Arthropoda diagram

Arthropods form the phylum Euarthropoda , [1] [3] which includes insects , arachnids ,
myriapods , and crustaceans. Arthropods are distinguished by their jointed limbs and cuticle
made of chitin , often mineralised with calcium carbonate. The arthropod body plan consists of
segments, each with a pair of appendages. The rigid cuticle inhibits growth, so arthropods
replace it periodically by moulting. Arthropods are bilaterally symmetrical and their body
possesses an external skeleton. Some species have wings. Their versatility has enabled
arthropods to become the most species-rich members of all ecological guilds in most
environments. They have over a million described species, making up more than 80 percent of
all described living animal species, some of which, unlike most other animals, are very
successful in dry environments. Arthropods range in size from the microscopic crustacean
Stygotantulus up to the Japanese spider crab. An arthropod's primary internal cavity is a
haemocoel , which accommodates its interior organs , and through which its haemolymph â€”
analogue of blood â€” circulates; it has an open circulatory system. Like their exteriors, the
internal organs of arthropods are generally built of repeated segments. Their nervous system is
"ladder-like", with paired ventral nerve cords running through all segments and forming paired
ganglia in each segment. Their heads are formed by fusion of varying numbers of segments,
and their brains are formed by fusion of the ganglia of these segments and encircle the
esophagus. The respiratory and excretory systems of arthropods vary, depending as much on
their environment as on the subphylum to which they belong. Their vision relies on various
combinations of compound eyes and pigment-pit ocelli : in most species the ocelli can only
detect the direction from which light is coming, and the compound eyes are the main source of
information, but the main eyes of spiders are ocelli that can form images and, in a few cases,
can swivel to track prey. Arthropods also have a wide range of chemical and mechanical
sensors, mostly based on modifications of the many bristles known as setae that project
through their cuticles. Arthropods' methods of reproduction and development are diverse; all
terrestrial species use internal fertilization , but this is often by indirect transfer of the sperm via
an appendage or the ground, rather than by direct injection. Aquatic species use either internal
or external fertilization. Almost all arthropods lay eggs, but scorpions give birth to live young
after the eggs have hatched inside the mother. Arthropod hatchlings vary from miniature adults
to grubs and caterpillars that lack jointed limbs and eventually undergo a total metamorphosis
to produce the adult form. The level of maternal care for hatchlings varies from nonexistent to
the prolonged care provided by scorpions. The evolutionary ancestry of arthropods dates back
to the Cambrian period. The group is generally regarded as monophyletic , and many analyses
support the placement of arthropods with cycloneuralians or their constituent clades in a
superphylum Ecdysozoa. Overall, however, the basal relationships of animals are not yet well
resolved. Likewise, the relationships between various arthropod groups are still actively
debated. Arthropods contribute to the human food supply both directly as food, and more
importantly indirectly as pollinators of crops. Some species are known to spread severe disease
to humans, livestock , and crops. Arthropods are invertebrates with segmented bodies and
jointed limbs. Calcification of the endosternite, an internal structure used for muscle
attachments, also occur in some opiliones. This is due to the census modeling assumptions
projected onto other regions in order to scale up from counts at specific locations applied to the
whole world. A study in estimated that there were , species of animals and plants in Costa Rica
alone, of which , were arthropods. They are important members of marine, freshwater, land and
air ecosystems , and are one of only two major animal groups that have adapted to life in dry
environments; the other is amniotes , whose living members are reptiles, birds and mammals.
The embryos of all arthropods are segmented, built from a series of repeated modules. The last
common ancestor of living arthropods probably consisted of a series of undifferentiated
segments, each with a pair of appendages that functioned as limbs. However, all known living
and fossil arthropods have grouped segments into tagmata in which segments and their limbs
are specialized in various ways. The three-part appearance of many insect bodies and the
two-part appearance of spiders is a result of this grouping; [16] in fact there are no external
signs of segmentation in mites. The eyes are mounted on the acron. Originally it seems that
each appendage-bearing segment had two separate pairs of appendages: an upper and a lower
pair. These would later fuse into a single pair of biramous appendages, with the upper branch
acting as a gill while the lower branch was used for locomotion. The most conspicuous
specialization of segments is in the head. Working out the evolutionary stages by which all
these different combinations could have appeared is so difficult that it has long been known as
"the arthropod head problem ". Snodgrass even hoped it would not be solved, as he found
trying to work out solutions to be fun. Arthropod exoskeletons are made of cuticle , a
non-cellular material secreted by the epidermis. The exocuticle and endocuticle together are
known as the procuticle. The joints between body segments and between limb sections are

covered by flexible cuticle. The exoskeletons of most aquatic crustaceans are biomineralized
with calcium carbonate extracted from the water. Some terrestrial crustaceans have developed
means of storing the mineral, since on land they cannot rely on a steady supply of dissolved
calcium carbonate. The cuticle may have setae bristles growing from special cells in the
epidermis. Setae are as varied in form and function as appendages. For example, they are often
used as sensors to detect air or water currents, or contact with objects; aquatic arthropods use
feather -like setae to increase the surface area of swimming appendages and to filter food
particles out of water; aquatic insects, which are air-breathers, use thick felt -like coats of setae
to trap air, extending the time they can spend under water; heavy, rigid setae serve as defensive
spines. Although all arthropods use muscles attached to the inside of the exoskeleton to flex
their limbs, some still use hydraulic pressure to extend them, a system inherited from their
pre-arthropod ancestors; [27] for example, all spiders extend their legs hydraulically and can
generate pressures up to eight times their resting level. The exoskeleton cannot stretch and
thus restricts growth. Arthropods therefore replace their exoskeletons by undergoing ecdysis
moulting , or shedding the old exoskeleton after growing a new one that is not yet hardened.
Moulting cycles run nearly continuously until an arthropod reaches full size. The developmental
stages between each moult ecdysis until sexual maturity is reached is called an instar.
Differences between instars can often be seen in altered body proportions, colors, patterns,
changes in the number of body segments or head width. After moulting, i. In the initial phase of
moulting, the animal stops feeding and its epidermis releases moulting fluid, a mixture of
enzymes that digests the endocuticle and thus detaches the old cuticle. This phase begins
when the epidermis has secreted a new epicuticle to protect it from the enzymes, and the
epidermis secretes the new exocuticle while the old cuticle is detaching. When this stage is
complete, the animal makes its body swell by taking in a large quantity of water or air, and this
makes the old cuticle split along predefined weaknesses where the old exocuticle was thinnest.
It commonly takes several minutes for the animal to struggle out of the old cuticle. At this point,
the new one is wrinkled and so soft that the animal cannot support itself and finds it very
difficult to move, and the new endocuticle has not yet formed. The animal continues to pump
itself up to stretch the new cuticle as much as possible, then hardens the new exocuticle and
eliminates the excess air or water. By the end of this phase, the new endocuticle has formed.
Many arthropods then eat the discarded cuticle to reclaim its materials. Because arthropods are
unprotected and nearly immobilized until the new cuticle has hardened, they are in danger both
of being trapped in the old cuticle and of being attacked by predators. Arthropod bodies are
also segmented internally, and the nervous, muscular, circulatory, and excretory systems have
repeated components. The strong, segmented limbs of arthropods eliminate the need for one of
the coelom's main ancestral functions, as a hydrostatic skeleton , which muscles compress in
order to change the animal's shape and thus enable it to move. Hence the coelom of the
arthropod is reduced to small areas around the reproductive and excretory systems. Its place is
largely taken by a hemocoel , a cavity that runs most of the length of the body and through
which blood flows. Arthropods have open circulatory systems , although most have a few short,
open-ended arteries. In chelicerates and crustaceans, the blood carries oxygen to the tissues,
while hexapods use a separate system of tracheae. Many crustaceans, but few chelicerates and
tracheates , use respiratory pigments to assist oxygen transport. The most common respiratory
pigment in arthropods is copper -based hemocyanin ; this is used by many crustaceans and a
few centipedes. A few crustaceans and insects use iron-based hemoglobin , the respiratory
pigment used by vertebrates. As with other invertebrates, the respiratory pigments of those
arthropods that have them are generally dissolved in the blood and rarely enclosed in
corpuscles as they are in vertebrates. The heart is typically a muscular tube that runs just under
the back and for most of the length of the hemocoel. It contracts in ripples that run from rear to
front, pushing blood forwards. Sections not being squeezed by the heart muscle are expanded
either by elastic ligaments or by small muscles , in either case connecting the heart to the body
wall. Along the heart run a series of paired ostia, non-return valves that allow blood to enter the
heart but prevent it from leaving before it reaches the front. Arthropods have a wide variety of
respiratory systems. Small species often do not have any, since their high ratio of surface area
to volume enables simple diffusion through the body surface to supply enough oxygen.
Crustacea usually have gills that are modified appendages. Many arachnids have book lungs.
Living arthropods have paired main nerve cords running along their bodies below the gut, and
in each segment the cords form a pair of ganglia from which sensory and motor nerves run to
other parts of the segment. Although the pairs of ganglia in each segment often appear
physically fused, they are connected by commissures relatively large bundles of nerves , which
give arthropod nervous systems a characteristic "ladder-like" appearance. The brain is in the
head, encircling and mainly above the esophagus. The ganglia of other head segments are often

close to the brain and function as part of it. In insects these other head ganglia combine into a
pair of subesophageal ganglia , under and behind the esophagus. Spiders take this process a
step further, as all the segmental ganglia are incorporated into the subesophageal ganglia,
which occupy most of the space in the cephalothorax front "super-segment". There are two
different types of arthropod excretory systems. In aquatic arthropods, the end-product of
biochemical reactions that metabolise nitrogen is ammonia , which is so toxic that it needs to
be diluted as much as possible with water. The ammonia is then eliminated via any permeable
membrane, mainly through the gills. The stiff cuticles of arthropods would block out information
about the outside world, except that they are penetrated by many sensors or connections from
sensors to the nervous system. In fact, arthropods have modified their cuticles into elaborate
arrays of sensors. Various touch sensors, mostly setae , respond to different levels of force,
from strong contact to very weak air currents. Chemical sensors provide equivalents of taste
and smell , often by means of setae. Pressure sensors often take the form of membranes that
function as eardrums , but are connected directly to nerves rather than to auditory ossicles. The
antennae of most hexapods include sensor packages that monitor humidity , moisture and
temperature. Most arthropods have sophisticated visual systems that include one or more
usually both of compound eyes and pigment-cup ocelli "little eyes". In most cases ocelli are
only capable of detecting the direction from which light is coming, using the shadow cast by the
walls of the cup. However, the main eyes of spiders are pigment-cup ocelli that are capable of
forming images, [35] and those of jumping spiders can rotate to track prey. Compound eyes
consist of fifteen to several thousand independent ommatidia , columns that are usually
hexagonal in cross section. Each ommatidium is an independent sensor, with its own
light-sensitive cells and often with its own lens and cornea. Most arthropods lack balance and
acceleration sensors, and rely on their eyes to tell them which way is up. The self-righting
behavior of cockroaches is triggered when pressure sensors on the underside of the feet report
no pressure. However, many malacostracan crustaceans have statocysts , which provide the
same sort of information as the balance and motion sensors of the vertebrate inner ear. The
proprioceptors of arthropods, sensors that report the force exerted by muscles and the degree
of bending in the body and joints, are well understood. However, little is known about what
other internal sensors arthropods may have. A few arthropods, such as barnacles , are
hermaphroditic , that is, each can have the organs of both sexes. However, individuals of most
species remain of one sex their entire lives. However, most arthropods rely on sexual
reproduction , and parthenogenetic species often revert to sexual reproduction when conditions
become less favorable. All known terrestrial arthropods use internal fertilization. Opiliones
harvestmen , millipedes , and some crustaceans use modified appendages such as gonopods
or penises to transfer the sperm directly to the female. However, most male terrestrial
arthropods produce spermatophores , waterproof packets of sperm , which the females take
into their bodies. A few such species rely on females to find spermatophores that have already
been deposited on the ground, but in most cases males only deposit spermatophores when
complex courtship rituals look likely to be successful. Most arthropods lay eggs, [38] but
scorpions are ovoviparous : they produce live young after the eggs have hatched inside the
mother, and are noted for prolonged maternal care. Some hatch as apparently miniature adults
direct development , and in some cases, such as silverfish , the hatchlings do not feed and may
be helpless until after their first moult. Many insects hatch as grubs or caterpillars , which do
not have segmented limbs or hardened cuticles, and metamorphose into adult forms by
entering an inactive phase in which the larval tissues are broken down and re-used to build the
adult body. The last common ancestor of all arthropods is reconstructed as a modular organism
with each module covered by its own sclerite armor plate and bearing a pair of biramous limbs.
This Ur-arthropod had a ventral mouth, pre-oral antennae and dorsal eyes at the front of the
body. It was assumed it was a non-discriminatory sediment feeder, processing whatever
sediment came its way for food, [43] but fossil findings hints that the last common ancestor of
both arthropods and priapulida shared the same specialized mouth apparatus; a circular mouth
with rings of teeth used for capturing prey and was therefore carnivorous. Social termites and
ants first appear in the Early Cretaceous , and advanced social bees have been found in Late
Cretaceous rocks but did not become abundant until the Middle Cenozoic. From to , zoologist
Sidnie Manton and others argued that arthropods are polyphyletic , in other words, that they do
not share a common ancestor that was itself an arthropod. Instead, they proposed that three
separate groups of "arthropods" evolved separately from common worm-like ancestors: the
chelicerates , including spiders and scorpions ; the crustaceans; and the uniramia , consisting
of onychophorans , myriapods and hexapods. These arguments usually bypassed trilobites , as
the evolutionary relationships of this class were unclear. Proponents of polyphyly argued the
following: that the similarities between these groups are the results of convergent evolution , as

natural consequences of having rigid, segmented exoskeletons ; that the three groups use
different chemical means of hardening the cuticle; that there were significant differences in the
construction of their compound eyes; that it is hard to see how such different configurations of
segments and appendages in the head could have evolved from the same ancestor; and that
crustaceans have biramous limbs with separate gill and leg branches, while the other two
groups have uniramous limbs in which the single branch serves as a leg. Further analysis and
discoveries in the s reversed this view, and led to acceptance that arthropods are monophyletic
, in other words they do share a common ancestor that was itself an arthropod. The earliest
known arthropods ate mud in order to extract food particles from it, and possessed variable
numbers of segments with unspecialized appendages that functioned as both gills and legs.
Anomalocarids were, by the standards of the time, huge and sophisticated predators with
specialized mouths and grasping appendages, fixed numbers of segments some of which were
specialized, tail fins, and gills that were very different from those of arthropods. This reasoning
implies that Parapeytoia , which has legs and a backward-pointing mouth like that of the earliest
arthropods, is a more credible closest relative of arthropods than is Anomalocaris. Spiralia
annelids , molluscs , brachiopods , etc. Nematoida nematodes and close relatives. Scalidophora
priapulids and Kinorhyncha , and Loricifera. Higher up the "family tree", the Annelida have
traditionally been considered the closest relatives of the Panarthropoda, since both groups
have segmented bodies, and the combination of these groups was labelled Articulata. There
had been competing proposals that arthropods were closely related to other groups such as
nematodes , priapulids and tardigrades , but these remained minority views because it was
difficult to specify in detail the relationships between these groups. In the s, molecular
phylogenetic analyses of DNA sequences produced a coherent scheme showing arthropods as
members of a superphylum labelled Ecdysozoa "animals that moult" , which contained
nematodes, priapulids and tardigrades but excluded annelids. This was backed up by studies of
the anatomy and development of these animals, which showed that many of the features that
supported the Articulata hypothesis showed significant differences between annelids and the
earliest Panarthropods in their details, and some were hardly present at all in arthropods. This
hypothesis groups annelids with molluscs and brachiopods in another superphylum,
Lophotrochozoa. If the Ecdysozoa hypothesis is correct, then segmentation of arthropods and
annelids either has evolved convergently or has been inherited from a much older ancestor and
subsequently lost in several other lineages, such as the non-arthropod members of the
Ecdysozoa. Arthropods belong to phylum Euarthropoda. Euarthropoda is typically subdivided
into five subphyla , of which one is extinct: [86]. Aside from these major groups, there are also a
number of fossil forms, mostly from the Early Cambrian , which are difficult to place, either from
lack of obvious affinity to any of the main groups or from clear affinity to several of them.
Marrella was the first one to be recognized as significantly different from the well-known
groups. The phylogeny of the major extant arthropod groups has been an area of considerable
interest and dispute. In some studies, Myriapoda is grouped with Chelicerata forming
Myriochelata ; [90] [91] in other studies, Myriapoda is grouped with Pancrustacea forming
Mandibulata , [88] or Myriapoda may be sister to Chelicerata plus Pancrustacea. Ostracoda ,
Branchiura , Pentastomida , Mystacocarida. Copepoda , Malacostraca , Thecostraca.
Branchiopoda , Cephalocarida. Hexapoda , Remipedia. The placement of the extinct trilobites is
also a frequent subject of dispute. Since the International Code of Zoological Nomenclature
recognises no priority above the rank of family, many of the higher-level groups can be referred
to by a variety of different names. Crustaceans such as crabs , lobsters , crayfish , shrimp , and
prawns have long been part of human cuisine, and are now raised commercially. The red dye
cochineal , produced from a Central American species of insect, was economically important to
the Aztecs and Mayans. The blood of horseshoe crabs contains a clotting agent, Limulus
Amebocyte Lysate , which is now used to test that antibiotics and kidney machines are free of
dangerous bacteria , and to detect spinal meningitis and some cancers. The relative simplicity
of the arthropods' body plan, allowing them to move on a variety of surfaces both on land and
in water, have made them useful as models for robotics. The redundancy provided by segments
allows arthropods and biomimetic robots to move normally even with damaged or lost
appendages. Although arthropods are the most numerous phylum on Earth, and thousands of
arthropod species are venomous, they inflict relatively few serious bites and stings on humans.
Far more serious are the effects on humans of diseases like malaria carried by blood-sucking
insects. Other blood-sucking insects infect livestock with diseases that kill many animals and
greatly reduce the usefulness of others. Many species of arthropods, principally insects but
also mites, are agricultural and forest pests. Even amongst arthropods usually thought of as
obligate predators , floral food sources nectar and to a lesser degree pollen are often useful
adjunct sources. In some cases floral resources are outright necessary. From Wikipedia, the
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s. In this article we will discuss about Scorpion:- 1. Habit and Habitat of Scorpion 2. External
Structures of Scorpion 3. Integumentary System 4. Endoskeleton 5. Digestive System 6.
Respiratory System 7. Circulatory System 8. Excretory System 9. Nervous System Reproductive
System The scorpions are usually inhabitants of warm tropical regions. They love shade and
avoid heat. Some live in deserts, some in mountainous areas, and several scorpions are seen in
rain forests. These organisms spend the daytime within sands, crevices, holes and under
stones and logs. At night they become active and prey upon spiders, cockroaches and other
insects. While walking it usually raises the body from the ground on the legs. Scorpions can live
for a long time without food and water and often are seen to practise cannibalism. It can dig
hole by its three anterior pairs of legs and possesses delicate sense of touch. The colouration
of scorpion varies from yellow, orange to black and it depends upon the background of its living
place. Both these parts have exoskeletal coverings and several structures are present in the two
regions. As in Prawn, here too, the head and thorax have fused to form prosoma. Ventrally it is
bounded by a single triangular plate, formed by the fusion of sternites. The dorsal side of the
carapace bears a pair of median eyes. Several lateral eyes are seen along each side of the
carapace. Number of lateral eyes on each side varies in different species but usually ranges
from 2- 5. Both the median and lateral eyes are simple eyes but differ in their construction.
Some scorpions cave-dwelling forms have secondarily lost their eyes. Six pairs of appendages
on the ventral side of the prosoma include a pair of chelicerae, a pair of pedipalpi and four pairs
of walking legs Fig. Each one is composed of three articles. At the proximal end, the coxa
carries an anteriorly directed sharp blade-like structure, called gnathobase. At the distal end,
the extension of manus forms an immovable finger. The inner borders of the movable and
immovable fingers carry denticles and serve as chela for holding. Each of the four pairs of
walking legs is composed of seven articles and at the distal end bears a pair of sharply pointed
claws. In each of the first and second pair of legs, the coxa is movable and has anteriorly
directed gnathobases which operate during feeding. In the remaining legs, the coxae are
immovable and devoid of gnathobases. It is flat and immovably attached to the cephalothorax.
The opisthosoma is divisible into two partsâ€”mesosoma and metasoma. The seven segmented
mesosoma is broad at the anterior end and narrow posteriorly. The metasoma is narrow,
elongated and made up of five segments which appear as jointed rings. The metasoma remains
bent over the body and is movable. A soft skin separates the terga and sterna of mesosoma, but
such skin is absent in metasoma. Each pectine is formed of a three-segmented shaft carrying at
the free posterior end a row of movable processes like the teeth of a comb. Pectines are tactile
sense organs and are probably olfactory too. Pectines are larger in males than in females.
These are slit-like openings communicating with the inner respiratory organs, called the
book-lungs. Each segment from third to sixth bears on the ventro-lateral border a pair of such
stigmata. The terminal segment of metasoma is bulb-like and contains a slightly curved sharply
pointed poison sting. The bulb contains a pair of poison glands which open on each side below
the tip. The glands are operated by a special muscle inside the bulb. The venom is used to kill
the prey. It contains a paralysing neurotoxin which may affect respiratory movement specially in
children and elderly people. The integumentary system forms the exoskeletal covering. As in
other arthropods, here also it consists of three partsâ€”cuticle, hypodermis and basement
membrane. The cuticle is divisible into a very thin 0. The epicuticle does not contain chitin and
is imperviou, to water. The procuticle contains chitin and a polysaccharide related to cellulose
and is permeable to water. The procuticle may again be divided into an outer exocuticle and
inner endocuticle. Some cells are peculiarly modified as tactile hairs and such hairs project out
of the cuticle. The cuticle is formed by a product secreted by this hypodermal layer. Various
colouration of scorpion is due to the pigment content of the hypodermal cells. The coxae of the
walking legs are inserted within the body and form internal skeletal structures for the
attachment of muscles. These inner protrustions of coxae are called apodemes. In addition to
apodemes, a large triangular endosternite and a transversely placed diaphragm, work as
endoskeletal framework. The diaphragm is attached ventrally with the coxae of the fourth legs
and dorsally to the inter-segmental membrane between prosoma and the tergum of eighth
segment. In addition to the usual three divisionsâ€”foregut, midgut and hindgut, there is a
distinct pre-oral cavity Fig. The pre-oral cavity is bounded dorsally by two chelicerae, ventrally
by the gnathobases of the first two pairs of legs and laterally by the coxae of the pedipalpi. A
club-shaped labrum or rostrum hangs within the pre-oral cavity. The sclerotised foregut begins
with a small opening, called mouth see Fig. It is placed inside the pre-oral cavity and near the
base of the labrum. The mouth leads into a well-developed suctorial pharynx. The wall of
pharynx is provided with numerous muscles. The pharynx acts as a pumping organ to suck
food through mouth. The stomach continues up to diaphragm and is followed by the intestine.
The intestine is a straight tube and is distinctly divisible into a broad mesosomal part and a

narrow metasomal part. The division is marked by the presence of two to four Malpighian
tubules. From the mesosomal part of the intestine, five to six pairs of lateral hepatic ducts or
caeca are given off to the digestive gland liver. The metasomal intestine lying in the last
metasomal segment passes into the small cuticularised hindgut. The hindgut opens to the
exterior through a ventral opening, called anus, which is located in between the last segment
and poison bulb. In scorpions, two sets of digestive glands are seen. They are salivary glands
or stomach glands and gastric glands or liver. These are paired glands present within the
prosoma on either side of oesophagus. From each gland a duct opens within the oesophagus.
The juice is known as saliva. This is a pair of massive, much branched glands occupying major
part of the pro- and mesosomatic regions. The lateral ducts from the intestine are branched
within the gastric glands to collect the juice. The scorpion is carnivorous and predator but it
lives on liquid diet. The food includes various insects and spiders. As it hunts in darkness, the
food is found only when it comes in contact with the pedipalps and legs. It rarely chases the
prey. The chela of the pedipalps strongly grabs the prey, which is then repeatedly stung. The
prey is then brought beneath the pre- oral cavity and with the action of chelicerae is torn into
fragments. Here the food comes in contact with various enzymes like amylases, lipases and
proteases. Only the digested part of the food is sucked inside the pharynx. Undigested part and
the exoskeletal part of the prey are discarded from pre-oral cavity. From intestine, food enters
within the lateral ducts, where it comes in contact with juices from the liver for complete
digestion. Residual matters are finally ejected through the anus. There are four pairs of booklungs, one pair in each of the third, fourth, fifth and sixth mesosomatic or preabdominal
segments. It is believed that book-lungs have evolved from the book-gills that are found in the
aquatic horse-shoe crabs e. These are the respiratory surfaces. The lamellae are arranged
vertically one after the other giving the appearance of the leaves of a book. Each book-lung
opens to the exterior through an oblique opening, called stigma or spiracle. The stigma leads
into a proximal small chamber, called atrial chamber or atrium. The outer side of the lamellae
bears fine bristles which keep the adjacent lamellae separate, and the space between the two
lamellae, called inter-lamellar space, is filled with air. The edges of the lamellae remain attached
with the wall of the palmonary sac by one end, while the other end remains free. Each lamella
contains a hollow cavity through which blood flows. The venous blood from ventral sinus is
sent to each book-lung. The blood is aerated in the lamellae of each book- lung and returns
through pulmonary vein which opens into the pericardial sinus. The working of special set of
muscles, called dorsoventral muscles and atrial muscles, cause the contraction and relaxation
of book-lungs. When the atrial muscles and dorsoventral muscles relax, the book-lungs resume
their normal shape by rushing the air inside through stigma to the atrial chamber and
inter-lamellar spaces. Like that of prawn, blood is bluish in colour due to the presence of a
copper containing respiratory pigment, called haemocyanin, dissolved in the plasma. In this
liquid are suspended large and oval leucocyte-like corpuscles. Elongated and tubular heart is
present in mid-dorsal region and extends between eighth and fourteenth segments. The heart
consists of seven chambersâ€”one in each of these segments Fig. Heart is placed within a
haemocoelomic space called pericardium. Each chamber is in communication with the
pericardial cavity by means of a pair of valve-like openings, ostia. From each chamber of the
heart arises a pair of lateral arteries in each segment. At the anterior end, heart sends a truncus
arteriosus or anterior aorta, which sends a pair of branches to the alimentary canal and then
bifurcates to form two vessels to supply different parts of the prosoma. The two branches
towards the alimentary canal encircle the digestive tube and unite on its ventral side. After
union, it runs posteriorly above the ventral nerve cord and becomes supraneural artery. It sends
branches to the different parts of the posterior region. Five large sinusesâ€”the pericardial, the
dorsal, the ventral and the two laterals are present in scorpion for collecting blood. The dorsal
sinus is placed above the pericardial sinus. The contraction of heart drives blood to the
different parts of the body through the arteries. The arteries finally open into the
haemocoelomic spaces at the different parts of the body. The deoxygenated blood from
different parts of the body is collected first within lacunae and then into dorsal and lateral
sinuses. Finally, the deoxygenated blood comes to the ventral sinus. The oxygenated blood
from each book lung returns to the pericardium through a pulmonary vein. When the heart
expands, the blood from pericardial space enters within the cavity of the heart through ostia.
Two to four Malpighian tubules are present near the beginning of the metasomatic part of the
intestine. One end of these thread-like tubes opens within the intestine. The other end is blind
and removes excretory material as guanin and uric acid. Malpighian tubules in scorpion have
different embryonic origin and thus are not homologous to those of insects. One Malpighian
tubule enters within the salivary gland and the others penetrate within the lobes of the liver.
These paired glands are present in the prosomatic region, one on each side and near the base

of third walking leg. Internally, each gland has three partsâ€” end sac, labyrinth and bladder.
The coxal glands usually eliminate uric acid. The lymph tissue organ is absent in the family
Buthidae. The nervous system Fig. It consists of a pair of small supra-oesophageal ganglia or
brain situated in the prosoma and in between the median eyes Figs. In each side, the brain
sends a circumoesophageal connective. It encircles the oesophagus and unites with a
ventromedian suboesophageal ganglion. The suboesophageal ganglion is formed by the fusion
of ganglia of second to eleventh segments. A double ventral nerve cord arises from the
suboesophageal ganglion and runs posteriorly up to the fourth segment of the metasoma. The
nerve cord bears three ganglia in the mesosomal part Pre abdominal ganglia and four in the
metasoma Postabdominal ganglia. The last metasomal ganglion is formed by the fusion of
ganglia belonging to eighteenth and nineteenth segments. From brain arises a pair of optic
nerves to supply median and lateral eyes. Numerous slender nerves also originate from brain to
innervate the pre-oral cavity, pharynx and oesophagus. From sub-oesophageal ganglion six
pairs of lateral nerves arise to supply the prosomal appendages and two to four pairs of vagus
nerves to supply the pectines, genital operculum and first two pairs of book-lungs in the
mesosomal part of the abdomen. The two pairs of posterior or metasomal book-lungs are
supplied by nerves from the first two metasomal ganglia. These are fine hair-like structures with
supply of nerve fibres. Such hairs are sparsed all over the cuticle. Within the bothrium the seta
bends and gradually tapers within a fluid-filled cylinder to become a helmet-like structure. This
helmet-like tip of the seta is supplied by branches of nerve fibres. Each trichobothrium is
capable of moving the seta in one direction only and is sensitive to air current. There are about
trichobothria on each chela and are arranged in different planes. These sense organs are
distributed all over the body, but are usually crowded over the appendages. Each slit sense
organ consists of an outer slit with an epicuticular membranous covering. Each slit measures
nearly 0. The slit leads into a crevice which penetrates within the pro-cuticle as a
membrane-lined tube. Numerous fine nerve fibres supply the inner wall of the tube. The sense
organ chiefly reacts to the movement of the joint and also works as vibration receptor. The
structure of pectine has already been described. These are tactile sense organs and play
important role in food capture. Both the median and lateral eyes are simple and are provided
with lens. The median eyes are diplostichus type; here the hypodermal cells in the lower part of
the lens are transformed into a vitreous body and the rhabdome of the retinulae is made up of
five rhabdomeres. The lateral eyes are monostichus type. Here vitreous body is absent and the
structure of rhabdome is irregular. The function of both the median and lateral eyes is not
understood. Being a nocturnal animal it depends very little on eyes. It shows negative
phototropism but is often attracted by strong glare of light, i. Scorpions have separate sexes
but the sexual differences are not distinct. The males are marked with narrower abdomen and
powerful pedipalpi than females. Thread-like sperm cells are collected from the testes by a pair
of vasa deferentia. Each vas deferens begins from the outer border of the testis and runs
anteriorly along the lateral wall of the body cavity. Each vas deferens opens within a genital
chamber. Immediately before opening into the genital chamber, the vas deferens receives
accessory gland and a broad seminal vesicle. Posteriorly, the genital chamber is drawn into a
bag-like paraxial organ, which contains a spiny and grooved chitinous rod, called flagellum. The
two genital chambers unite to form a common genital chamber, which opens to the exterior
through a genital pore beneath the genital operculum in the first mesosomal segment. The
sperms remain stored in the seminal vesicle. The paraxial organ produces a structure, called
spermatophore. During copulation, the spermatophore enters the genital chamber and receives
the sperm cells from the seminal vesicle. Each spermatophore consists of a lower stem and a
base for attachment and the stem bears a sperm container and an ejection apparatus. The
female reproductive organ or ovary is single and it includes three elongated tubes or ovarioles,
with numerous tubular interconnections Fig. It is present in the same position of pre-abdomen
as that of testes in the male. Within the inner lining of the tubular ovariole, the eggs or ova are
produced but are not released before fertilization. Within the ovary the eggs grow on bud-like
processes, called follicles, which may be of varied shapes in different scorpions. Two oviducts,
one from each lateral ovarioles, run anteriorly and unite to form a common oviduct or genital
chamber. The chamber opens to the exterior through small opening beneath the genital
operculum. At this time, the male, with the help of its anterior pairs of legs, touches the pectines
and genital opercula of the female. The pectines of male frequently touch the surface and its
posterior legs perform a scratching movement on the surface. Formerly, it was thought that the
nuptial dance of scorpion is to excite female. But now its correct meaning is understood. This
dance is intended only to find a suitable surface for depositing the spermatophore. When the
spermatophore is deposited, the male drags the female over it. The pectines of male play
important role in finding the suitable surface. The scorpions may be viviparous or

ovoviviparous, depending upon the content of yolk in the egg. In the viviparous forms the yolk
content is poor. Such fertilized eggs grow on the follicles of the ovary. In the embryo, seven
pairs of appendages appear in the mesosoma but the appendages in the fourth to seventh
segments are tucked in to form the book-lungs. Newly born- scorpion resembles its mother and
immediately after birth climbs on her back. It remains there for days and undergoes there
moults. It then starts independent life but maturity takes years to complete and during that time
the scorpion moults seven times. Top Menu BiologyDiscussion. Metamorphosis: Kinds, Events
and Role of Hormones. Top 22 Insect Species Found in India. This is a question and answer
forum for students, teachers and general visitors for exchanging articles, answers and notes.
Answer Now and help others. Answer Now. Here's how it works: Anybody can ask a question
Anybody can answer The best answers are voted up and rise to the top. Arthropod , phylum
Arthropoda , any member of the phylum Arthropoda, the largest phylum in the animal kingdom ,
which includes such familiar forms as lobsters , crabs , spiders , mites , insects , centipedes ,
and millipedes. About 84 percent of all known species of animals are members of this phylum.
Arthropods are represented in every habitat on Earth and show a great variety of adaptations.
Several types live in aquatic environments , and others reside in terrestrial ones; some groups
are even adapted for flight. The distinguishing feature of arthropods is the presence of a jointed
skeletal covering composed of chitin a complex sugar bound to protein. This nonliving
exoskeleton is secreted by the underlying epidermis which corresponds to the skin of other
animals. Arthropods lack locomotory cilia , even in the larval stages, probably because of the
presence of the exoskeleton. About one million arthropod species have been described, of
which most are insects. This number, however, may be only a fraction of the total. Based on the
number of undescribed species collected from the treetops of tropical forests, zoologists have
estimated the total number of insect species alone to be as high as 5. The more than 48,
described species of mites may also represent only a fraction of the existing number. The
phylum Arthropoda is commonly divided into four subphyla of extant forms: Chelicerata
arachnids , Crustacea crustaceans , Hexapoda insects and springtails , and Myriapoda
millipedes and centipedes. Some zoologists believe that arthropods possessing only
single-branched appendages, particularly the insects, centipedes, and millipedes, evolved from
a separate ancestor and therefore group them within a separate phylumâ€”the Uniramia, or
Atelocerata; however, in this treatment these forms are dispersed among several subphyla. In
addition, the phylum Arthropoda contains the extinct subphylum Trilobitomorpha. This group is
made up of the trilobites , the dominant arthropods in the early Paleozoic seas Trilobites
became extinct during the Permian Period The myriapods centipedes, symphylans, millipedes,
and pauropods live beneath stones and logs and in leaf mold; insects are found in all types of
terrestrial habitats and some have invaded fresh water. The sea has remained the domain of the
crustaceans, however, and only at its very edges are insects subphylum Hexapoda found. The
subphylum Crustacea contains mostly marine arthropods, though many of its members, such
as the crayfish , have invaded fresh water, and one group, the pill bugs sow bugs , has become
terrestrial, living beneath stones and logs and in leaf mold. In the sea, large crustaceans such
as crabs and shrimps are common bottom-dwelling arthropods. Many minute species of
crustaceans particularly the copepods are an important component of the zooplankton floating
or weakly swimming animals and serve as food for other invertebrates, fishes, and even whales.
Most members of the subphylum Chelicerata belong to the class Arachnida, containing the
spiders , scorpions , ticks , and mites. They are largely terrestrial arthropods, living beneath
stones and logs, in leaf mold, and in vegetation, but there are some aquatic mites that live in
fresh water and in the sea. There are also many parasitic mites. Two small classes of
chelicerates, the Merostomata , containing the horseshoe crabs , and the Pycnogonida ,
containing the sea spiders , are entirely marine. The merostomes are an ancient group and
probably gave rise to the arachnids. Indeed, the earliest known fossil scorpions were aquatic.
This article discusses the arthropods as a group. For specific information on the most
significant subphyla and classes of arthropods, see crustacean ; arachnid ; insect. See also
myriapod. Arthropod Article Media Additional Info. Article Contents. Print print Print. Table Of
Contents. While every effort has been made to follow citation style rules, there may be some
discrepancies. Please refer to the appropriate style manual or other sources if you have any
questions. Facebook Twitter. Give Feedback External Websites. Let us know if you have
suggestions to improve this article requires login. External Websites. Animal Diversity Web Arthropod. Articles from Britannica Encyclopedias for elementary and high school students.
Robert D. Author of Invertebrate Zoology. Spiny lobster, or rock lobster Palinurus elephas.
Wasp spider Argiope bruennichi , a species of orb-weaver spider. Centipede genus
Scolopendra. Palaechrysophanus hippothoe , an iridescent butterfly. Get a Britannica Premium
subscription and gain access to exclusive content. Subscribe Now. Pill bugs Armadillidium

vulgare. The horseshoe crab genus Limulus has compound eyes that appear to have evolved
independently from the trilobites and the myriapods. It is thought that the single-chambered
eyes of spiders and scorpions are descended from chelicerates such as Limulus. Load Next
Page. The root of the current tree connects the organisms featured in this tree to their
containing group and the rest of the Tree of Life. The basal branching point in the tree
represents the ancestor of the other groups in the tree. This ancestor diversified over time into
several descendent subgroups, which are represented as internal nodes and terminal taxa to
the right. You can click on the root to travel down the Tree of Life all the way to the root of all
Life, and you can click on the names of descendent subgroups to travel up the Tree of Life all
the way to individual species. To learn more about phylogenetic trees, please visit our
Phylogenetic Biology pages. See the papers listed in the References section. This tree does not
include most of the diverse extinct lineages of the early Paleozoic. Akam, M. Arthropods:
Developmental diversity within a super phylum. Averof, M. Insect-crustacean relationships:
Insights from comparative developmental and molecular studies. Hox genes and the
diversification of insect and crustacean body plans. Nature Ballard, J. Ballard, G. Olsen, D.
Faith, W. Odgers, D. Rowell and P. Evidence from 12S ribosomal RNA sequences that
onychophorans are modified arthropods. Science Bitsch, C. Phylogenetic relationships of basal
hexapods among the mandibulate arthropods: a cladistics analysis based on comparative
morphological characters. Zoologica Scripta 33 6 Blaxter, M. Evolutionary biology - Sum of the
arthropod parts. Boore, J. Collins, D. Stanton, L. L Daehler, and W. Deducing the pattern of
arthropod phylogeny from mitochondrial DNA rearrangements. Lavrov, and W. Gene
translocation links insects and crustaceans. Briggs, D. The early radiation and relationships of
the major arthropod groups. Fortey and M. How big was the Cambrian explosion? A taxonomic
and morphologic comparison of Cambrian and Recent arthropods. Pages in Evolutionary
Patterns and Processes D. Lees and D. Edwards, eds. Brusca, R. Unraveling the history of
arthropod diversification. Annals of the Missouri Botanical Garden Budd, G. The morphology of
Opabinia regalis and the reconstruction of the arthropod stem-group. Lethaia Progress and
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myriapods? Entomologia Scandinavica Suppl. Dunlop, J. Pycnogonid affinities: a review.
Edgecombe, G. Devonian terrestrial arthropods from Gondwana. Arthropod fossils and
phylogeny. Columbia University Press, New York. Myriapod phylogeny and the relationships of
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we will discuss about Palaemon Malcolmsonii:- 1. Habit and Habitat of Palaemon Malcolmsonii
2. External Features of Palaemon Malcolmsonii 3. Appendages 4. Body Wall 5. Muscular System
6. Endophragmal Skeleton 7. Digestive System 8. Respiratory System 9. Blood Vascular System
Reproductive System Fertilisation and Development Endocrine System. Palaemon inhabits
freshwater streams, rivers, lakes and ponds. It is a nocturnal creature and lies hidden at the
bottom during the day and comes to the surface during night in search of food. It prefers slow
moving clean water and feeds on algae, mosses and other weeds, small insects and the debris,
i. It walks slowly at the bottom with the help of walking legs and swims actively at the surface
with the help of swimmerets pleopods. The body of Palaemon is elongated, bilaterally
symmetrical. The size of the adult Palaemon varies considerably in different species. The young
specimens are transparent, pale yellow or perfectly white in appearance, but the older
specimens are differently tinted according to the species. The colour is generally pale blue or
greenish with brown or orange-red patches and bands of different patterns. The preserved
specimens assume deep orange-red colour on a white or yellow background. The body of adult
Palaemon Malcolmsonii is consisting of nineteen appendage bearing segments having two
distinct regions an anterior rigid cephalothorax and a posterior movable abdomen. The
cephalothorax is somewhat cylindrical in shape and is un-jointed; no external segmentation is
marked. It is formed by the union of head comprising five appendage- bearing segments and the
thorax comprising eight segments. The abdomen, rounded dorsally but compressed laterally, is
jointed, i. The abdomen is often turned downwards. Each segment of the abdomen carries a pair
of jointed appendages called pleopods or swimmerets. The entire body and the appendages are
covered by a hard and chitinous cuticle which forms exoskeleton. The exoskeleton is hardened
by deposit of salts of lime and is coloured with various pigments. The hard pieces of
exoskeleton are called sclerites which are joined by softer cuticle forming arthrodial membrane.
The cephalothorax consists of a head and thorax, the head is covered with a dorsal plate and
thorax with a carapace. The dorsal plate and carapace are completely fused to form a
continuous dorsal shield. The dorsal shield is produced in front into a rostrum which is laterally
compressed and is serrated. At the base of rostrum, on either side is an orbital notch which
accommodates the stalk of compound eye. The dorsal plate has two short spines on each side,
they are an antennal and a hepatic spine. The carapace hangs down on the sides of the thorax
as a branchiostegite or lateral plate which encloses the gill chamber. On the ventral side of head
and thorax are chitinous sclerites called sterna. The cephalothorax is joined to the abdomen by
a calcified hardened arthrodial membrane. The dorsal shield covers the head and thorax
dorsally and laterally. On the ventral side are sterna, they are an anterior most ophthalmic
sternum, behind it an antennular sternum, followed by an antennal sternum or epistome to
which a medium labrum is attached. The third and fourth segments have no sterna. The sterna
of segments 5 to 13 have fused to form a floor. On the sides of segments 5 to 13 are 9 pairs of
chitinous sclerites called epimera, one epimeron on each side of a segment. In the abdomen
each segment has a dorsal tergum or tergite which is broad and curved, a narrow ventral
sternum or sternite, on each side is a pleuron formed from the tergum. On each side in the
thorax and abdomen the pleuron is joined to an appendage by an epimeron which is a part of
the pleuron. Between the segments the two terga are joined by an inter-tergal arthrodial
membrane, and two sterna by an inter-sternal arthrodial membrane. In the abdomen each
segment articulates with the other laterally by pair of hinge-joints made of a ball and socket
which permit movement of a segment on another in a vertical plane, but there is no movement
from side to side. These are paired; each situated on a raised papilla at the inner surface of the
coxa of antennae. These are paired; each situated in a depression at the dorsal surface on the
basal podomere precoxa of antennules. These are also paired; each situated at the inner
surface of the coxae of fifth pair of walking legs. From the ventrolateral margin of each segment
arises a pair of appendages or limbs. All the appendages are biramous L. Each appendage has
a basal stalk or protopodite made of two joints or podomeres, a lower coxapodite or coxa and
an upper basopodite or basis. From the protopodite arise two rami, an inner endopodite and an
outer exopodite, each of which may be composed of one to several podomeres. The first
appendage is not comparable in detail with the others, it is uniramous. Each appendage has a
cuticular exoskeleton which is divided in most into tube-like segments or podomeres connected
to one another by soft articular or arthrodial membrane, thus, a joint is created at each junction,
these joints enable the podomeres of appendages to move. In each podomere are two
protractor and two retractor muscles attached to the inner surface of cuticle. Flexion and
extension of appendages are brought about by the muscles, with the muscles and cuticle acting
together as a lever system. This co-ordination of muscular and skeletal systems for locomotion
is essentially the same as in vertebrates, the only difference is that in arthropods muscles are
attached to the inner surface of an exoskeleton, whereas in vertebrates the muscles are

attached to the outer surface of an endoskeleton. In Palaemon, however, as referred to, all the
appendages are built on a biramous plan except the first but they are modified variously; it is
because of their different functions. Of the five pairs of cephalic appendages, first two, i.
Antennules are uniramous. Each antennule consists of a protopodite having three podomeres,
precoxa, coxa and basis and a pair of slender many jointed feelers. The precoxa is very large
and bears a depression, containing the opening of statocyst on its dorsal side and a spiny lobe
called stylocerite on its outer margin. The coxa is short and cylindrical. The basis is longer than
coxa. From the basis arises a pair of long, jointed feelers which are probably not homologous
with the exopodite and endopodite of a typical appendage. The outer feeler is divided into two
unequal branches. Antennule is tactile and its statocyst is for equilibration. Antennules are
homologous with the antennae of other mandibulate classes. The antennae are situated, one on
either side, just below and behind the antennules. The protopodite is considerably swollen due
to the presence of the excretory organ within it, which opens by minute renal aperture on the
inner margin of coxa. The exopodite is broad leaf-like plate, the squama, while the endopodite is
long many jointed feeler. The squama bears setae along its inner and distal margin and
probably serves the function of a balancer during swimming. The antennae are tactile, excretory
and balancing in function. The mandibles are short but stout appendages, lying one on each
side of the mouth. The greater part of each mandible consists of the coxa which is differentiated
into a proximal spoon-shaped apophysis and a solid distal head. The head consists of two parts
a molar process with five or six dental plates and a flat plate-like incisor process with three
teeth. The outer margin of the head carries a small three jointed mandibular palp. The proximal
segment of the mandibular palp represents the basis of the protopodite, while the two distal
segments represent the endopodite. The exopodite is absent. The mandibles are masticatory in
function. The maxillulae are small, thin and leaf-like appendages. Coxa and basis are broad, and
project inwards as jaws or gnathobases Gr. Endopodite is curved and bifurcated terminally, it
has small hooks. Exopodite is absent. The maxillulae are used for passing food to the mouth.
The maxillae are also thin and leaf-like appendages. The coxa is very small and incompletely
divided into two, while the basis is larger forming a bifurcated gnathobase with stiff setae at its
inner end. The endopodite is small, while the exopodite forms a large fan-shaped
scaphognathite or baler with plumose bristles along its border. The scaphognathite projects
into a gill-chamber causing a current of water on the gills. Maxillae have both feeding and
respiratory function. The thoracic appendages consist of the anterior three pairs of maxillipedes
Gr. The first maxillipedes or foot jaws are thin and tend to be phyllopodium. Coxa and basis
form flat leaf-like gnathobases or endites by its inner borders. On its outer side coxa bears a
bilobed leaf-like epipodite which acts as a gill. The endopodite is small and unsegmented. The
exopodite is longer and bears a thin plate-like expansion from its base. The margin of exopodite
and endopodite are fringed with setae. First maxillipedes hold the food and also server the
function of tactile and respiratory organs. The coxa is small with an epipodite and a gill on its
outer border. The exopodite is long and slender. The endopodite arises from the basis and
consists of five podomeres called ischium, merus, carpus, propodus and dactylus. Of these
propodus and dactylus lie parallel and form a cutting plate with bristles. Second maxillipedes
are tactile, hold food and are respiratory. The third maxillipedes are distinctly leg-like in
appearance. The coxa bears a small epipodite on its outer side. The basis is small and supports
a slender unjointed exopodite and an elongated endopodite consisting of three podomeres. In
the endopodite the first podomere represents fused ischium and merus, second is the carpus
and third represents fused propodus and dactylus. The exopodite is thickly covered with setae
all along its length. Third maxillipedes are tactile, hold food and are respiratory. The five pairs of
walking legs of Palaemon differ from the maxillipedes in the absence of the exopodites and
epipodites. A typical walking leg, like the fourth, consists of a two jointed protopodite and a five
jointed endopodite. The protopodite consists of a short ring-shaped coxa and a triangular basis.
All the seven podomeres are arranged in a linear series and are movably hinged together. In the
first and second pairs of walking legs the propodus is prolonged distally beyond its articulation
with the dactylus, so that the two podomeres work one against the other like the blades of a pair
of forceps forming a chela or pincers with sharp terminal claws. In fact, dactylus is movably
articulated to propodus. Such legs are called chelate legs or chelipeds, and are used to catch
the prey and transfer it to the mouth and also serve as organs of offense and defence. The
second chelate legs in male are larger and more powerful than in the female. The third, fourth
and fifth pairs of walking legs are typical and non-chelate. In female, each of the third leg bears
a crescentic female genital aperture on the inner side of its coxa, while in male, each of the fifth
leg bears a slit-like male genital aperture on its side of the arthrodial membrane connecting the
leg and thorax. The six pairs of abdominal appendages are known as pleopods or swimmerets.
Abdominal appendages are simple and typical biramous type. The third abdominal appendage

may be taken as a typical type. Protopodite consists of only two podomeres, a short ring-like
proximal coxa and a long cylindrical distal basis. The basis bears flattened leaf-like smaller
endopodite and larger exopodite. Closely applied against the inner margin of the endopodite,
there is a short and slender, slightly curved rod called appendix interna with a knob-like head,
bearing many hook-like processes. In the female, second, third, fourth and fifth abdominal
appendages serve to carry eggs in the breeding season. The appendix interna of each of these
appendages becomes interlocked with its fellow of the opposite side, thus, leading to the
formation of a series of bridges on the ventral side of the abdomen which serve to carry the
eggs. The remaining five abdominal appendages resemble this typical appendage in all
essential features but there are small differences which are given below. In the first abdominal
appendages, the endopodite is greatly reduced and the appendix interna is totally absent. In the
second abdominal appendages of male, the appendix interna gives off on its inner side an
additional process called appendix masculina lying in between the appendix interna and
endopodite. The sixth or uncalcified the last pair of abdominal appendages are very large and
form broad flat plates and lie one on either side of the telson. These appendages are called
uropods or tail feet. In the uropod, the coxa and basis are fused together to form a sympod. The
exopodite and endopodite are oval and oar-shaped. The exopodite is broad and large and is
divided into two unequal parts by a transverse suture. The endopodite is slightly smaller and is
undivided. The margins of exopodite and endopodite, except the outer border of the exopodite,
are fringed with long plumose setae. The two uropods with the telson form a fan-like tail fin
which causes the strong and rapid backward spring of prawn in swimming. The body wall of
Palaemon Malcolmsonii Fig. The body is covered with a thick two- layered cuticle, the outer
layer is a thin non-chitinous epicuticle and an inner layer is a thick laminated endocuticle. The
epicuticle is made of an outer lipoid layer and an inner protein layer. It is produced into spines
and setae of different forms and bears, at places, the fringes of setae. The endocuticle contains
layers of chitin and has three successive layersâ€”the outermost layer is a thin pigmented layer,
below it is a thick calcified layer and under it is an uncalcified layer. The pigmented layer is dark
due to protein deposits and it becomes hardened by a process of tanning or sclerotisation. In
the calcified layer are deposists of carbonates and phosphates of calcium which make the
integument hard. The chitin is an acetate of a polysaccharide containing glycosamine. The
cuticle is relatively impermeable, except where it is thin and allows the passage of gases or
absorption of water. The cuticle is cast off once a year in the adult, this is called moulting or
ecdysis. Below the cuticle is a thick epidermis. It comprises a layer of glandular columnar
epithelial cells resting on a thin basement membrane. Below the epidermis is dermis. The
dermis is made of loose connective tissue containing the blood lacunae. Situated within the
connective tissue layer are a number of tegumental glands. Each gland consists of a cluster of
secreting cells with nuclei placed at their bases. Each gland-cell has a capillary canal and the
canals of all the gland-cells join together in the centre of the gland to open into a long narrow
cuticular duct leading to the exterior on the surface of the epicuticle. In the connective tissue
are also found chromatophores. The epicuticle is non-chitinous and is secreted by the
tegumental glands, while endocuticle is chitinous and is secreted by the epidermis. The
muscles are almost all entirely striped, they are all longitudinal, except in the heart and arteries
where they are circular. The muscles are concerned with extension and flexion of abdomen and
appendages. Seven pairs of extensor muscles arise from the six abdominal segments and
telson, they run dorsally and are inserted on the lateral wall of the thorax, when these muscles
contract they extend arid straighten the abdomen. There are five paires of abdominal flexor
muscles arising from the first five abdominal segments, they lie ventrally and are very strong,
they are inserted on the sterna, epidermis and thoracic wall. When flexor muscles contract they
bend the abdomen. The appendages have hollow, tubular podomeres, two adjacent prodomeres
being connected by a hinge joint having a soft arthrodial membrane which permits movement.
Each podomere has two extensor and two flexor muscles joined to preceding and succeeding
podomeres, the flexor muscles bend the podomere and extensor muscles straighten it. In
Crustacea each muscle has only two to five nerves, they are motor and sensory nerves, besides
which there is an inhibitory nerve which inhibits or checks muscles contraction. An internal
skeleton is formed by ingrowths of the cuticle called apodemes which serve for insertion of
muscles. In prawn apodemes unite to form an endophragmal skeleton. It consists of rods lying
between epimera and sterna of cephalothorax. Between third and fourth segments are two large
apodemesjoined by a transverse fibrous strand, together they form a cephalic apodeme for
attachment of mandibular muscles. In succeeding segments on each side there are two
adjacent apodemes, an endopleurite arising from the epimeron, and an endosternite arising
from the sternum. Between segments 11 and 12, and 12 and 13 there arises on each side from
the endosternite a Y-shaped rod, its inner arm is mesophragm and outer arm! In Palaemon

Malcolmsonii, the digestive system is composed of alimentary canal and hepatopancreas. The
alimentary canal consists of foregut, midgut and hindgut. The foregut comprises the mouth,
buccal cavity, oesophagus and stomach. The foregut and hindgut have an internal lining of
cuticle intima but the midgut has a soft lining of endoderm. The mouth is a large slit-like
aperture situated mid-ventrally below the anterior end of head between the third and fourth
segments. It is bounded in front by a shield-shaped labrum, on the sides by the incisor
processes of the mandibles, and behind by the labium which is cleft to form two lobes or
paragnatha. The mouth leads into a short buccal cavity. It is anteroposteriorly compressed and
has a thick chitinous lining which is thrown into irregular folds. The molar processes of the
mandibles project into the buccal cavity from two sides to crush the food between them. The
buccal cavity leads into short but broad oesophagus running almost vertically upwards from
the buccal cavity to the stomach. Internally the thick muscular wall of the oesophagus is thrown
into four prominent longitudinal folds projecting into the lumen. Of these folds, the anterior is
short but the posterior and lateral folds are longer and more prominent. Each of the lateral folds
being subdivided into two smaller unequal folds. The oesophagus leads into a spacious
chamber, the stomach, which occupies most of the cephalothoracic cavity. It is surrounded
laterally, ventrally and posteriorly by the hepatopancreas. Cardiac and pyloric stomach are
separated by a number of valves. The cardiac stomach is lined internally with delicate cuticle or
intima. The inner lining of intima is produced into a very large number of inconspicuous
longitudinal folds covered by minute bristles. The wall of the stomach is supported by some
cuticular plates embedded in its internal lining. The anterior wall of the oesophageal opening is
covered by a thin circular cuticular plate and there is a similar lanceolate plate on the anterior
part of the roof of the cardiac stomach the cardiac stomach. A large triangular plate is
embedded in the middle of the floor of cardiac stomach, it is called the hastate plate because it
looks like the head of a spear. The upper surface of hastate plate is covered with a thick growth
of delicate setae and bears a distinct median ridge with gradually sloping sides. The posterior
triangular part of the plate is depressed, thickly fringed with setae all along its posterior border
and forms the anterior valve of the cardio-pyloric aperture. The lateral sides of the hastate plate
are supported beneath by a pair of longitudinal cuticular supporting rods. A narrow lateral
groove runs along either lateral border of the hastate plate. Each lateral groove is bounded on
its inner side by the supporting rod and on the outer side by a long cuticular ridged plate. The
inner border of each ridged plate is forged all along with a row of closely set delicate bristles,
forming a long comb-like structure, therefore, called a combed plate. The bristles of combed
plate cover the lateral groove and partially overlap the lateral margins of the hastate plate. The
fine bristles of the comb plate constantly keep moving to and fro over the outer margin of the
hastate plate. The two combed plates united anteriorly, and completely enclose the hastate
plate except that their incurved posterior ends remain separated by the cardio-pyloric aperture.
Just outside the combed plates, the wall of cardiac stomach is folded on each lateral side to
form two bluish black lateral longitudinal folds. These folds are low in front but gradually
increase in height behind, but posteriorly the high walls of these folds bend inwards over the
cardio-pyloric aperture. These lateral longitudinal folds are also known as guiding ridges
because they guide the food towards the cardio-pyloric aperture. The cardio-pyloric aperture is
narrow X-shaped and is guarded by four valves. The anterior valve is formed by the low-lying
posterior triangular area of hastate plate, the lateral valves by the large flap-like posterior ends
of guiding ridges and posterior valve by a semi-lunar fold of posterior wall of cardiac stomach.
The cardio-pyloric aperture leads into the pyloric stomach. The pyloric stomach is a very small
and narrow chamber lying below the posterior end of the cardiac stomach. Its walls are thick
and muscular, they divide the lumen of the pyloric stomach into a small dorsal chamber and a
large ventral chamber, the two communicating with each other by a narrow vertical slit-like
aperture. The floor of the chamber is raised into a median longitudinal ridge so as to divide its
cavity into two lateral compartments. The floor of ventral chamber is covered by a A-shaped
filter plate, each side of which is rectangular in outline and bearing a series of alternating
longitudinal ridges and grooves. The ridges bear rows of horizontal comb-like bristles which
form a felt-like covering over the grooves. The lateral walls of the ventral chamber are also lined
with thick cuticle covered with closely set bristles, which together with the filter plate form an
efficient filter or strainer. The A-shaped plate is, therefore, called the pyloric filter plate which
allows only liquid food to pass through it. The two openings of the duct of hepatopancreas lie at
the posterior end of the ventral chamber just behind the filtering apparatus. The dorsal chamber
gives off a short blind caecum before it becomes continuous with the midgut. The midgut is a
long, narrow, straight and slender tube running back along the median line above the mass of
the ventral abdominal muscles up to the sixth abdominal segment. The internal lining of midgut
is formed by epithelium which in the posterior part is thrown into many longitudinal folds, thus,

greatly reducing its lumen. The hindgut extends from the posterior end of the midgut to the
anus and forms the shortest portion of the alimentary canal. Anteriorly it is swollen into a thick
muscular sac called the rectum, while its posterior part is narrow and tubular which opens to
the exterior through the anus. The rectum bears several thick longitudinal folds which project
into the lumen of the hindgut. The anus is a longitudinal slit situated on the raised papillae and
it is provided with a sphincter muscle and a number of radiating muscle fibres. The
hepatopancreas or the so called liver is a large bilobed, compact, orange-coloured glandular
mass occupying a considerable area of cephalothoracic cavity. It lies immediately behind the
cardiac stomach but a part of it lies around the floor and sides of the stomach. Dorsally it is
covered over by the reproductive organs and the heart, while ventrally it overlies the nerve cord.
Developmentally it is formed from one pair of lateral tubular outgrowths, the hepatic caeca, of
the midgut. The hepatopancreas of adult consists of numerous glandular tubules branching in a
racemose manner, the branches are held together by the connective tissue as to form a
compact mass. The wall of the tubules is made of a single layer of columnar epithelial cells
having granular cells, ferment cells, hepatic cells and basal or replacing cells. The epithelial
cells rest on a basement membrane. The canals of the numerous tubules unite together at
intervals forming larger and larger canals, finally forming the two large hepatopancreatic ducts
which open into the ventral chamber of pyloric stomach just behind the pyloric filter plate, one
on each side. The hepatopancreas combines within itself the functions of the pancreas, liver
and small intestine of higher animals. Like the pancreas it secretes digestive ferments which are
capable of digesting carbohydrates, proteins and fats. Like the midgut it absorbs digested food
material. It also serves as an important storage organ for glycogen, fat and calcium like the
liver. The food of Palaemon Malcolmsonii comprises algae, moss and other aquatic weeds, and
occasionally some small aquatic insects and debris from the bottom of the water. The chelate
legs pick up the food and take it to the mouth, the second and third pairs of maxillipedes hold
the food in position for the mandibles, to cut up the food into small pieces by their incisor
processes, then food is transferred to the mouth. In the mouth cavity the molar processes of
mandibles crush the food which goes to the cardiac stomach through the oesophagus. The
smaller particles of the food from the cardiac stomach are passed on to the pyloric stomach.
The digestive secretion of the hepatopancreas is poured into the pyloric stomach through the
hepatopancreatic ducts. Secretion reaches the cardiac stomach and mixes with the food. By the
contraction and expansion of cardiac stomach the food is churned and also digested by the
digestive ferments. When the food passes over the hastate plate the moving bristles of the
combed plates cut it into fine particles. The food in the semi-liquid and semi-digested form is
filtered through the bristles of the combed plates, into the lateral grooves below, whence it is
carried into the ventral chamber of the pyloric stomach through the cardio-pyloric aperture. The
digested and liquefied food is filtered through the pyloric filter and it again enters the
hepatopancreas through the hepatopancreatic ducts and then becomes absorbed. The
hepatopancreas serves for digestion as well as for absorption. The residual food material,
consisting of undigested particles, ascends up the dorsal pyloric chamber and from there
enters the midgut. The remaining digested food is absorbed in the midgut. The undigested
faecal matter passes on to the posterior side of the hindgut and ultimately expelled through the
anus. Each gill chamber is enclosed between the branchiostegite or carapace on the outer side
and the thoracic wall on the inner side. The gill chambers open on all sides except dorsally. The
inner linings of branchiostegites are thin, membranous and highly vascular containing blood
lacunae. These are constantly bathed in freshwater, thus, forming the respiratory surfaces
which absorb oxygen dissolved in water and give out carbon dioxide. There are three pairs of
simple, leaf-like and highly vascular epipodites which are the outgrowths of the coxal
podomeres of three maxillipedes. The epipodites lie in the anterior part of the gill-chamber
below the scaphognathite. The epipodites serve as respiratory organs like the primitive gills.
There are eight gills or branchiae lying inside each gill-chamber but only seven of them are
exposed at once on the removal of gill-cover as the eighth lies hidden beneath the dorsal part of
the second gill. When a gill is attached to the coxa of an appendage, it is known as podobranch
or foot-gill. There is one podobranch attached to the coxa of each second maxillipede. When a
gill is attached to the arthrodial membrane connecting the appendage to the thorax, it is called
an arthrobranch or joint-gill. There are two arthrobranchs attached to the arthrodial membrane
of third maxillipede. When a gill is attached to the lateral wall of the segment having the limb, it
is called a pleurobranch or side-gill. There are five pleurobranchs attached to the lateral walls of
the thoracic segments bearing five walking legs. The number and disposition of respiratory
organs of each gill-chamber can be represented in the form of branchial formula as shown in
the following table:. The gills are more or less crescentic in shape with a gradual increase in
size anteroposteriorly, i. The dorsal end of each gill projects into the antero-dorsal depression

of the gill chamber, while its ventral end lies close to the lower margin of the gill cover. Each gill
is attached in the middle of its length to the thoracic wall by a small connection called the
gill-root. Nerves and blood vessels enter or leave the gills through the gill-roots. In Palaemon
Malcolmsonii, all the gills are phyllobranch, i. The gill plates are largest in the middle but
become gradually smaller towards the two ends of the gill. Between the two rows of gill- plates
runs a deep median longitudinal groove which opens into the gill- chamber at both the dorsal
and ventral ends of the gill. A transverse section of a gill reveals that the axis or base is roughly
triangular in outline and consists of central core of connective tissue enclosed by a layer of
epidermis which is externally protected by a thin cuticle. A gill plate is made up of single layer
of cells with cuticle on both sides. The cells are of two types, viz. Three longitudinal blood
channels run through each gill base. There are two lateral longitudinal channels, running along
the lateral margins, one on each side. The third is a median longitudinal channel, which runs
through the apex of gill base below the median groove of the gill. The two lateral longitudinal
channels are connected with each other by a series of small transverse connectives which
present a ladder-like appearance. At the place of attachment of each gill-plate on the axis, a
slender marginal channel is given off from each lateral longitudinal channel which runs all along
the margin of its gill-plate and opens into the median longitudinal channel. Non- aerated or
impurified blood from the body is brought to the gill by an afferent branchial channel which
opens into a transverse connective lying immediately against the root of the gill. The blood then
flows into both the lateral longitudinal channels and passes through the marginal channels and
reaches the median longitudinal channel. During this course the blood gets oxygenated. From
the median longitudinal channel of each gill all the oxygenated blood is carried by an efferent
branchial channel to the pericardial sinus and heart. The scaphognathite of each maxilla
vibrates constantly causing a current of water in the gill chamber. The freshwater enters the gill
chamber from behind in the form of a current along the posterior and ventral margins of the gill
cover. The water then flows over the gills and epipodites and reaches the antero-dorsal
depression of the gill chamber wherefrom it is expelled out at the anterior end by the baling
action of the scaphognathite. The gills and epipodites are richly supplied with blood and
exchange of gases takes place on the surface of gills and epipodites. The oxygen dissolved in
water is taken in by blood and carbon dioxide diffuses out in the water. The action of
scaphognathite is supplemented by the movements of the exopodites of maxillipedes. It is a
wide spacious sinus lying just below the dorsal wall of the thorax and above the reproductive
organs and hepatopancreas. The floor of pericardium is in the form of a thin horizontal
pericardial septum which is attached in front and behind to the dorsal body wall and on the two
sides to the lateral walls of the thorax. The pericardium is incompletely filled with blood which it
gets from the channels and passes into the heart, enclosed within the pericardium. The heart is
a muscular triangular structure with its apex in front and base behind. It is enclosed in the
pericardium in the median dorsal part of thorax dorsally to the alimentary canal. A median
longitudinal cardio-pyloric strand runs from the apex of the heart to the pyloric stomach and
two lateral strands, each extending from the lateral angle of the heart to the body wall. These
strands keep the heart in position inside the pericardium. The thick and muscular wall of the
heart is perforated by five pairs of apertures or ostia L. Each ostium is a small, slit-like opening
and its lips act as valves allowing blood to flow only in one direction, i. The ostia are so
distributed that the first pair lies mid-dorsally, second pair mid-ventrally, the third pair
posteriorly, the fourth pair antero-laterally and the fifth pair postero-laterally. In a transverse
section, the heart appears like a thick spongy meshwork of muscle fibres, the small cavities of
which represent the cavity of the heart. The cavity of the heart is not continuous but is traversed
by numerous muscle fibres. The oxygenated blood flows from the pericardial sinus into the
heart. When the heart contracts, it pumps out all its blood into narrow tubes which are thick,
strong and muscular and are known arteries. It is a single slender artery, which arises from the
apex of the heart. It runs forward just below the carapace along the mid-dorsal line of the renal
sac between the mandibular muscles. Anteriorly it reaches the roof of the oesophagus where it
joins the two antennary arteries. It supplies blood to the oesophagus, cardiac stomach and the
head. A pair of antennary arteries arise from the apex of the heart, one on each side of the
median ophthalmic. Each antennary artery runs obliquely forwards passing along the outer side
of the mandibular muscle. Each antennary artery passes forwards and again divides into a
dorsal and ventral branch. The dorsal branch divides into two sub-branches, of which the outer,
the optic artery supplies the eye, while the inner meets its fellow of the opposite side and the
median ophthalmic artery to form a loop-like artery, the circulus cephalicus which gives off a
pair of rostral arteries to the rostrum. The ventral branch also divides into two sub-branches,
one of which supplies the antennule, the antennulary artery and the other re-divides into two,
supplying the renal organ, the renal artery and antenna, the antennal artery. A pair of hepatic or

hepatopancreatic arteries arise from the heart of the ventro-lateral sides, one on each side just
behind the antennary. Each of them soon after its origin plunges downwards into the
hepatopancreas and ramifies within it. From the middle of the postero-ventral surface of the
heart arises a short stout median artery which immediately bifurcates into two branches a
slender supra-intestinal artery and a stout sternal artery. The supra-intestinal artery or dorsal
abdominal artery passes straight backwards along the dorsal surface of the intestine extending
up to the hindgut, where it divides into two branches, one on each side of the hindgut. It
supplies blood to the intestine and the dorsal muscles of the abdomen. The sternal artery is the
stoutest artery in the blood vascular system of Palaemon. It runs obliquely downwards passing
either to the left or to the right of the midgut. It then pierces through an aperture in the middle of
the ventral thoracic ganglionic mass to reach the ventral side where it divides into two
branches:. The veins are entirely absent in Palaemon, therefore, arteries open into the blood
sinuses or lacunae of the haemocoel. All the sinuses of the body eventually meet into a pair of
elongated and ill-defined ventral sinuses which are situated below the hepatopancreas and the
flexor muscles of the thorax. The ventral sinuses communicate with each other at several
places. From each ventral sinus blood is carried to the gill of that side by means of six afferent
branchial channels. As there are two ventral sinuses, the blood channels of both the sides are
six pairs. These channels are lacunar in nature and lie just on the inner side of the lateral
thoracic wall and innervate the gills through the gill-roots. The first channel supplies blood to
the two arthrobranchs and podobranch of the second maxillipede and the remaining five
channels supply blood to the pleurobranchs. The aerated blood from the gills of each side
returns to the pericardial sinus through another series of six efferent branchial channels which
also leave the gills through their gill-roots. Due to the rhythmic contraction of the heart, the
blood is pumped out of the heart into the arteries which carry the aerated blood to all the parts
of the body. The course of circulation of blood in the body of Palaemon can be diagrammatically
represented by the Fig. In Palaemon Malcolmsonii, the blood is a colourless, thin, watery fluid
containing floating colourless leucocytes or the white amoeboid corpuscles, which are
phagocytic in nature. The respiratory pigment is haemocyanin which is dissolved in the plasma
of the blood. Haemocyanin is a compound of copper and protein. When oxidised it is bright
blue, but is colourless when de-oxidised. The blood has the power of coagulation. The brain or
supra-oesophageal ganglion is a bilobed structure which lies at the base of rostrum, anterior to
the oesophagus. It is embedded in a thick mass of fat. It is formed by the fusion of several
ganglia as it appears from the fact that several nerves arise from it to innervate the eyes,
antennules, antennae and labrum etc. However, from segmentation point of view it is supposed
to be formed of protocerebrum, paired optic ganglia, mesocerebrum and metacerebrum. A pair
of antennulary nerves arise from below the origin of optic nerves. Each nerve enters the
antennule of its side into which it sends a statocystic branch to statocyst. A pair of stout optic
nerves arise from the dorsal surface of the brain, one on each side, to supply the compound eye
of its side. A pair of ophthalmic nerves arise from the brain, one on each side, and supply the
ocular muscles in the eye-stalks. A pair of stout antennary nerves originate from the ventral
surface of the brain. Each nerve divides into two branches, the outer innervating the squama
and the inner innervating the feeler of antenna. A pair of slender tegumental nerves arise just
behind the origin of antennary nerves. These nerves innervate the labrum. These are two stout
nerves, which arise from the posterior end of brain and run backwards and downwards around
the oesophagus. It unites ventrally with the sub-oesophageal ganglia which form the
indistinguishable anterior part of the ventral thoracic ganglionic mass. Each commissure bears
a small commissural ganglion near its anterior end, and gives off small nerve to the mandible of
its side. The two circumoesophageal commissures are connected with each other by a slender
transverse commissure near the posterior end. The ventral thoracic ganglionic mass is an
elongated oval structure situated immediately above the thoracic sternal plates in the
mid-ventral line. It is a composite mass which is formed as a result of fusion of the eleven pairs
of ganglia. It gives off eleven pairs of nerves on the lateral sides. The first three pairs are of
cephalic nerves, supplying the mandibles, maxillulae and the maxillae respectively. The last
eight pairs are of the thoracic nerves, of which the first three pairs give off branches to the three
pairs of maxillipedes respectively and the remaining five pairs supply the five pairs of walking
legs. Each nerve to a leg becomes bifurcated before entering the leg. The ventral thoracic
ganglionic mass is continued posteriorly into the ventral or abdominal nerve cord. It runs
posteriorly along the mid-ventral line of the abdomen up to the last segment. In each abdominal
segment there is an abdominal ganglion. The ventral nerve cord and the abdominal ganglia are
double. The last or sixth abdominal ganglion or stellate ganglion is comparatively large and is
formed by the fusion of paired ganglion of the sixth segment with a number of post-abdominal
ganglia. This ganglion supplies two pairs of nerves to the flexor muscles of the sixth segment,

two pairs of nerves to the uropods, two pairs of nerves to the telson, and a single median nerve
to the rectum and hindgut. The various nerves originating from the central nervous system to
innervate the different parts of the body constitute the peripheral nervous system. The
sympathetic or visceral nervous system is represented by a few small ganglia and nerves. A
small nerve arising from the posterior part of the brain, runs on the roof of the cardiac stomach
and bears two visceral or oesophageal ganglia, one anterior and another posterior. The anterior
visceral ganglion is joined with the two commissural ganglia by a pair of connectives. The
posterior visceral ganglion is free and gives off two pair of nerves to the muscles of the wall of
oesophagus and the cardiac stomach. Palaemon Malcolmsonii is dioecious, i. The males and
females can be distinguished from each other by a number of external characters which are as
follows:. In the males, the second pair of chelate legs are more elongated and more profusely
covered with spines and setae than in the females. In the males, each second pleopod bears an
additional process, the appendix masculina which lies between the appendix interna and the
endopodite. In the males, the epimera of the abdominal segments are smaller than in the
females, where they are bigger in size for carrying eggs. In the males, the paired genital
apertures are situated on the coxae of the fifth pair of walking legs, while in the females the
paired genital apertures are situated on the raised papillae on the coxae of the third pair of
walking legs. Reproductive organs consist of gonads which are similar in shape, size, position,
and general disposition in both the sexes. They are situated in the posterior region of the thorax
dorsally above the hepatopancreas and below the pericardium. Gonads are the hollow
enclosing remains of coelom, they are continuous with their ducts because of the reduction of
coelom. The male reproductive organs consist of a pair of testes, a pair of vasa deferentia, and
a pair of vesiculae seminales. The two testes are soft, white, elongated structures lying above
the posterior half of the dorsal surface of the hepatopancreas and below the pericardial sinus
and the heart. Anteriorly they extend as far as the renal sac and posterioly as far as the first
abdominal segment. At their anterior ends, the two testes fuse to form a common lobe, while
posteriorly they remain separate. In the middle region, the two testes are separated apart so as
to enclose a space through which extends the cardio-pyloric strand. Histologically, testis
reveals that it consists of a large number of lobules compactly held together by the connective
tissue. Each lobule has a thin wall consisting of an outer limiting membrane and an inner single
layered epithelium enclosing a large central cavity. The lumen of the lobules is always filled with
spermatocytes. Each spermatocyte gives rise to a single spermatozoon. A mature sperm
consists of a hemispherical cytoplasmic mass containing a large, dark, crescentic nucleus and
a short blunt tail-like process. From the posterior end of each testis arises a long coiled and
narrow tube, the vas deferens. Soon after emerging from the testis, each vas deferens forms a
much coiled mass and then runs vertically downwards between the thoracic wall on the outer
side and the abdominal flexor muscles on the inner side. On reaching near the coxa of the last
pair of walking legs, each vas deferens swells into a small club-shaped structure, the vesicula
serminalis, in which the sperms are stored in the form of white compact bodies called the
spermatophores. Each vesicula seminalis opens to the outside by a male genital aperture on the
arthrodial membrane of the coxa of the fifth walking leg of its side. Each male genital aperture is
covered by a small flap of integument. The two ovaries are white compact and sickle-shaped
structures. They are situated above the hepatopancreas and below the pericardial sinus and
heart. Both the anterior and posterior ends of the ovaries touching each other and leaving a gap
in the middle for the passage of the cardio-pyloric strand. The shape and size of the ovaries
vary considerably according to the age of the prawn and the season of the year. Like the testes,
the ovaries extend anteriorly up to the renal sac and posteriorly up to the anterior margin of the
first abdominal segment. Histologically, ovary shows that it is composed of a number of radially
arranged rows of ova in various stages of development. The immature ova lie towards the
centre, while the mature ones towards the periphery. Each developing ovum is being
surrounded by a number of small nutritive cells. A mature ovum has a rounded appearance with
a large nucleus and a cytoplasm full of yolk- granules. Each ovary is enclosed within in a
membranous capsule. Both the oviducts are short, wide and thin-walled tubes. Each oviduct
arises from the ovary at about the middle of its outer border having a broad funnel at its
commencement. It runs vertically downwards and opens by a female genital aperture on the
inner side of the coxa of the third walking leg of its side. The breeding season in Palaemon
malcolmsonii is during the months of May, June and July. Fertilisation is external. In copulation
a male puts the female down on her back and deposits sperms on the ventral surface near the
female genital pores. As the eggs come out of the female genital pores, they are fertilised by the
sperms already present there. The female lays eggs in large numbers. The eggs are large with
much yolk forming a central core, the yolk is surrounded by peripheral protoplasm. The
fertilised eggs are fastened to the pleopods by a sticky secretion of the tegumental glands.

During breeding season a single female prawn is found to carry several hundreds of eggs and
developing embryos. The development is direct and the embryos remain attached to the
pleopods until they hatch. A newly hatched embryo looks like a small prawn with all its
appendages except the last abdominals, i. The adult form is reached after a series of moults.
Palaemon Malcolmsonii, like other crustaceans, produces a large number of hormones. It is
believed that the sinus gland at the base of the eye-stalk is known to have a number of
hormones. They are supposed to control the spread of pigment in the chromatophores of the
epidermis and in the compound eyes. They also seem to have some regulatory power over
moulting and affect the deposition of lime salts in the exoskeleton. The blood probably
distributes the hormones like the higher forms. The exact mechanism by which the
physiological processes are carried out is still very obscure. Extensive research indicates that
there is an X-organ in the eye-stalk along with the sinus gland. Neurosecretory cells in the
X-organ and in the brain produce a moult-preventing hormone which is stored in the sinus
gland. When eye-stalks are removed experimentally from a non- moulting specimen, moulting
will occur in a few days because the inhibiting effect of the hormone is removed; when
eye-stalks from non-moulting specimen are implanted into the body of an eye- stalk-less
specimen, moulting is delayed. A Y-organ, which produces a moult-accelerating hormone, has
been described in some crustaceans. The interaction of the moult-preventing and
moult-accelerating hormones may be the regulatory device in the moulting process. For the
expansion and contraction of the pigments into and out of the chromatophore processes,
certain chromatophorotropic hormones in the sinus gland appear to be responsible as revealed
by the removal of the eye-stalks darkening effect or by the injection of eye-stalk extracts paling
effect. A specific hormone from the sinus gland is known to control the retinal pigment
movements also. Top Menu BiologyDiscussion. Mosquitoes and Human Diseases. This is a
question and answer forum for students, teachers and general visitors for exchanging articles,
answers and notes. Answer Now and help others. Answer Now. Here's how it works: Anybody
can ask a question Anybody can answer The best answers are voted up and rise to the top.
Some of the major living groups of arthropods: Subphylum Class Number of Antennae Number
of Legs Number of Body Parts Examples Chelicerates Arachnids None 4 pairs 8 2 cephalothorax
and abdomen Spiders , scorpions , mites, ticks Meristomata None 5 pairs 10 2 head and thorax
Horseshoe crabs Crustaceans Remipedia 2 pairs 4 8 or more 3 head, thorax [8 segments], and
abdomen Primitive crustaceans found in undersea caves Cephalocarida 2 pairs 4 8 or more 3
head, thorax [8 segments], and abdomen 9 species of tiny undersea crustaceans Branchiopoda
2 pairs 4 8 or more 3 head, thorax [8 segments], and abdomen Fairy shrimp, brine shrimp, water
fleas, etc. Maxillopoda 2 pairs 4 8 or more 3 head, thorax [8 segments], and abdomen Barnacles,
ostracods, and copepods Malacostraca 2 pairs 4 8 or more 3 head, thorax [8 segments], and
abdomen Isopods pill bugs , sow bugs , amphipods, krill , decapods crabs , shrimp , crayfish ,
etc. Uniramians Insects 1 pair 2 3 pairs 6 3 head, thorax [3 segments], and abdomen Butterflies ,
beetles , ants , bees , roaches, flies, dragonflies , cicadas , grasshoppers Myriapods 1 pair 2 18
or more 2 head and a segmented trunk Centipedes , millipedes Subphylum Class Number of
Antennae Number of Legs Number of Body Parts Examples Some Arthropod Printouts: Ant
Ants are social insects. Ant Anatomy: Label Me! Label the external anatomy of the ant. Answers
Ant Life Cycle Ant larva hatch from tiny eggs, then pupate and metamorphosize into adults.
Arachnids Arachnids have eight jointed legs, an exoskeleton, and a two-part body. Spiders,
scorpions, and ticks are arachnids. Assassin Bug Assassin bugs are insects that eat other
insects. Bee Bees are flying, social insects that live in a hive. Bee Anatomy Printout Label the
bee's external anatomy on this printout. Answers Bee Simple version Bees are flying, social
insects that live in a hive. Beetle Anatomy Printout Label the beetle's external anatomy on this
printout. Answers Beetles Beetles are the largest group of insects. Some beetles include the
ladybug, scarab beetle, firefly, and the goliath beetle. Black Widow Spider A very poisonous
spider with a distinctive red hourglass marking. Butterflies and Moths Printouts about these
beautiful flying insects. Butterfly Life Cycle See how a butterfly starts out as an egg, hatches
into a caterpillar, becomes a pupa, then emerges as a fully-grown adult. Butterfly Life Cycle A
short printable shape book for early readers about the life cycle of a butterfly, with pages on the
egg, caterpillar, pupa chrysalis , and adult. Centipede Fast-moving venomous predators with
many legs. Cicada Cicadas are flying insects that emerge periodically and simultaneously.
Cicada Book A short book about the life cycle of the cicada to print for early readers. Cicada
Sequencing Cards Put the cicada life cycle cards in order, from egg to adult. Cicada Printout Simple Version A coloring printout picturing the life cycle of the cicada. Cicada Label the
anatomy and life stages of the Cicada. Answers Copepod Copepods are tiny crustaceans from
fresh and salt water. Crab A crab is an animal with a shell. It has eyes on stalks on its head.
Crayfish Freshwater crustaceans with four pairs of walking legs. Cricket Crickets are jumping

insects. Cricket Anatomy: Label Me! Label the external anatomy of the cricket. Answers
Crustaceans Crustaceans are animals with a hard exoskeleton, jointed legs, and a segmented
body. Darkling Beetle Life Cycle The yellow mealworm is the larval stage of the darkling beetle
Tenebrio molitor. Printout Label the life cycle of the yellow mealworm, from egg to larva to pupa
to adult. Or go to the answers. Dragonfly The dragonfly is a flying insect with a long abdomen.
Dragonfly Simple Version The dragonfly is a flying insect with a long abdomen. Fiddler Crab:
Label Me! Printout Label the external anatomy of the fiddler crab. Answers Grasshopper
Grasshoppers are insects that can hop, walk, and fly. There are about 10, different species of
grasshoppers. Harlequin Bug This small agricultural pest is brightly-colored. Hermit Crab
Hermit crabs are crabs that lack a hard shell; they use a discarded shell for protection. Hermit
Crab Diagram: Label Me! Label the external anatomy of the hermit crab both in its shell and out
of it. Answers Horseshoe Crab The horseshoe crab is a hard-shelled animal that lives in warm
coastal waters on the sea floor. Insects Insects have a hard exoskeleton, a three-part body, and
six legs. Jumping Bean Moth A brown moth that spends its larval stage inside a seed pod. Krill
Small crustaceans that are eaten by many animals, including baleen whales. Ladybug Tiny
flying insects that eat garden pests. Go to a simple version just the image. Ladybug Life Cycle A
short printable shape book for early readers about the life cycle of a ladybug, with pages on the
eggs, larva, pupa, and adult ladybug. Leafcutter Ant Leafcutter ants are fungus farmers - they
grow their own food. Lobster A hard-shelled marine invertebrate with 10 jointed legs. Luna Moth
A green moth with long hindwing tails and distinctive eyespots. Mealworm Life Cycle The yellow
mealworm is the larval stage of the darkling beetle Tenebrio molitor. Mealworm Life Cycle Label
Me! Millipede Segmented plant-eaters with many, many legs. Millipede Anatomy: Label Me!
Label the external anatomy of the millipede. Mosquito A small flying insect that is a carrier of
disease. Mosquito Life Cycle Label the mosquito life cycle diagram. Answers Mosquito Lifecycle
Printout A printout on the mosquito's life cycle to read and color. Oregon Silverspot Butterfly A
brown and orange butterfly that lives in humid coastal salt-spray meadows and fields in the
Pacific Northwest of the USA. Painted Lady Butterfly A very widespread and common butterfly.
Painted Lady Butterfly Simple version A very widespread and common butterfly. Pill Bug The
pill bug also called the roly-poly bug is a small isopod that curls into an armored ball when it is
threatened. Plankton Plankton are tiny organisms that float in the seas and other bodies of
water. Many zooplankton are crustaceans. Pond Skater A bug that walks on water. It is also
called the water strider. Its wingspan is about 1 foot 30 cm wide. Scorpion A venomous
arachnid with a large stinger on its tail. Shrimp Shrimp are small, bottom-dwelling crustaceans
with a translucent exoskeleton. Silkworm The silkworm moth is an insect not a worm that
produces a silken cocoon. This cocoon is harvested to make silk thread. Spider Spiders have
eight legs. Spider Anatomy Label Me! Printout Label the spider's external anatomy diagram.
Answers Spider Printouts Printouts and information on spiders. Tarantula A tarantula is a large,
hairy spider. Tiger Swallowtail Butterfly The Tiger Swallowtail butterfly is a strong flier with
distinctive yellow and black markings females are sometimes brown and black. Trilobite
Trilobites are extinct marine arthropods that lived from about to million years ago. Ulysses
Butterfly The Ulysses is a spectacular swallowtail butterfly from Australia. Uniramians
Uniramians are a group that include insects, centipedes, millipedes, and their relatives.
Vinegarroon A whip scorpion, an arachnid that emits a vinegar-like mist. Walkingstick The
Walkingstick also called the laboratory stick insect is a long, slow-moving, plant-eating insect
that looks like a twig. Wasp Wasps are insects with 2 pairs of wings and strong jaws. Many
wasps sting. Water Strider A bug that walks on water. Yellow Jacket A yellow jacket is a type of
social wasp, a flying, stinging insect. Zebra Longwing Butterfly The Zebra Longwing is a small,
black-and-yellow striped butterfly from warm areas. Zebra Swallowtail Butterfly The Zebra
Swallowtail butterfly is a common butterfly with distinctive black and white markings.
Zooplankton Zooplankton are tiny animals that float in the seas and other bodies of water. Many
zooplankton are marine crustaceans. In addition to printing the animals, you can copy a printout
click here for instructions and paste it into a painting program like Paint and color the animal
there. Thanks to Grace P. Label Millipede Printout. Centipede Printout. Millipede Printout. Pill
bug Printout. Label Cricket Anatomy Printout. Today's featured page: Nelson Mandela. Our
subscribers' grade-level estimate for this page: 1st - 2nd. Go to Online Animal Coloring Pages.
Life Cycles. North America. South America. Coral Reef. Coniferous Forest. Temperate
Deciduous Forest. Tropical Rainforest. Simple Animal Printouts. Guidelines for Writing a Report
on an Animal. Animal Report Graphic Organizers. Spiders , scorpions , mites, ticks. Horseshoe
crabs. Barnacles, ostracods, and copepods. Isopods p
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ill bugs , sow bugs , amphipods, krill , decapods crabs , shrimp , crayfish , etc. Butterflies ,
beetles , ants , bees , roaches, flies, dragonflies , cicadas , grasshoppers. Centipedes ,
millipedes. Ant Ants are social insects. Ant Life Cycle Ant larva hatch from tiny eggs, then
pupate and metamorphosize into adults. Bee Simple version Bees are flying, social insects that
live in a hive. Beetles Beetles are the largest group of insects. Copepod Copepods are tiny
crustaceans from fresh and salt water. Crustaceans Crustaceans are animals with a hard
exoskeleton, jointed legs, and a segmented body. Grasshopper Grasshoppers are insects that
can hop, walk, and fly. Horseshoe Crab The horseshoe crab is a hard-shelled animal that lives in
warm coastal waters on the sea floor. Mosquito Lifecycle Printout A printout on the mosquito's
life cycle to read and color. Spider Printouts Printouts and information on spiders. Printouts
Math Music Word Wheels. Search the Enchanted Learning website for:.

