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Abstract

Microplastics are a pervasive environmental contaminant that can be
found both indoors and outdoors. Every area of dally life, including
technology, health care, and household appliances, is significantly impacted by
plastic. Consumers just after single uses typically discarded plastics anywhere,
which has become a significant environmental problem because the materials
wind up in junkyards, oceans, and other waterways causing pollution in the
atmosphere. The fact that these plastics are broken down into micro- and nano-
sized particles and thrown in such large quantities every day has raised
concerns about how harmful they are to both the environment and people.
Human lung tissue and sputum have both been discovered to contain
microplastics. An increase in oxidative stress caused by the effect of
transcriptome sequencing and gene alteration may be the main mechanism
behind nano plastic’s harmful effects on cells. This study offers details on the
toxicity of nano and microplastics in human lung cells a environmental
guantities thatmakes a better understanding of the risks associated with the
respiratory system. Nevertheless, more research is required to determine the
early health impacts of low-dose nano plastics on the respiratory system, which
are anticipated to represent the risk of atmospheric nano plastics. In this review
we explored the potential pathways for exposure of micro and
nanoplasticspresent in air and their influences in lung illness while also
outlining the shortcomings of the available research.

Keywords: Microplastics, respiratory system, nano plastics, lung diseases,
epithelial barrier dysfunction, oxidative stress
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I ntroduction

Plastic is one of the most manufactured materials across the world. It
has enormous impacts to our daily lifestyle from technology to tools.
Maximum of these used plastics are not properly disposed and discarded
anywhere in the environment causes a huge problem in environment ultimately
leading to the environmental pollution. These discarded plastics are further
broken down into the microplastics (<5mm) and nano plastics (<1000nm)
which has led worries about its toxic effect to human health and environment
[Gigault et al., 2018]. Year by year the production and uses of plastic is
increasing worldwide.

Plastics are made up from the natural resources via several physica and
chemical methods. Polymerization and polycondensation are the two primary
procedures that structurally change the basic components and convert them into
polymer chains [Shrivastava, 2018]. These polymer chains further undergo
various chemical procedures to be changed into plastic materials. Due to its
chemically stable nature the accumulation of plastics is increasing day by day
[Liu, 2017]. When plastic waste is discarded, it comes in contact with several
environmental factors and breaks down into large quantities of microplastics
which have less than 5 mm of diameter and nano plastics having diameter of
less than 0.1 mm [Yee, 2021]. Community behaviour, human activities, and
weather conditions all have an impact on the type of airborne microplastics and
its concentrations [Chen et al., 2020; Mbachu et a., 2020]. These microplastics
are present in internal and external environment and can be inhaled by human
due to its small size [Lu, 2022]. Studies have shown that the polymers used in
food and beverages have much lesser effect on human health than the polymers
present in indoor objects, materias, plastic debris [Rist et a, 2018]. Inhaled
small particles of plastic materials frequently cause respiratory problems due to
inflammatory reactions in the interstitium and airways, especially in exposed
workers [Prata, 2018]. Although the potential effect of nano-particles is still
under-studied. Here in this study the source of micro and nano particles, their
breakdown, toxicity level, potential impacts and possibilities Mechanisms on
respiratory health is discussed along with the suggestions for additional
research.

Resear ch M ethodology:

For the study an electronic search has been undertaken utilizing the
databases viz. Google, Google Scholar, Science Direct, and PubMed. The
timeframe used in this search was restricted from 2006 to 2021. Keywords
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used while searching microplastics, respiratory system, pulmonary toxicity,
nano plastics, respiratory diseases, lung diseases.

Sources of Microplastic and Nano Plastics:

Microplastics or nano plastics mainly derives from primary plastic
junks and its derivatives. Primary plastic wastes are dumped into the earth in
micro- or nanoscale form, coming from sources like persona care items,
nanomedicine, nanoimaging, and nanosensors. Secondary derivatives are
produced when plastics break down physically or chemicaly. [Lai, 2022].
Among these microplastics more than 80% is produced in soil where rest 20%
is originated from the sea. Magjority of the plastics that pollutes marine
environments mainly comes from terrestrial sources, fishing, various types of
aquaculture activities etc. however, through natural erosion micro and nano
plastics come into river this way. A study had been conducted on the role of a
municipal wastewater treatment plant (WWTP) sewage and coastal landfill to
evaluate the discharge of microplastics (MPs) input into the marine
environment. The study found that the daily discharge of microparticles into
the marine environment is approximately 227 million. As reported by the study
blue mussels are the responsible species for MPs entrance (<200 um) [Maria,
2019]. According to statisticsfrom the United Nations Environment
Programme (UNEP), total 4.8 to 12.7 million tonnes of plastic garbage were
produced in 2010, with an estimated 1.5 million tonnes ending up in landfills
(UNEP) [Mattsson, 2018].
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Sources and fate of micro- and nanoplastics in the environment
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Figure 1: Micro and Nano Plastic Sources in the Environment
Fate of Micro and Nano Plastics:

Two pathways that exist for breaking down of plastics into
microplastics and nano plastics are biodegradation and non-biodegradation. In
non-biodegradation processes the chemical bonds between plastics are broken
down and converts into its monomeric form by the use of water or UV rays
[Lucas, 2008]. The non-biodegradation process includes thermal and physical
decay, photodegradation (by the action of light) and thermo-oxidative
degradation of plastics. As the name suggests biodegradation this method
mainly mediated by environmental bacteria and microorganisms [Lambert,
2016]. Extracellular enzymes aso helped in this biodegradation process of
breaking down the chemical bonds of plastics[Y uan, 2020].
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Figure 2: Degradation mechanism: micro and nanoplastics under natural
phenomena

Entry Routes of Micro and Nano Plasticsin Human Body:

Micro and nanoplastic particles enter into our body through three main
routes: inhalation, ingestion and skin contact [Rahman, A, 2021]. Among all
these microplastics which are inhaled through the air are the synthetic fabrics
and rubber that mainly comes from urban dust [Prata,2018]. Ingestion of the
microplastics mainly happens through the food and water supplieg Carbery,
2018]. While they enter into human body by skin membranes through its hair
follicle, sweat gland or open wounds [ Schneider, 2009].

Pulmonary Exposure and Lung Injury:

A complex layer of lipids and proteins called surface-active substances
is present on the aveolar surface. These pulmonary surfactants create a
complicated structural air-water interface in the alveoli and reduces surface
tension, thus prevents alveolar collapse during exhale. Hence low amount of
energy is required for respiration [Lu,2022]. After providing nasal microplastic
drops (1-5 m, 300 g/20 I)to mice, it has been demonstrated that microplastics
can pass through the alveolar epithelial barrier of the respiratory system. Also,
the presence of microplastics were found in the alveoli, arlanes and
interstitium of the mice [Lu et a., 2021]. When microplastics were injected
into rats' tracheas at a maximum dosage of 2 mg/200 pl, the alveolar structure
was disrupted, and the bronchial epithelium was arranged in a disordered
manner [Fan et al., 2022].
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Lung Injury via Oxidative Stress:

Nano plastics are the most common pollutants, which has caused a lot
of people to worry about their toxicity. Research into lung injury and the
underlying mechanisms brought on by nano plastics is therefore urgently
needed [Lai, 2022]. Pulmonary epithelial cell that is located between the host
and the environment is in direct contact with airborne microplastics. A recent
study has been done on the effect of polystyrene nano plasticsinducediung
injury via activating Oxidative Stress. A transcriptome analysis was conducted
to fully understand the relevant genes and probable pathways that might be
involved in the cytotoxicity of BEAS-2B cells brought on bypolystyrenenano
plastics exposure. Additionaly, the study identified the primary TFs
(transcription factors) controlling DEGs and created a network of TF-mRNA
regulatory factors connected to oxidative stress. To conduct the study a control
group, a low-dose group, and a high-dose group was considered. These three
groupswere taken for transcriptome sequencing to check the dynamic
aterations of genes in BEAS-2B cells caused by polystyrene nanoplastics
exposure. In the two treatment groups, 1812 genesin total saw consistent trend
changes. Notably, amost 700 genes underwent significant alterations in cells
exposed to low doses but not high doses [Zhang, 2022]; these genes may be
essential at sublethal stages.The cells might be capable of returning to their
normal state if the irritating environment is eliminated. According to GO
analysis, one-fourth of the intersecting genes between the low-dose group and
the high-dose group, oxido-reduction process, oxidoreductase activity,
oxidoreduction coenzyme metabolic process and others oxidative stress was
associated with around. In one wordthe studyshowed that nano plastics reduce
the survival ofepithelia cells of human lung through an oxidative stress-
moderated mechanism [Zhang, 2022].

Effect on Cell Viability:

Polystyrene microplastics (PS-MPs) with diameter of 1 um and 10 pm,
acts as an environmental pollutant, was introduced to the cultured human
alveolar A549 cells for the sake of evaluation of the possible toxicological side
effects of microplastics on human cells. According to the preservation of cell
viabilities asconducted by trypan blue staining and Calcein-AM staining, it has
been observed that the both sizes of microplastics significantly reduced cell
growth but showed insignificant cytotoxicity.Even a 100 pg/mL
concentration, the cell viabilities did not fall below 93%(figure 3) [Goodman,
2021]. Despite these high viabilities, additional experiments showed that PS-
MP exposed cells had dramatically lower rates of proliferation and a declinein
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its metabolic activity. Additionally, the result of phase contrast imaging of
living cells at 72 h indicated that the uptake of numerouslum polystyrene-
microplastics into the cells causes significant morphological aterationsin cells
when exposed to microplastics. This study finds that microplastic pollution to
human exposure has many serious side effects and poses a great risk factor to
their health| Goodman, 2021].

72 hours incubation

No microplastics

+ 1um microplastics

+ 10pm microplastics o o]
.32 N Yat %
o
Figure 3: Effect of Microplastics on Cell Viability

Conclusion

Researchers have investigated microplastics with  chemical
compositions, particle sizes, and concentrations to study its negative impacts
on the environment. The most popular among al these are polystyrene
microplastics. The real world does not contain just them only but organic or
metallic ions adsorbed on their surfaces. In terms of adverse impacts on people,
microplastics and these chemicals work in concert. Therefore, in-depth
research is required to determine how exposure to numerous microplastics in
combination affects lung health. Despite the little researches on the negative
effects of microplastics on respiratory health, it is undeniable that these
materials can really have harmful impacts. This review outlines the potential
risks and processes of airborne microplastics' adverse impacts on respiratory
health. Meanwhile, we urge greater focus on microplastics and the risks they
bring to respiratory health.
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I ntroduction

People frequently associate the term "artificial intelligence" with killer
robots and supercomputer overlords. Artificial intelligence undoubtedly carries
significant concerns, including the possibility of autonomous weaponry and
certain social media functions. However, artificia intelligence is capable of
more. The internet, self-driving cars, and healthcare are just a few of the areas
in which artificial intelligence has already impacted our lives. Artificia
intelligence has also been successfully used in microbiology for a number of
purposes, such as drug development, microbe imaging, and diagnostics.
Artificia intelligence, like many other inventions, can be used for good or
harm. It can relieve us of tiresome and repetitive duties, raise the standard of
healthcare, and positively impact our lives.

A wide range of tools and applications are used to create artificia
intelligence, which is used to make films like The Matrix and Terminator, in
which an intelligent supercomputer hunts and enslaves humanity.
Alternatively, they recall films such as 2001: A Space Odyssey and Alien, in
which a spaceship's robot turns rogue and chooses to prioritize the mission over
the lives of its human crew members.

The genera people should be aware of the possible advantages and
difficulties of artificial intelligence. Since the last Industrial Revolution,
research and technological advancements have not been expected to have a
greater positive impact on our lives than artificia intelligence.

Artificial intelligence
The Industrial Revolution has so far taken place three times.

Technologica advancements like the steam engine, which significantly
reduced the need for human arm strength and replaced it with machine power,
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served as the catalyst for the First Industrial Revolution. This had a profound
effect on people'sdaily lives and on society.

The telephone, telegraph, and electrical power were among the
innovations that enhanced the Second Industrial Revolution. Similar to earlier
industrial revolutions, this one brought about significant changes in how people
worked, lived, interacted with one another, and passed their leisure time.

The Third Industrial Revolution powered by inventions such as
computers and digital cellphones, which became widely used by the genera
public. Internet, which most of us cannot imagine live without nowadays, was
also invented during this period.

We live in the time of the Fourth Industrial Revolution. It is expected
thatit will lead to equally profound, if not greater, changes to our lives as
theprevious three Industrial Revolutions. And this time it is artificia
intelligence, which is among the key research and technology advances fueling
the fire of change.

Long gone are times owning the Commodore 64 with a whopping 64
kilobytes (KB) of operationa memory (RAM) and later the first Pentium-
powered computer. Personal computers and mobile devices nowadays pack
more computing power than the fastest supercomputers of that era.

In essence, neural networks are programs, which consist of a set of
nodeswired together and resembling neurons in the human brain. Figures 1 and
2 show simplified views of a single artificia neuron and of the wholeneura
network, respectively.

Artificial neuron

Artificial neuron

Weight A —_—
Input A
Weight B Output
el Neuron e
Input B
Weight C
Input C Bias b
O

Fig. 1 Artificid neuron. Schematic view of artificial neuron. Output is
calculatedfrom the weights of each input and bias of the artificial neuron
Neural Network
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Neural Network
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Hidden Output

In put Layers Layer
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Fig. 2 Neural network. Schematic view of a neural network composed of input,
hid- den, and output layers of artificial neurons

Let’s look first at individual artificial neurons. Into one end of
thissingle- neuron system is fed the input information and each input has
itsown weight. Artificial neuron processes this information and based on
theweights of each input and bias of the artificial neuron calculates theoutput

(Fig.1).

These artificial neurons are arranged in layers to form neural networks:
an input layer, one or more hidden layers, and an output layer. The final output
of a neura network is determined by the weights of connections between
artificial neurons (Fig. 2).

To complete complex tasks, including making predictions, neural
networks must learn from the large amounts of data that are provided to them.
Machine learning and deep learning are two subfields of artificia intelligence
that concentrate on learning elements of Al.

Machine learning

Artificia intelligence has an area called machine learning. Supervised,
unsupervised, and semi-supervised learning are among the machine learning
techniques (Botvinick et al. 2020; Choi et al. 2020a; Lo Vercio et a. 2020;
Glielmo et a. 2021; Roscow et al. 2021; Eckardt et al. 2022). 2022). As the
name implies, supervised learning necessitates close supervision and
involvement. To train for certain tasks, annotated data is also required. Because
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it is frequently difficult to collect annotated data, supervised learning
necessitates the use of skilled humans to annotate data.

Not a lot of input or data annotation is needed for unsupervised
learning. It enables computers to find patterns in datasets and resolve issues
even in cases where they are not trained for.

The characteristics of both supervised and unsupervised learning are
combined in semi-supervised learning. It works best with datasets that have
both annotated and unannotated data. Each of these machine learning
techniques has benefits and drawbacks, making them appropriate for various
jobs. Combining several learning methodologies may consequently be
necessary to build better artificial intelligence systems.

Deep learning

Deep learning is a subfield of machine learning that is especially useful
for finding patterns in big, high-dimensional datasets. Following the
groundbreaking research on neural networks conducted in the middle of the
20th century, a number of noteworthy developments have been made
(Fukushima 1980; Hopfield 1982; Fodor and Pylyshyn 1988; Eberhart and
Dobbins 1990; McCulloch and Pitts 1990; Hinton et a. 1995; Hochreiter and
Schmidhuber 1997; Wang and Terman 1995, 1997; Wang and Brown 1999;
Hinton et al. 2006; Soman et al. 2018).

However, this area has not seen much progress. Neural network
research was even on the verge of being discontinued for awhile. The fact that
computers at the time lagged behind theoretical research on neural networks
was one of the causes of it.

Artificial Intelligencein Microbiology

Healthcare artificial intelligence

Artificial intelligence has advanced at an exponential rate due to
increased processing power. Artificial intelligence in healthcare saves doctors
time by relieving them of time-consuming and repetitive chores, giving them
more time for making decisions and interacting personaly with patients.
Additionally, by treating more patients, this increases the effectiveness and
efficiency of healthcare. Personalized medicine is an excellent illustration of
how artificial intelligence is being used in hedthcare. Training artificia
intelligence can be done with big information, like genetic profiles of past
patients, X-ray pictures, and different test findings. It can then forecast and
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diagnose a variety of ailments based on learnt information, and it can suggest a
course of treatment that will probably be effective for each patient. Artificial
intelligence can recommend personalized treatment options foravariety of
disorders, such as high blood pressure, diabetes, and cancer (Chaikijurajai et al.
2020; Subramanian et a. 2020).

Conventiona cancer treatment may not always be the most effective
because it frequently employs a similar strategy for each patient. Based on each
patient's unique genetic profile, artificial intelligence may suggest a
personalized cancer treatment plan (Rafique et a. 2021; Esteva et al. 2022;
Hwang et al. 2022). The diagnosis of breast cancer and the prediction of the
most effective course of treatment have both been successfully accomplished
by artificial intelligence (Corti et a. 2022; Dang et al. 2022; Fong et a. 2022;
Marinovich et al. 2022; Shamal et al. 2022; Taylor-Phillips et al. 2022; Wu et
al. 2022). Lung cancer has also been diagnosed, treated, and prognosed with
the aid of artificial intelligence. (Choi et a. 2022; Churchill et a. 2022;Hosny
et a. 2022; Kim et a. 2022; Pel et a. 2022; Wang et a. 2022).

Since diseases are the result of the combination of numerous genes and
risk factors, artificial intelligence may also be used to discover the genes and
risk factors that are involved. Artificial intelligence may have a significant
impact on several allments, such as Alzheimer's disease, heart issues,
schizophrenia, aging, and various metabolic disorders. (Wang et al. 2018; Wu
et a. 2019; Li et al. 2020b; Ghazal et al.2022; Rahman et al. 2022).

Drug discovery

However, this is only a small portion of the uses of Al in the medical
field. Numerous additional biomedical applications have aso effectively
incorporated artificia intelligence (Cao et al. 2018; Levine et al. 2019; Liu et
al. 2019). Artificial intelligence has aso been used in microbiology for a
number of purposes, such as drug development and microbe imaging and
diagnostics. (Riordon et al. 2019; Draz et al. 2020; Stokes et al. 2020).

Conventional methods for drug development are labor-intensive and
time-consuming. As a result, they frequently are unable to keep up with the
harmful microbes and their rapidly evolving new mutations. Artificia
intelligence can navigate through enormous databases of high-through put test
findings and enormous libraries of possible antibacterial agents and their
biological and chemical properties more quickly than traditional methods can.
Artificial intelligence has the ability to identify medications that are most likely
to be successful against particular diseases and bacteria based on data gleaned
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from these datasets. (Bender et a.2007; Stephenson et al. 2019; Neves et al.
2020; Stokes et al. 2020;Zahradnik et al. 2021).

Artificial intelligence has been used for the successful identification
ofdrugs against a broad spectrum of microorganisms. Example of a drug
against bacteria identified by artificial intelligence is Halicin. It has been
selected by artificial intelligence from the database, which contains more than
200 million compounds, as a promising drug against antibiotic-resistant
bacteria. Laboratory tests confirmed antibacterial activity of Halicin against
many antibiotic-resistant bacteria (Stokes et al. 2020; Zhang et al. 2021Db).

Artificial intelligence used screening of a second database containing
amost two million chemicals to identify many promising anti-maarial
medicines with minimal cytotoxicity and strong activity predictions. The
chosen compounds do, in fact, show potent antimalaria action and low
cytotoxicity, according to experiments conducted later (Neves et a. 2020).

Artificial intelligence has discovered severa possible antivira
medications from millions of substances in databases, in addition to germs and
parasites. These comprise, for example, HIV-fighting potential medications
and antiviral peptides. (Andrianov et a. 2022).

It has al'so been effective to use artificial intelligence to find prospective
medications that combat SARS-CoV-2. Artificia intelligence screening of
large compound databases has identified several compounds that may be useful
in the fight against SARS-CoV-2. It has adso emphasized a number of
medications that have been shown to have antivira qualities against other
viruses and that may be modified for use against SARS-CoV-2.

Artificial intelligence either chose these substances and medications
based on their shown ability to suppress viral reproduction, reduce
inflammation, or serve as an antiviral against other viruses. Some, like the
ACE2 receptor and TMPRSS2, were also chosen because of their propensity to
interact with SARS-CoV -2 proteins and host cell proteins that are necessary for
cell entrance. (Beck et a. 2020;Choi et a. 2020b; Nand et al. 2020; Ton et al.
2020; Zeng et al. 2020; Baiet al. 2021; Zahradnik et a. 2021).

Even with artificial intelligence's numerous achievements in drug
discovery, certain obstacles still need to be overcome. Artificial intelligence-
driven searches, for example, frequently target a single category of data. They
just sort through chemo-informatics data; they don't combine it with
information from microscopic imaging, clinical, molecular biology, or cellular
biology (Zhang et al. 2021b). Therefore, it may be able to incorporate these
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various types of data in future Al-based drug development searches to identify
the most promising compounds against particular pathogenic microbes.

The black box aspect of artificia intelligence-powered systems presents
another difficulty. Although we are aware of the input and output that were
supplied into the system, it is not always evident what transpired in between.
Thus, creating more understandable artificial intelligence-powered systems is
one of the difficulties for this field's future study. Enhancing the
comprehensibility of the system's reasoning would be advantageous not only
for broad research but also for creating more dependable and effective drug
discovery searches and simplifying the evaluation of the possible medications
chosen by artificial intelligence (Zhang et a., 2021b).

Artificial intelligence can assist curb the spread of dangerous microbes
by expediting the medicine research process.

Imaging and diagnostics

Numerous microscopic images are produced by microbiology research.
These are employed in the identification of pathogenic bacteria during clinical
diagnostic procedures. However, it takes a lot of time and skilled workers to
produce high-quality microscopic images and evaluate them. It is an expensive
and difficult task, especialy in developing nations where there are frequently
neither microscopes nor skilled personnel to operate them. Even with
conventional computing tools, it is challenging to interpret the vast amount of
acquired microscopic pictures. (Goldsmith and Miller 2009, Das et a. 2015,
Stévenin andEnninga 2019, Li et al. 20203, ¢, Zhang et a. 20214).

The speed and accuracy of diagnosing various microorganisms can be
significantly increased with the use of artificia intelligence-powered
microscopes. The identification of viruses in transmission electron microscopy
pictures has been accomplished with the use of artificia intelligence. In these
investigations,  artificial  intelligence  out  performed  professional
microbiologists in the detection of human cytomegalovirus, feline calicivirus,
adeno-associated virus, and human enterovirus 71 (Devan et a. 2019;
Matuszewski and Sintorn 2019; Xiao et al. 2020; Shaga Devan et al. 2021).

Additionally, artificial intelligence performed well when it came to
identifying various germs in tiny photos. Numerous bacterial species, including
Escherichia coli, Vibrio, Pseudomonas, Bacillus subtilis, Klebsiella aerogenes,
and Klebsiella pneumoniae, have been successfully discovered in these
experiments. Notably, in these investigations, artificial intelligence was
employed to examine not just typical microscopic pictures but also blood
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culture gram stains and 3D microscopic images (Zielinski et al. 2017; Hay and
Parthasarathy2018; Smith et al. 2018; Lugagne et al. 2020; Zhang et al. 2021a).

Artificial intelligence has demonstrated strong performance in
identifying minute fungus, including yeast, in microscopic images, in addition
to viruses and bacteria. It's interesting to note that many fungal spore types,
such as Aspergillus and Cladosporium, were also identified in these
investigations by artificial intelligence in addition to fungal cells (Tahir et al.
2018; Zielinski et al. 2020).

Additionally, the successful detection of several parasites in
microscopic images has been attributed to artificial intelligence. These research
have identified Plasmodium, Toxoplasma, and Babesia parasites. Numerous
identification investigations using artificial intelligence have focused on the
malaria causative agent, Plasmodium.

In blood smear microscopy images, including those evaluated by
smartphones, Plasmodium was successfully recognized with artificial
intelligence-controlled application (Quan et al. 2020; Yang et al. 2020;
Abdurahman et a. 2021; Kassim et a. 2021). Plasmodium detection via a
smartphone could potentially address the shortage of skilled microbiologists in
developing nations. In other investigations, artificial intelligence systems were
able to identify these parasites in microscopic images by using transferred
knowledge about their unique morphologies and geometric shapes. For
example, under a microscope, Plasmodium is known to resemble a ring,
whereas Toxoplasma and Babesia are known to resemble bananas and pears,
respectively. In the future, a similar method based on geometrical properties
might be used to other kinds of microbes, such fungi, bacteria, and viruses
(Jiang et a. 2020, Li et al. 20203, ¢, Zhang et a. 2021a, 20223, b).

Even with the effective use of artificia intelligence in imaging and
microbe identification, there are still certain obstacles to overcome. For
example, artificial intelligence might be used to identify microorganisms in
fluorescence microscopy photos, rather than the norma microscopy and
transmission electron microscopy images utilized in the experiments mentioned
above.

Future microscopes and systems driven by artificia intelligence may be
able to diagnose different kinds of germs from different kinds of microscopic
images and tell medical professionals about the course of a disease.

However, perils often accompany artificial intelligence's quick
advancements. The most evident dangers stem from their military applications.
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While certain military systems already employ artificial intelligence, fully
autonomous weapons pose the true threat in this field. The artificial
intelligence-controlled drone's operator still makes the option to fire a weapon
or drop a bomb. Furthermore, we have to make sure that in the future, artificia
intelligence is not allowed to make this choice.

The incorrect application of artificial intelligence in social media poses
a less serious risk but has far-reaching effects. Artificial intelligence in social
media, when misused, can push people into dangerous socia circles and cause
them to act and behave in ways they might not have otherwise.

Even with current technology, artificial intelligence still makes
mistakes from time to time. It may, for example, misidentify items in a
photograph. Therefore, it is preferable to involve humans in the decision-
making process whenever possible for safety considerations, especidly in
situations where artificial intelligence is unsure of the optimal course of action.

Artificia intelligence can swiftly sift through enormous databases of
chemical compounds to find the most promising candidates in the process of
developing new medications to treat microbiological diseases. However,
human beings conduct safety evaluations and grant ultimate permission for the
drug's use.

Artificial intelligence in diagnostics can swiftly sift through enormous
volumes of microscopic images and identify those that need physicians' careful
attention. Cooperation between humans and artificia intelligence therefore
seems to be the best way forward. By cooperation, humans and artificia
intelligence can augment each other and leveragetheir strengths to achieve the
best overall outcome.

Presently seen in many systems around us, artificial intelligence is a
relatively specific and limited field. It is proficient in speech and language
recognition, illness diagnosis, prediction, and treatment, and it can even
outplay us at our hardest video games. It can compete with us or perhaps
outperform usin some activities.

We anticipate that artificial general intelligence will develop and
proliferate in the upcoming stage. Artificia genera intelligence systems have
several benefits. For example, narrow artificial intelligence systems that are
already in use require specialized development and substantial training for
particular jobs. Moreover, at that point, their only usefulness is limited to the
task for which they were taught.
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Conversely, artificial genera intelligence is capable of generalization
and the pursuit of novel ideas. Asaresult, it may be adjusted to a wide range of
jobs. Artificial genera intelligence is capable of simultaneously processing a
wide range of inputs, including text, pictures, voice, and video. Even non-
experts without a background in computer science can utilize it. By entering
data into the system, non-specialists may ssimply train and modify it for certain
purposes. Artificial genera intelligence would probably learn from human
interactions and start to take more of our values into account when making
judgments.

We might witness the advent of artificial superintelligence in the next
stage. Many scientists and technology experts are confident that artificial super
intelligence is on the horizon, even if we are still a long way off. Without
biological constraints, artificial intelligence is likely to outperform humans
quickly once it reaches our level. It is therefore imperative that we ensure that
it is consistent with our values.

Artificial intelligence can be used for good or harm, much like many
other inventions. It can free us from time-consuming, monotonous jobs, giving
us more time for creative endeavors. Robots with deadly intent and
supercomputer overlords are not the same as artificial intelligence. It has the
power to enrich our lives and raise the standard of healthcare.
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I ntroduction

Biological resources are the most important primary source of material
basis for human living and sustainable development. They are the most
significant treasure reserve of Mother Nature to whole human beings as well as
strategic resources for a country. Biological resources embody natural
resources of plants, animals, and microorganisms. One of the major challenges
facing humanity in the 21st century is how to resolve the paradox of the
increasing demand on biological resources vs. our sustainability in future. The
confluence of our knowledge intending to solve this paradox is managed
hopefully to quickly develop revolutionary biotechnologies in order to develop
new supper varieties to pace up with the fast and continual economic and social
devel opment.

New technology has accelerated the process, transforming native
genetic resources into commercial products, mainly developed by companies
from countries at a different scae of industrialization. They include the
production of certified seeds for agriculture and forestry, production of dyes,
medicines, bio-fertilizers and bio-pesticides, as well as high quality fibers and
fuels.

Sustainable agriculture for profitable crop production and food security
is becoming an essential part of globa civilisation under ever-changing
climatic conditions. Use of chemical fertilizers in this scenario is mostly
preferred to enrich soil nutrient status for rapid production and productivity of
crop plants. Over the period of time, application of chemical fertilizers above
threshold limit leads to decreased soil fertility, lesser crop yield, emergence of
pests and disease, loss of biodiversity and environmental pollution. Imbalanced
application of chemical fertilizers also causes low nutrient use efficiency, high
mineral leaching, low nutrient assimilation potency, depletion of organic
matter content and deficiency of secondary and micronutrients in soil and
plant. Too much dependence on chemical fertilizer like ammonia, urea, nitrate
or phosphate compounds in agriculture leads to severe damage to both
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environmental ecosystem as well as anima and human health. This has made
the environmentalists and agricultural scientists to search for a nontoxic eco-
friendly alternative to achieve the desired goal, to increase the agriculture
productivity without associated side problems.

Microbiome:

Etymology

The word microbiomewas from the Greek word, micro meaning
"small" and bios meaning "life". It was first used by J.L. Mohr in 1952.

Definition:
“The microbiome is the community of microorganisms (such as fungi,
bacteria and viruses) that exists in a particular environment”.

Microbiome may be of various types namely, Plant microbiome, animal
microbiome, ocean microbiome etc. The microbiome has been defined as "a
characteristic microbial community occupying a reasonably well-defined
habitat which has distinct physio-chemical properties. The term thus not only
refers to the microorganisms involved but also encompasses their theatre of
activity”.

Plant microbiome:

Plant microbiome also known as the phytomicrobiome, plays roles in
plant heath and productivity in agriculture and has received significant
attention in recent years. Plants live in association with diverse microbial
consortia. These microbes, referred to as the plant's microbiota, live both inside
(the endosphere) and outside (the episphere) of plant tissues, and play
important roles in the ecology and physiology of plants. "The core plant
microbiome is thought to comprise keystone microbial taxa that are important
for plant fitness.

The study of the association of plants with microorganisms precedes
that of the animal and human microbiomes, notably the roles of microbes in
nitrogen and phosphorus uptake. The most notable examples are plant root-
arbuscular mycorrhizal (AM) and legume-rhizobial symbioses, both of which
greatly influence the ability of roots to uptake various nutrients from the soil.
Some of these microbes cannot survive in the absence of the plant host
(obligate symbiontsinclude viruses and some bacteria and fungi), which
provides space, oxygen, proteins, and carbohydrates to the microorganisms.
The association of AM fungi with plants has been known since 1842, and over
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80% of land plants are found associated with them. It is thought AM fungi
helped in the domestication of plants.

Mok

Diverse microbial communities of characteristic microbiota are part of
plant microbiomes, and are found on the outside surfaces and in the internal
tissues of the host plant, as well asin the surrounding soil.

Traditionally, plant-microbe interaction studies have been confined
to culturable microbes. The numerous microbes that could not be cultured have
remained uninvestigated, so knowledge of their rolesis largely unknown. The
possibilities of unraveling the types and outcomes of these plant-microbe
interactions has generated considerable interest among ecol ogists, evolutionary
biologists, plant biologists, and agronomists. Recent developments
in multiomics and the establishment of large collections of microorganisms
have dramatically increased knowledge of the plant microbiome composition
and diversity.

Green Agriculture:

Green agriculture is farming practices that uphold and enhance farm
productivity and profitability on a sustainable basis, decrease adverse
externalities and reconstruct lost ecological resources with greater efficiency
by minimizing pollution. In general, green agriculture is localy adaptable
agricultural procedures and authentic market-driven certifications such as Good
Agricultural Practices (GAP), organic farming and conservation agriculture
and related techniques in which bioinoculants play a very crucia role by
maintaining soil heath. A change of mind-set and paradigm shift towards
green agriculture and green economy may save the agroecosystem from further
degradation.
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Role of Bioinoculantsin Green Agriculture:

Bioinoculants are formulations comprised of microbes used as atool in
green agriculture. In phyto-microbiomes, microbes are abundant and they form
holobiont in association with plant and plants flourish with microorganisms
association. The microbes of rhizo-microbiomes play a significant role in the
growth and development of plants. Microbes have the capacity to assimilate
and acquire essentia nutrients of plants, improve soil physicochemical
properties, and modulate secondary metabolites, antibiotics, plant hormones
and various signal compounds. Additionally, microbes secrete different
biostimulants, which play important roles in influencing physiological and
metabolic activities. Different beneficial microorganisms have been considered
for green agriculture to improve nutrient availability in the rhizosphere and
uptake, tolerance of abiotic and biotic stress.

Plants require inorganic minerals for their nutrition, growth and
development, of which phosphorous (P), nitrogen (N), potassium (K), calcium
(Ca), magnesium (Mg) and sulfur (S) are known as macronutrients, while
micronutrients are copper (Cu), manganese (Mn), zinc (Zn), boron (B),
molybdenum (Mo), iron (Fe) and chlorine (Cl). The micronutrients are found
in plant tissues in a very less concentration (<0.01% of the dry weight of plant
tissues). Some plants like legumes, wheat, barley, citrus, peach aso require
nickel (Ni) and the urease enzyme consists of Ni that takes part in the
hydrolysis of urea in tissues. There are some more minerals in the list which
are found as important to some plants grown in a specific environment and
these are duminium (Al), cobalt (Co), selenium (Se), silicon (Si) and sodium
(Na), but the essentiality of these elements has not been recognized. These
nutrients are present in nature in different forms and microbia inoculants
assimilate and ensure bioavailability to plants. Microorganisms get involved in
composite processes in nutrient assimilation in plants and facilitating the
growth of the plants. Bioinoculants flourishing in the neighbourhood of roots
enhances plant health by increasing uptake and availability of nutrients through
the process of N fixation, P solubilization and mobilization, K mobilization and
other micronutrient mobilization

Biofertilizers:
Definition:
“Biofertilizers are substances that contain microorganisms like bacteria,

fungi, algae etc., which when added to the soil increase its fertility and
promotes plant growth.” These biofertilizers can aso be applied to seeds and
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plant surface which promote plant growth by increasing the supply of essentia
nutrients to the plants.

The most commonly used biofertilizers are:
1. Nitrogen fixing biofertilizers
Example: a. Freeliving: Azotobacter
b. Symbiotic: Rhizobium
Example: Associative symbiotic: Azospirillum
2. Phosphorous solubilizing biofertilizers
Example: a. Bacteria: Pseudomonas striata
b. Fungi: Penicillium spp. Aspergillus spp.
3. Phosphorus mabilizing biofertilizers
Example: a.Arbuscular Mycorrhiza: Glomus spp.
b.Ectomycorrhiza: Amanita spp.
c.Endomycorrhiza
4. Plant growth promoting rhizobacteria
5. Biofertilizersfor micronutrient
1. Nitrogen fixing biofertilizers

N is required in the desired quantity to plants because it is constituent
of amino acids (used in forming protoplasm), enzymes, chlorophyll and several
vitamins and is indispensable for physiological and developmental mechanisms
of plants. In absence of enough N in unfertile soil, plants are unable to perform
all necessary processes. To fulfil the requirement of N exogenous application
of manures and fertilizers are common in crop production. However, N is
abundant in the atmosphere and capturing of atmospheric N biologically is
possible, in which different microorganisms play a pivotal role and the process
is known as biological nitrogen fixation (BNF). Nitrogenase is the most
important enzyme involved in nitrogen fixation. Bacteria like
Azotobacter species have several types of nitrogenase enzymes. Rhizobium
and Azospirillum are the majorly used nitrogen fixing bacteria. Rhizobium has
the ability to develop symbiotic association with the roots of legumes, due to
which it is used as biofertilizer in the cultivation of leguminous crops.
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2. Phosphor ous solubilizing biofertilizers

Phosphorus is one of the essentia plant nutrients. It is second only to
nitrogen and is considered one of the most growth-limiting macronutrients of
plants. Soil is rich in insoluble phosphates. But it is deficient in soluble
phosphates, which can be absorbed by plants. Plants absorb phosphorus in the
form of orthophosphate. Phosphorus deficiency severely restricts plant growth,
development, and yield. In order to overcome P scarcity in the agricultural soil,
phosphorus fertilizers are added. In fact, phosphorus is the second most applied
nutrient in agriculture. Soil microorganisms play an essentia role in the P
cycling and phosphorus nutrition of plants. Some microorganisms participate in
mineral phosphate solubilization and facilitate phosphate mobilization in the
soil.

Phosphate solubilizing microorganisms are the microbes that have
mineralization and solubilization potential for organic and inorganic
phosphorus, respectively. Phosphorus solubilizing activity is determined by the
ability of microbes to release metabolites such as organic acids, through which
their hydroxyl and carboxyl groups chelate the cation bound to phosphate, the
latter being converted to soluble forms. Phosphate solubilization takes place
through various microbia processesymechanisms, including organic acid
production and proton extrusion. A wide range of microbial P solubilization
mechanisms exist in nature, and much of the global cycling of insoluble
organic and inorganic soil phosphates is attributed to bacteria and fungi.
Phosphorus solubilization is carried out by a large number of saprophytic
bacteria and fungi acting on sparingly soluble soil phosphates. Among different
microbes, bacterial species from generaBacillus, Pseudomonas,
and Rhizobium, fungal species from generaPenicillium and Aspergillus,
actinomycetes, and arbuscular mycorrhizae are popular phosphate solubilizing
microbes inhabiting the soil.

3. Phosphorus mobilizing biofertilizers

Phosphate mobilizing microorganisms are the microbes that participate
in the mobilization of phosphorus in the soil. The mgority of phosphate
mobilizing microbes are phosphate solubilizing microorganisms. They release
phosphorus from the insoluble and fixed forms of phosphorus in the soil. As a
result, soil P availability increases and the plants are able to absorb phosphorus
in a sustainable manner. Phosphate mobilizing microbes mobilize phosphorus
by changing pH and aso by producing chelating substances. The terms
phosphate solubilizing and phosphate mobilizing are interchangeably used to
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refer to phosphate solubilizing microorganisms. Phosphate mobilizing
microbes are involved in the transformation processes of soil P.

4. Plant growth promoting rhizobacteria

Plant-growth-promoting rhizobacteria (PGPR) are a promising potential
tool to sustainable agricultural production. PGPR are a group of bacteria that
can improve growth by different mechanisms. Many species of PGPR enhance
the availability of essentia nutrients and improve the efficiency of the applied
nutrients, provide growth hormones to the plants, and improve plant resistance
against pathogens and abiotic stress. Kosakonia radicincitans (formerly
Enterobacter radicincitans) is a bacterium belonging to the PGPR, which is
able to colonize plant surfaces and tissues. K. radicincitans can provide many
advantages to plants due to its ability to fix atmospheric N, solubilizing P,
producing growth hormones, and inhibiting pathogenic fungi. Other examples
for PGPR are as follows:Favobacterium, Streptomyces, Xanthomonas,
Agrobacterium, Achromobacter, Alcaligenes and Arthrobacter.

5. Biofertilizers for micronutrient

Micronutrients are important for plant growth, as plants require a
proper balance of al the essential nutrients for normal growth and optimum
yield. The essential nutrients derived from the soil are referred to as
micronutrients, because they are needed in small amounts. They are boron (B),
chloride (Cl), copper (Cu), iron (Fe), manganese (Mn), molybdenum (Mo),
nickel (Ni) and zinc (Zn).

Examples. a Potassum solubilizers: Bacillus edaphicus, B.
mucilaginosus, and Paenibacillus glucanolyticus.

b.Silicate and zinc solubilizers: Bacillus subtilis, Thiobacillus
thioxidans, and Saccharomyces sp

Composite inoculants

The combination of strains of Plant Growth  Promoting
Rhizobacteria (PGPR) has been shown to benefit rice and barley. The main
benefit from dual inoculation is increased plant nutrient uptake from both soil
and fertilizer. Multiple strains of inoculant have also been demonstrated to
increase total nitrogenase activity compared to single strains of inoculants,
even when only one strain is diazotrophic.
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Example: PGPR and arbuscular mycorrhizaein combination can be
useful in increasing wheat growth in nutrient poor soil and improving nitrogen-
extraction from fertilized soils.

Effective Microorganisms

Effective microorganisms (EM) are microbial inoculants that stimulate
plant growth and soil fertility in agriculture. Generally, EM suspension
contains a group of microorganisms such as lactic acid bacteria, yeast, and
photosynthetic bacteria. These microorganisms have unique activity by virtue
of which they help in improving plant growth. For example, lactic acid bacteria
produce lactic acid and suppress many pathogens. The application of EM has
been found to improve soil health and soil biodiversity. It has aso been
reported to improve plant growth, yield and nutritional quality of crops. The
application of EMs has aso been found for composting and water quality
improvement

Disadvantages of Biofertilizers:
Biofertilizers in agriculture comprises some major problems such as,
1. Poor shelf-life
2. Specific biofertilizer for specific crop

3. Instability in field due lack of prescribed soil and environmental
conditions (temperature, radiation, pH sensitive),

4. Require specific storage conditions,

5. Limited availability of beneficial microflora, susceptible to desiccation
and large dosage etc.

To overcome all these constraints nanoparticle-based formulations of
biofertilizers have been developed to get more efficient and enhanced
productivity of crops.

Nanobiofertilizers:

Nanotechnology presents a solution through nano biofertilizers which
have a promising future in the field of sustainable agriculture management.
Nano biofertilizers will act as a potential “nutrient booster” allowing the slow
and sustained release of nutrients to plants throughout the growth period.
Wherever possible, organic manures and other organic materials should be
used in an integrated fashion with nano-based fertilizers to ensure efficient and
effective nutrient use as well as better soil health. Nano-biofertilizer could

133 | ISBN: 978-93-94638-75-4



Advance Research Trendsin Biology

promote several benefits to plants, i.e., dow-release characteristics, enhanced
stability of functional ingredients, use of small dose, limited nutrients loss by
degradation and leaching, masking soil nutrient depletion and improving crop
yield attributes. Hence, nano biofertilizers are considered as future of
sustainable agriculture as they are intrinsically environmentally friendly as well
as economical. Nowadays, bio-fertilizers being eco-friendly microbial
amendments (bacteria, fungi, agae), highly proclams sustainability in
recharging soil nutrients without any disruption of soil-microbiome interaction.

“Nano-biofertilizer” is defined as a hybrid combination of nano and
biofertilizer developed by the formulation of organic fertilizer (biofertilizer) to
nanosize (1-100 nm) with the help of certain nanomaterial coating. The
materials used to make nano particles are metal oxides, ceramics, silicates,
magnetic materials, semi-conductor quantum dots, lipids, polymers,
dendrimers and emulsions. The nano materials (chitosan, zeolite and polymers)
used for coating help in the slow and constant release of nutrients to plants.
The nanoparticles act as versatile tool to protect biofertilizer components
containing plant growth promoting rhizobacteria (PGPR) thereby enhancing
their shelf-life.

Advantages of Nano-biofertilizers:

» Nano formulations may enhance the stability of bio-fertilizers and bio-
stimulators with respect to desiccation, heat, and UV inactivation.

» Application of nano-biofertilizer can increase plant yield and quality by
improving photosynthesis, nutrients absorption efficiency, photosynthate
accumulation and nutrients translocation to the economic parts.

» Nano-biofertilizer augment the soil nutrient status by various mechanisms
like nitrogen fixation, solubilization and mobilization of phosphates,
production of siderophores and synthesis of plant hormones.

» The PGPR in nano-biofertilizer (bioorganic component) help in nitrogen-
fixation, phosphate-solubilizing and help in restoring soil fertility while
nanomaterials help in the slow and steady release of nutrients as per crop
demand in a synchronized mode.

» It adso increases resistance against pest and disease pathogens in plant by
acting as resistance inducing agent. The nano claycoated biological agent
like Trichoderma sp. and Pseudomonas sp. are used to control fungal or
nematode disease in rabi crops. It also provides crop resistance against
abiotic stresses.
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Biofilm:

Biofilm is the community of micro-organisms, developed in vitro by
accumulating altogether with adhesive forces embedded in a matrix containing
polymers that can secrete extra cellular polymeric substances (EPS) for self-
protection from various environmental stresses. It enhances nutrient cycling
and availability, bio-control of pests and diseases, and improves soil fertility as
well as productivity. Microorganisms that can easily adhere on a surface of any
substrate, soil particles and plant roots are preferably selected for biofilm
production. Both gram positive and gram negative bacteria having antibiotic-
resistance properties are used. Combination of Bacterial species along with
mycorrhizal fungal and other microorganisms are also used to form biofilms.

The use of biofilm in recent era admirably reduces harmful effects of
chemical fertilizers and improves crop productivity by maintaining
sustainability of ecosystem. But, the tripartite interaction between fungal
hyphae, colonized plant parts and bacteria in rhizosphere as well as regulatory
mechanisms of the organisms involved in biofilm community needs much
specific investigation using some culture-independent approaches such as
metagenomics.

Bacterial strain used in biofilm:

1.Pseudomonas sp. can be used for bioremediation of phenanthrene in rice
crop.

2. Azospirillum brasilense can be used for nitrogen fixation in wheat crop.

3. Paenibacillus polymyxa can be used as biocontrol agent against crown rot
disease in peanut.

Bacterial biofilm associated with mycorrhizal fungi:

1. Pseudomonas sp. combined with Rhizophagus irregularis for Phosphorus
solubilization.

2. Bacillus sp, Bacillus thuringiensis, Paenibacillus rhizosphaerae combined
with Gigaspora margarita helps in Increasing hyphal growth, ethylene
production, growth inhibitor of fungal pathogens around root of the
plants.

Advantages of Biofilm:

Co-migration of bacteria with funga hyphae in the tripartite
association, called biofilm being eco-friendly and environmentally viable has
SO many positive impacts on modern agriculture as follows:
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» Increases yield of rice grains by improving soil health as well as soil-
microbial interaction.

» Applicable in non-leguminous crops like maize, vegetables, and
plantation crops too.

» Increases availability of phosphorus and suppresses basal rot disease
incidence of red onion.

» Improves the soil organic matter content and availability of nutrients (N,
P and K).

» Reduces leaching loses of nutrients and increases plant dry matter
accumulation.

Conclusion

Microorganisms, because of their vast diversity, the multiplicity of roles,
wider range of ecologica amplitude and host preference, require thorough
examination before suggesting their use as bioinoculants. Location and crop-
specific studies will help in understanding their mode of action, possible
beneficial use and their effective utilization as sustainability enhancers.
Microorganisms can be beneficially utilized in agriculture for improving soil
fertility. The soil fertility enhancement can be brought about by nutrient
addition (example: BNF), nutrient solubilization (Ex: PSB) or through nutrient
mobilization (ex: VAM). In addition to these, many microorganisms secrete
plant growth-promoting substances in the rhizospheric region that can enhance
plant growth. Many microorganisms also help in suppressing pathogenic
microorganisms and thus help in suppressing or minimizing disease incidence.
Many microorganisms have aso been found to impart stress tolerance through
different mechanisms. Considering the wide range of benefits the
microorganisms offer in an agroecosystem, their isolation and culture and their
use as hioinoculants helps in attaining a sustainable and climate-smart
agriculture production system.
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I ntroduction
Urban Ecology:

“To truly advance the discipline of urban ecology requires the creation
of note hypotheses and the identification to conformed generalizations
McDonell & Niemela.Urban ecology is a multifaceted research traditions and
methods from a wide range of backgrounds and disciplines. Over the past
century , it has been adopted and expanded by research from fields as diverse
as the socia sciences, natural sciences and engineering . while urban ecology
used to be underrepresented in textbooks and journals of ecology.it is now
recognised as an important research filed for ecologists, evolutionary biologists
and others . with urban systems beings responsible for 60 to 80% of naturals
resource consumption and substantially impacting every other ecosystem on
the globe, urban ecology has become key research filed in tacking the
sustainability crisisUrban ecology has different meanings to different
researchers and stakeholders a circumstance that is rooted in the history of the
field the unstandardized use of the term “urban”(De Deyn G. et al. 2011)

Waysto define Urban Ecology

The aim of urban ecology is to study these effects. According to
scer&wris ,the term ‘urban ecology can be defined in two ways .within the
natural sciences ,urban ecology can be addresses biological patterns and
associated environmenta processes in urban areas as a subdiscipline of biology
and ecology . in this sense, urban ecology endeavours to anayses the
relationships between plants and animal populations and their communities as
Well as their relationships and environmental factors including human
influences . from this person in urban, the research is unconstrained by
anthropocentric evaluations (Lange M. et al. 2015). However the second,
complementary, definition implies the anthropocentric perspective .here, urban
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ecology is understood as approach to improvement living conditions for the
human population in cities, referring to the ecology functions.

Urban ecology in an interdisciplinary field that supports societies
attempts to be come mote sustainable. It has deep to in many disciplines
including program, sociology, urban planning, landscape
architecture,engineering, anthropology, public hedth, andecology. As
interprimary nature and unique focus on humans and naturals systems within
areas ,urban ecology has been sold variously to describe the study of humansin
cities ,nature in cities and the coupled relationship of humans and nature
(Giovannetti M et al., 1980)

Conceptual history of research in urben ecology

Urban ecology has many disciplinary roots. In recent decades, the
conceptual approach of the “Berlin school of urban Ecology “promoted mainly
by HERBERT SUKOPP since the 1970s, was influential. By this
approach,urban habitats and associated environmental prosses were analysed at
local and regions scales by different disciplines of natural sciences. This
includes biodiversity patterns as well as characteristics of urban soils and
climate and their variation in time and space due to changing urban land uses.
While the contemporary ecosystem approach of DUVIGNEAUD mainly
addressed fluxes of energy and matters at the city level, the Berlin approach
focussed on the explicit spatial variation of ecological components within
urban environment. This also led to the first model of a city characterised by
idealised variation in climate, soilsterrain, vegetation and fauna along a
transect from the densely built up city centre to the outskirts. SUKOPP
distinguishes a core surrounded by three rings the densely built up sub centres
may be found and finally the interior and exterior border zones. Concentric
models of the spatial organisation of land uses have existed since VON
THONEN and BURGESS developed a model of the concentric structure of
cities from the perspective of socia sciences. SUKOPP was the first to qualify
such a model with a broad array of ecological factors(De Brito A. M.et al.,
1995)

Perhaps the most often reproduced diagram in urban ecology shows a
transect through the concentric rings and its consequences for climate, soil and
water, topography, vegetation and animal life in the different urban zones.
Many studies of urban ecology follow Sukopp’s transect approach, comparing
the specific ecological situation of each zone with the others, and the whole
city with its surrounding environment. The urban heat island of densely built
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up environments is an important factor of additional stress in summer months.
Lower work efficiency, enhanced morbidity, hydrosphere, and the biosphere
.Urbanised areas may serve as subject of field experiments in order to
investigate plant responses to climate change, since temperature and co2
concentrations are already increased in cities. Impacts are highly variable, but
include an increased burden of diseases, increased morbidity and mortality
from more frequent and intense heat waves superimposed on the urban heat
island coastal megacities are particularly at risk from floods, storms and
droughts (Lal R. 2020)

Demographic change : May aso exert an influence on the anthroposphere.in
highly industrialised countries people are growing older then ever before, while
birth rate is ssimultaneously decreasing in countries like Germany . The
proportion of senior citizens has expected to increase, and the pyramid
population is likely space to change its shape. This causes modification of
behaviour and demand for living space.However it is indicative that
demographic changes offer potential for improving the ecologica conditions of
cities ,not only due to a reduced number of improving the ecological conditions
of cities, not only due to a reduced number of individuals and therefore
demand for water, energy, transport etc, but also in the context of a decreasing
pressure on land use and the possibility of alternatives to the context of a
decreasing pressure on land use and the possibility of aternatives to the
classical growth of urban development conversely to ensure cost efficient
technical infrastructures ,building density should not fall below a certain
threshold (Chen Q. et al. 2022).

Economic change is one of the most important factors for the functions and
development of urban agglomerations. A towns role in the interregional and
supranational network of cities is affected by its economic structure and, in
addition, existing economic activity dominates the urban environment
.cities have under gone rapid changes to their economic structures during
recent decades. They had became increasingly integrated into globa supply
and demand systems, which depends on the process of globalisation. Alongside
these developments, a key factor in advanced economics for urban
agglomeration is the switch from industrial to service based economies; spatial
characteristics of this change are the appearance of brownfields on former
industrial land growing demand for spaces for high-ranking services
(Hernandez-Espinoza Let al., 2020)
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The four above-mentioned changes are important issues to been taken
into account in future urban ecological research and planning processes. Urban
ecology is an interdisciplinary science where element of the natural spheres
and the anthroposphere with its socio economic aspects must be taken into
account(Lekberg Yet al., 2008).

Principles of landscape ecology

Regarding landscape ecology ,author Richard Forman writes “,its large
area and long term focus provide an obvious foundation for how we can design
and pan the land for a more sustainable future’ understanding the language of
landscape ecology is therefore essentia to making planning decisions that
enhance the ecological function of an area.

Ecosystem function:

Processes throughout a landscape interact to define its ecological
function. This ability to function is described by Marina Alberti as ‘the ability
of earth processes to sustain life over a long period of time.(Alberti,Met
al.,2009).

Resilience:

“The ability of a system to adapt to changing internal and external
processes “.resilience in an urban system depends on the city ability to maintain
ecological and human functions smultaneously(Lal R.et a., 2015).

Hierarchy and scale:

Scales are linked in a hierarchical manner and actions at one level of
biological and socia organization influences the patterns and mechanisms
operating at lower and higher scales .for example bird abundance and diversity
in urban ecosystem varies over time of day, season and among years(Clark R.
etal. 2013).

Strategiesfor urbon ecological health:
I ndispensable patterns

There are four documented ‘indispensable patterns “ that authors claim
provide ecological benefits that cannot be substituted by technology
aternatives .these patterns include ;large natura vegetation patches ,wide
vegetation corridors surrounding waterways ,connectivity among large patches
of movement of target species and small patches and corridors “bits of nature’
that provide heterogeneity in developed areas.

142 | 1SBN: 978-93-94638-75-4



Advance Research Trendsin Biology

Main features: Urban areas acts as population providing goods and services
not only for its population but also for populations worldwide . Urban
ecosystem can no longer be impacts on the immediate and wider environments
as they have direct and indirect impacts on the immediate and wider
environments. Many of the environmental problems faced today had traced
back to cities and lifestyle choices .With urban population levels expected to
reach 60% in the next 30years and themagjority of urbanisation to occur in
developing countries,urban environmental managements is being increasingly
important (Diekmann L.et a., 2020)

Urban areas can not exist in isolation .They can required inputs from
and waste assimilation functions of ,other ecosystem .Ecosystem footprint
analysis has shown that many cities require a production land sea areas severad
times citiessizein order to support the population .

Multidisciplinary in natural urban ecosystem management requires a
composite of socia ,environmenta ,economic and decision making tools and
ingtitutions that are flexible and can adapt quickly to change in one or more
systems(Denneman C et al., 1990).

The urban ecosystem approach encourages the alignment of cities to
that of natural ecosystems where resources ,processes and products are used
more effectively ,creating less waste, requiring less waste requiring less input
and viewing by products as resources.

Case studies and explaination:

1) UNEPIETC -The ecosystems approach to urban environmental
management

2) United nations university — urban ecosystem management
Target sectors.

Governments, Non-governmental organisations, Research institutions,
businessesexport, decision makers, industrial organisations and the community
are primary stakeholders in the urban ecosystem concept (Egendorf S. et al.
2018).

Scale of operation:
Urban ecosystems cover an urban area.
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Urban green infrastructure

Research green infrastructure stared to gain more momentum 2010 by
becoming a motor theme of urban sustainability assessment for the first time,
which is strongly linked to issues such as climate change adaptation and
mitigation,microclimate regulation ,and ecosystem services ,suggesting that
urban green infrastructure is essential for achieving sustainability .regarding
the “green infrastructure” sub themes ,analysis of the thematic networks
shows that more attention has been paid to the health and well being impacts
during this period(Gandullo J. et al. 2021).

The term “urban green infrastructure” refers to engineered and non-
engineered habitat structure in connection with natural and seminatural areas
and others environmental features, which are, designed to deliver enormous
ecosystem services from nature to people and to protect biodiversity.

Ecosystem Services:
Biodiversity:

Urban development threatens some elements of biodiversity, yet urban
areas often contain significant biodiversity, including threatened species.

Biodiversity loss has become a mgjor global issue, and the current rates
of species decline are unprecedented. Among the different species, vertebrates,
particularly mammals and birds have more attention for scientists and publics,
whereas insects had routinely underrepresented in biodiversity and
conservation studies in split of their paramount importance to the overal
functions and stability of ecosystem worldwide.

Biological Factors

Urban development is a major threat to conservation .animals including
mammals, insects and birds are among the urban wildlife that need attention
for conservation .thus ,ecological and life history traits cab predict species
responses to urbanization .In new environmental which totally differ from their
natural habitat, they have to move and disperse in order to maintain their
species development through colonization.

Habitat change

Over the past centuries human activities such as industrialization,
agricultural intensification for food production, deforestation in tropical
countries and urbanization have boosted the susceptibility of specialist
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pollinators to land use changes, appears to be a determining factor in the
decline of many bumblebees and wild bees.

Pollution

Pollution is the second major driver of insects and other species in
urban areas. The factors caused environmental pollution include fertilization
and synthetic pesticides used ( Awasthi M.et al.,, 2016) agricultural
production ,sewage and landfill leachates from urbanized areas and industrial
chemicals form factories and mining sites.

Climate change

Urban areas are under the pressures of pollution growth, urbanization
and suburbanization processes, which interact with the climate, leading to the
established of the urban climate.

Some particular features such as heat islands effects, dryness, urban
flooding, cold, humidity waves, and drought generaly characterize urban
climate, and flooding are the three most important stresses having huge multi
lateral impacts.

Urban microbiome

The term microbiomes refers to complex communities of bacteria,
fungi, viruses, and micro eukaryotes and are an integral part of human and
natural ecosystem. In terms of environment, soil microbial communities are a
key factor in biochemical process which support plant growth and others
ecosystem services of Gl features (Huang Yet al., 2017)

Growing the world population accelerate the increase of population and
consequently can jeopardize the people life by being exposure to pollutants.
Therefore, it isimperative to adopt sustainable practices and enhance the health
of urban environmental, considering the implementation of surveillance
programs, discovering the genetic characterization and functiona diversity of
microbesin the cities

What goods and services do urban ecosystems provide?

The human elements of the city — its man made infrastructure and
economy provides goods and services of enormous value(Cerveny Cet
al.,2011). Cities are the heart of human commerce and industry and therefore
the primary centres of employment of employment, housing, transportation,
and the range of social services from health care to education. However, urban
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green spaces contribute their own unique and essential services to the urban
mix.

Shade and temperatur e control

Street trees and other green spaces help to battle the urban heat island
effect in the summer. Temperatures in the heart of a city may be 0.6 to 1.3 C
warmer than in rural areas due to the large heat absorbing surfaces of buildings
and asphalt, as well as high-energyuse. Trees provide shade and transpire large
amounts of water that, when evaporated, provide a cooling effect.
Whencombined, these effects can lower local temperature sometimes by many
degrees in the vegetated area. The shading effect of trees translates to energy
saving and reduced regional pollution.

Air filtering

City plants are efficient air pollution removing. In a park, the leaf
surfaces of trees can filter out as much as 85% of the ambient air pollution
mostly particulates. Street trees can also be effective air purifiers, removing up
to 75% of particulates on a tree-linkedstreet. Urban forests in the Baltimore
Washington region remove some 17000 tons of air pollutants per  year worth
at least 88million annually.

Noisereduction

Trees and shrubs can help filter out noise pollution too .A 30-meter belt
of tall dense trees combined with soft surfaces can reduce local noise levels by
50%

Stor mwater control

City watersheds function differently than watersheds that are more rural
because they had covered with building and paved areas that water could
notpenetrate. Urbanforests,wetlands, and streamside vegetation help to restore
some of the natural balance by buffering stormwater runoff, absorbing
pollutants, and recharging groundwater reservoirs. Forests in the Washington
baltimore corridor had estimated to been saved the region about 1 billion in
costs for constructing stormwater control facilities like retention ponds and
reinforced in the United States participate in wildlife watching activities within
1 mile of their homes, according to the US park service .one study in Chicago
estimated that planting about three more trees per building lot could save air
conditions costs per house (Cheng Z. et al. 2015)
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Recreation, aesthetic, and spiritual values

Parks and green spaces provide city dwellers with invaluable
recreational opportunities. Just ask the bikers , joggers, skaters, and dog
walkersin any urban park , any day of the week . Also we tend to dote on the
patches of nature we surround ourselves with our lawns and yards .urban red
estate costs continually bear out the value we place upon landscaping , yard
size, and the proximity to parks .

Food production

Although it is not so prevalent in the US, urban agriculture is very
important on a global basis .world wide some 800 million city residents grow
food in backyards , vacant lots , roadsides , and small suburban farms . in
Kenya and Tanzania, 2 out of 3 urban families are engaged in forming . in
Taiwan, , more than half of all urban families are members of farming
associations . in cubain 1999 urban agriculture produced 8000000 tons of fresh
organic produce and employed 165000 people.

What isthreatening the worlds urban ecosystems

Intensive and rapid urban growth is the greatest pressure on urban
ecosystems. The prospects for global urban growth population of 2.9 billion to
4.9 billion .in fact, in today world nearly all population growth is urban growth
. rural populations will remain steady over the next 30 years, while growth is
channelled into cities and suburbs .

To put amore local face on urban growth ,consider that over the next 3
decades , the population of us cities will increase by more than 2 million
people per year . today, three quarters of the united states population is urban
about 215 million people.

Growth of giant cities megacities with more than 10 million people has
spread over a significations larger area than urban areas will be changing
natural areas like forests,grasslands, and farms into urban and suburban
environments. Within existing cities more people will use parks and other
green areas , and development will gradualy fill in vacant parcels, increasing
the stress on the remaining green areas . the discovery of the ecologica value
of man made settled areas is connected to earlier words about the positive
perception of which was precisely due to the impact of human activity
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Challengesfor urban ecology and the city

It has emerged that urban locations can be ecologically abundant due to
the specific characteristics of each subsystem and their densities . such systems
demonstrate higher biodiversity than some of the areas traditionally perceived
as near naturals

Amin and thrift emphasised that nature and the city can no larger the
considered dichotomic as a matter of contradiction per se, yet the boundaries
between them have blurred to a significant extent . this is evident in the
diversity of species hosted by modern cities . in turn this may prove to alter
human perception of nature . as Amin and Thrift stated , the environmental
agency of London sold about 200000 fishing rod licences to people in Landon
in 1999 aimost a third of the annual total for England and wales . accordingly
the recently noted appearance of wild animals in cities and the increasing
invasion of non native plants indicate the changes in urban and thus societal
relations to nature .

It is widely accepted that urbanisation has a significant effect on
existing rural and natural landscapes but the perception of urban industrial has
yet to progress from one sided negative evaluation . they may contribute to the
stabilisation and improvement of natural living conditions , regardliess of
whether they are in regular use . urban ecology studies have reintroduced the
significance of urbanised areas as ecologica relevant .in this context
conceptualisation of urban space as an ecological entity as described above
represents a paradigm shift in environmental research .

A novel concept of urban ecology arises from the discussion of these
and various American concepts, with particular focus the human dimension. Or
as Alberti have suggested the actual chalenge is integration humans into
ecology. There is a profound disconnection between nature and wilderness on
one hand and the built up environmental of cities on the other.

Cities are usudly so large that city dwellers contact with nature is
difficult and often it is only poor industrial agriculture or tree monoculture that
can be easily accessed outside the city, whereas biodiversity inside the city is
high and different but often not recognised. the ecologic and economic values
of the fourth nature or new urban wilderness are not yet broadly appreciated .
city dwellers spend most of their time indoors in environments with artificially
heated or cooled ambient air ,treated drinking water from pipes ,soil in flower
pots with or some way to replacing the outdoors type that city dwellers are
disconnected from. However human well-being, work efficiency and health
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also depend on intact natural elements close to daily life in cities. The
colourful,spotted, “harlequin pattern” is not only typical for urban biotopes, but
can be found in a multitude of local climates and soil sites.

Human activity must be considered as an essentia part of urban
ecology, and the integration of geo biosphere and anthroposphere approaches
is urgently needed . Good practice example of such integrated actions can be
developed at ecological hotspotsin cities.

Advandages and disadvandages of urbanization
Trade and commerce

Urbanization advances the country business sectors be providing more
jobs and a more diverse economy . a vast network of goods and services has
helped develop modern commercial institutions and exchanges that have
empowered the growth of urban areas .commercialization and trade offers town
and cities better business opportunities and returns compared to rural areas.

Tourism industries

More people in cities means the need for better transportation systems
foreigners are attracted to cities with great transportation for easy mobility as
well as unique attractions partially supported by infrastructure .

It provide great foreign current inflows for the cities economics
Culture and sciences

Improvements in culture and science are projected to increase through
increased urbanization .as diverse cultures interact ,work , and communication
with one another in close proximity ,cultures are integrated more Smoothly.

Growth in industrial productions

The production in various industrial sectors like cement ,iron ,steel
textile, fertilizers etc., Are helping in the economic growth of the county .
Export increase and this forest reserve increases.

Labor productivity

The process of urbanization contributes to an increase in labour
productivity ,allows solving many social problems of society. People who live
in urban areatend to earn due to the availability of more jobs.
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Disadvantages

Development of housing issues

The rapid flow of rural populations into urban areas mean there will be
arise in housing scarcity . insufficient space for housing and public building
may give rise to housing problems ,poverty , and unemployment . costly
building materials may be unaffordable for some individuals , resulting in
slums. Pricing of houses is an issue as well . it is one of the main elements
affected by the agglomeration in cities .thus , living in a big city is always
more expensive small urban center.

Decreasein rural populations

The decrease in rural populations means a shortage of workers who will
be able to produce agriculture as a result, there may be an in demand need to
growing populations within cities but there will also be a dramatic escalation of
solid waste production in cities and on farms trying to grow enough food .

Air quality
Air quality in towns and cities is frequently very poor because of air
pollution from many different sources.

Smoke from domestic fires.Poor air quality has significant impact on
the health of many urban residents as well as leaving a damaging and unsightly
layer of dust on plants, building and other surfaces (Bernal M. et al., 1998).

Pollution

According to a WHO study, more then 80% of people living in urban
areas has exposed to levels of pollution that exceed those recommended by the
same organization.

The environmental will become hotter and more humid because
everyone is crammed in one centrals area.
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I ntroduction

Human hormones are chemical messengers produced by glands in the
endocrine system. They travel through the bloodstream, regulating various
physiologica processes, including growth, metabolism, mood, and
reproductive functions.

The term Hormone ( hormao = to excite ) was first used by William
M.Bayliss and his brother-in-law Ernest H.Starling, both of did their profession
in London University College, in 1904, who discovered that a chemical
substances from the intestine could stimulate the action of a pancreatic
secretion and later named it as “Secretin”

Hormones had called as *“chemicalmessengers”. Went and Thimann
(1937) defined hormones as “Substances produced in any one part of an
organism, is transferred to another part and there influence a specific
physiological process”.

Hormones — biologically active substances, which released into the
blood by the endocrine glands and humoral way (through blood, lymph, saliva,
cerebrospinal fluid). They regulate metabolism and physiological processes.
Hormones, as universal regulators of the body functioning, play an important
role in the maintenance of homeostasis. They influence all essentia life
processes, such as growth, metabolism, development, immune defence,
reproduction, behaviour and adaptation to the conditions of existence.

The hormonal effects on metabolic processes of target cells are realised
through interaction with specific receptors. Depending on the localization of
these receptors, different mechanisms of action of hormones had presented.
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In this chapter, we discuss about the structure, classification,
mechanisms of action and biological effects of various hormones in human.

Growth and change

Everyone starts out as a baby. A baby’s bones and muscles grow.
Babies start out crawling but after a while, they can stand up and walk. Soon
after that, the child can run and move in al sorts of directions. As the years go
by, growthcontinues until the body is mature.

Humans go through a predictable sequence of development from
infancy, through childhood and adolescence, and into adulthood. As the human
body matures, it develops different functions related to the different stages of
life. The body as structures called Glands. That produce substances that control
the processes of bodily change.

Glands produce chemical substances caled “Hormone”. Hormones
signal tissues and organs in the body to perform functionsor to change.

The effects of hormones can vary. Hormones can trigger sudden change
in the body or sustained gradual change. For example, one hormone in
suddenly make a heart beat faster when a person is surprised. Other hormones
very gradually make a person grow and mature.

Glands and hormones

To function well and stay alive, the human body tries to maintain a
condition called Homeostasis. Think of homeostasis as internal balance. The
body has much system; all performs the complicated functions at the same
time. The body has a system that maintains balance by subjecting al of its
processes to the chemical commands by hormones. Hormones, the structures
that make them and the pathways they travel make up the endocrinesystem.

The human body functions best when its systems are stable — al parts
are getting enough of what they need but not too much. When a funcyion
becomes unstable, the body responds and starts a change process. For example,
when a person needs energy from food, a part of the endocrine system releases
a hormone. This hormone travel to the brain and signals “I am hungry”. Once
the person has enough to eat, another hormone has released that the body “I am
full”.

The endocrine system

The endocrine system produces hormones. It also controls when the
hormones are released into the bloodstream.
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Some of the body processes that hormones control include the
following:

Digestion
Homeostasis
Growth of the body
Repair to damages
Reproduction
The endocrine system routinely has to start and stop processes, such as

hunger, sleep, and growth. Males and females have some difference in their
endocrine systems.

Pineal gland Pineal gland

Pituitary gland — Piluitary gland and

and Hypothalamus Hypothalamus
Thyroidand - Thoid
: yroid and
e Parathyroid glands
Thymus — Thymis

o /— Pancreas
/w ’ .} = Adrenal glands
Adrenal glands / M’Q rl.’
"Ti-ﬂ%\«".

= 0
ij//_ vary

g

i
:7 Placenia
Testice ———— j (during pregnancy)

Hormones and growth

Hormones also regulate a body’s growth. The pituitary gland secretes
many different hormones, including growth hormone and a hormone that
controls the sex hormones. Early in life, when growth must occur for survival,
the body secretes more growth hormone. The amount of growth hormone
secreted by the pituitary gland decreases with age.The parathyroid gland
controls the levels of calcium and phosphorous in the body. Both minerals are
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required for bone growth. Too little of this hormone can result in too much
calcium and phosphorous in the body, which can be harmful.

Finaly, the endocrine system produces gender-specific hormones,
known as the sex hormones. Sex hormones play little role in humans until
adolescence. Sex hormones control the significant body change that occur
during adolescence. Sex hormones has been released by ovaries in females and
by testesin males.

We are following detail a list of hormones found in Homo
sapiens.Although hormones reach al parts of the body, only target cells with
compatible receptors are equipped to respond. Over 50 hormones have been
identified in humans.

List of human hormones
Adrenaline (epinephrine) :

Type : Amino acid derivative

Tissue : adrenal gland

Cells: Adrenal medulla/ Tyrosine

Receptor :adrenergic receptor

Target tissue : nearly al tissues

Effect : blood pressure, glycogenolysis, lipolysis,etc.

Meéatonin

Type : Amino acid derivative

Tissue : pineal gland

Cdlls :Pinealocyte / Tryptophan
Receptor : melatonin receptor

Target tissue : CNS and peripheral tissue
Effect : sleep-wake cycle

Noradrenaline or Norepinephrine

Type : Amino acid derivative

Tissue : adrenal gland

Cells:Adrena medulla/ Tyrosine

Receptor : noradrenergic receptor

Target tissue : nearly al tissues

Effect : Blood pressure, glycogenolysis, lipolysis, etc.
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Triiodothyronine

Type : Amino acid derivative

Tissue : Peripheral tissue of thyroid gland
Cells: Thyroid follicular cell

Receptor : thyroid hormone receptor
Target tissue : nearly every cell in the body
Effect : increased metabolism

Thyroxine

Type : Amino acid derivative

Tissue : thyroid gland

Célls: Thyroid follicular cell

Recetor : thyroid hormone receptor

Target tissue : nearly every cell in the body

Effect : similar effect as T3 but much weaker : converted to T3 in target
cells.

Dopamine

Type : Amino acid derivative

Tissue : substantianigra

Célls: Phenylalanine

Receptor : D1 and D2

Target tissue : system wide

Effect : regulation of cellular CAMP levels, prolactin antagonist

Prostaglandins
Type : Eicosanoid
Tissue : All nucleated cells
Receptor : prostaglandin receptor
Effect : Vasodilation

L eukotrienes

Type : Eicosanoid
Tissue : Blood
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Cells: white blood cells
Receptor : G protein coupled receptos
Effect : increase vascular permeability

Prostacylin

Type : Eicosanoid
Receptor : prostacyclin receptor
Effect : vasodilation, platelet activation inhibitor

Thromboxane

Type : Eicosanoid

Tissue : Blood

Cdl : platelets

Receptor : thromboxane receptor

Effect : vasoconstriction, Platelet Aggregation

Amylin

Type : Peptide

Tissue : pancreas

Cell : pancrestic beta-cells

Receptor : amylin receptor

Effect : slowing down gastric emptying, inhibition of digestive
secrestion, in order to reduce food intake

Adiponectin

Type : Peptide

Tissue : adipose tissue

Receptor : Adiponectin receptors
Effect : Regulating glucose level

Anti-Mullerian hormone
Type : Peptide

Tissue: Testes
Cdll :Sertoli cell
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Receptor : AMHR2
Effect : Inhibit release of prolactin and TRH from anterior pituitary

Adrenocorticotropic hormone

Type : Peptide

Tissue : anterior pituitary

Cdll :Corticotrope

Receptor : ACTH receptor

Effect : Synthesis of corticosteroids in adrenocortical cells

Angiotensinogen

Type : Peptide

Cdl : liver

Receptor : angiotensin receptor

Effect : vasoconstriction release of adosterone from adrenal cortex
dipsogen

Antidiuretic hormone

Type : Peptide

Tissue : posterior pituitary

Cdll : Parvocellular neurosecretory neurons in hypothalamus

Receptor : AVPRs, VACM-1

Effect : retention of water in kidneys moderate vasoconstriction Release
ACTH in anterior pituitary

Artrial natriuretic peptide:

Type : Peptide

Tissue : Heart

Receptor : ANP receptor

Effect : Increase sodium and GFR excretion, antagonize vena
constriction, inhibit renin secretion

Brain natriuretic peptide

Type : Peptide
Tissue : Heart
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Cdll : Cardiac myocytes

Receptor : NPR

Effect : Reducing systemic vascular resistance, reducing blood water ,
sodium and fats

Calcitonin

Type : Peptide

Tissue : thyroid gland

Céll :Parafollicular cdll

Receptor : CT receptor

Effect : Construct bone, reduce blood

Cholecystokinin

Type : Peptide

Tissue : Duodenum

Receptor : CCK receptor

Effect : Release of digestive enzyme from pancreas

Corticotropin releasing hormone

Type : Peptide

Tissue : hypothalamus

Receptor : CRF1

Effect : Release ACTH from anterior pituitary

Cortistain

Type : Peptide

Tissue: Cerebral cortex

Cdll : inhibitory neurons

Receptor : Somatostatin receptor

Effect : Depression of neuronal activity : induction of slow wave sleep

Erythropoietin

Type : Peptide
Tissue : Kidney
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Cell :Extraglomerular mesangial cells
Receptor :EpoR
Effect : Stimulate erythrocyte production

Enkephalin
Type : Peptide
Tissue : Kidney

Cdll :Chromaffin cells
Receptors : Opioid receptor
Effect : Smooth muscle contraction of medium sixed vessels

Endothedlin

Type : Peptide

Tissue : Vascular endothelium

Cdll : ET receptor

Effect : Stimulate erythrocyte production

Foallicle— stimulating hor mone

Type : Peptide

Tissue : anterior pituitary

Cell :gonadotrope

Receptor : FSH receptor

Effect : In female : Stimulate maturation of Graafian follicles in ovary.
In male : Spermatogenesis.

Galanin
Type : Peptide
Tissue : Central nervous system and gastrointestinal tract
Cdl : GALR1, GALR2, GALRS
Effect : Modulation and inhibition of action potentialsin neurons

Gastric inhibitory polypeptide

Type : Peptide
Tissue : Mucosa of the duodenum and the jgjunum
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Cdl : K cdll
Receptor : GIPR
Effect : Inducesinsulin secretion

Gastrin

Type :Pepptide

Tiisue : Stomach

Cell : P/ID1 cell

Receptor : ghrelin receptor

Effect : Stimulate appetite, secretion of growth hormone

Ghrdin

Type : Peptide

Tissue : Stomach

Cedl : Gcdl

Receptor : CCK2

Effect : Secretion of gastric acid by parietal cells

Glucagon

Type : Peptide

Tissue : pancreas

Cdll : aphacells

Receptor : Glucagon receptor

Effect :Glocogenolysis and gluconeogenesis

Glucagon - like peptide 1

Type : Peptide

Tissue: ileum

Cell : L cell

Receptor : GLP1R, GLP2R

Effect : Stimulates the adenylyl cyclase pathway , release of insulin
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Gonadotropin- releasing hormone

Type: Peptide Tissue ; hypothalamus

Receptor :GnNRH receptor

Effect : Release of FSH and LH from anterior pituitary
Endocrine system consists of the following glands:

Hypothalamus:

Hypothalamus is a small region of our brain that connects to your
pituitary gland through the pituitary stalk.

Pituitary gland :

Pituitary gland is a pea-sized gland at the base of brain , behind the
bridge of your nose and directly below your hypothalamus.

Pineal gland :

Pineal gland is a tiny gland in your brain that’s located beneath the back
part of the corpus callosum.

Thyroid gland :

Thyroid is a small , butterfly shaped gland located at the front of our
neck under our skin.

Parathyroid glands:

Most people have four pea-sized parathyroid glands located behind
their thyroid gland.

Adrenal glands:

Adrena glamds aso known as suprarena glands are small triangle
shaped glands that are located on top of each of your two kidneys.
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Pancreas:

Pancreas is an organ in the back of our abdomen. Its part of our
digestive system and endocrine system

Ovaries:

People assigned female at birth have two ovaries. Each located on both
sides of their uterus below the opening of the fallopian tubes.

Testes:

People assigned male at birth have two testes that hang in a ouch
outside of their body below their penis

Kidneys
Kidneys are two bean shaped organs that filter your blood.
Liver

Liver is an essential organ and gland, performing hundreds of functions
necessary to your sustain life.

Gut

It is a gastrointestinal tract is the long , connected tube that starts at our
mouth and ends at anus. Its responsible for digestion.

Placenta

Placenta is a temporary organ that develops in your uterus during
pregnancy. It provides oxygen and nutrients to the devel oping fetus.

Hormonal imbalances

Each hormones-related condition can have severa different possible
causes. In general, the main conditions or situations that cause hormone
imbalances include;
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>

% Tumors, adenomas or other growths.

Damage or injury an endocrine gland.

Autoimmune conditions.

Herediatary gene mutations that cause problems with the structure and
function of an endocrine gland.

L)

7 o 7
LXK X4

Doctor treats hormone-related conditions:

Primary healthcare providers can diagnose and help you manage many
hormone conditions. However, you may benefit from seeing an
endocrinologist.

An endocrinologist is a hedthcare provide who specializes in
endocrinology, a field of medicine that studies conditions related to your
hormones. An endocrinologist can diagnose endocrine conditions, develop
treatment and management plans for them and prescribe medication.

Note: (A Note from Cleveland Clinic)

Hormones are an important and essential part of human exixtence.
While your body normolly carefully balances its hormones, having too little or
too much of a certain hormone can lead to health problems. If you’re
experiencing any concerning symptoms, it’s important to talk to your
healthcare provider. They can order tests to see if you have a hormone
imbalance or if something elseis causing your symptoms.
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I ntroduction

Algae are a broad class of photosynthetic organisms that are found in
freshwater and marine environments. In damp terrestrial environments with
lichens, cyanobacteria can also coexist in symbiotic relationships with fungi.
Microorganisms such as phytoplankton and seaweeds are few examples of tiny
algae.By using chlorophyll and other pigments in photosynthesis, these
organisms transform sunlight into energy and are essential to ecosystem
because they produce large amount of oxygen. Diverse pigmentsin algae allow
them to adapt to all harsh environmental conditions. Algae can be green, red,
brown, or blue-green in colour in accordance to the pigments present.

Various applications of agaeinclude food (many seaweeds are edible
and are eaten by people from different civilizations). They are also useful in
biofuel production and waste water treatment. Additionally, they are rich
sources of many bioactive compounds that are useful in industries for mass
production. Thus, they contribute to the overall food chain and the ecosystem
balance.

Classification of Algae

Based on their properties, algae can be categorised into several types,
representing a diverse group of photosynthetic organisms. Algal taxonomy
continually changes as our knowledge of these species deepens. These are a
few of the most common kinds of algae:
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S.NO | Division Chlorophyll and Habitat Examples
characteristics

15 Chlorophyta Green in colour and Muoist terrestrial areas Ulva sp., Chlamydomonas sp., and Spirogyra
contains chlorophyll a and aquatic settings sp.
and b,

2 Phaeophyta Brown in colour due to | Marine environment Laminaria (kelp) and Fucus (rockweed).

fucoxanthin contains
chlorophyll a and ¢

3 Rhodophyta Red in colour due to Marine environment FPo