Lecture No. 1


INVERTEBRATES

The invertebrates include those animals which are without backbone as opposed to vertebrates in which a series of vertebrae constitute a backbone, but this division of the animal kingdom into invertebrates and vertebrates is largely a matter of convenience. The invertebrates constitute about 90% of the known animals which number over a million. Vast and heterogeneous groups have been placed in the invertebrates. There is not even one positive character which is common to all invertebrates, and the differences between the groups are very large, each group of invertebrates has certain structural peculiarities, a special terminology, and a distinct classification. However, the life of invertebrate is as fascinating, revealing and complicated a subject as that of vertebrates. Without a thorough and careful study of invertebrates it is hardly possible to peep into the secrets of life of animals on the whole.

PRESENT INVERTEBRATE PHYLA

Presently there are 30 invertebrate phyla, which are characterized by a unity of basic structural pattern in each of them. This means that in each phylum, though the members may differ in external features, the anatomical features are constructed on the same ground plan in many respects. The common anatomical ground plan exhibits a unique relationship among the groups of structural units which compose it. Other significant features of inter-relationships among the members of same phylum are functional. Another important feature, by which the members of the individual phylum are related with one another, is the common ancestry. Thus, the 30 phyla display 30 patterns, each manifesting a characteristic, anatomical and functional integrity and common ancestry.

Table 1:- listing the 30 invertebrate phyla with approximate number of species in each phylum is given below:
	S. No.
	Phylum
	Number of Species
	S. No.
	Phylum
	Number of Species

	1.
	Protozoa
	50.000
	16.
	Sipunculida
	275

	2.
	Mesozoa
	50
	17.
	Mollusca
	80.000

	3.
	Porifera
	10.000
	18.
	Echiurida
	60

	4.
	Coelenterata
	11.000
	19.
	Annelida
	7.000

	5.
	Ctenophora
	90
	20.
	Tardigrada
	180

	6.
	Platvhelminthes
	15.000
	21.
	Onychophora
	65

	7.
	Nemertinea
	750
	22.
	Pentastomida
	70

	8.
	Acanthocephala
	300
	23.
	Arthropoda
	900.000

	9.
	Entoprocta
	60
	24.
	Phoronida
	15

	10.
	Rotifera
	1500
	25.
	Ectoprocta (Brvozoa)
	4.000

	11.
	Gastrotricha
	175
	26.
	Brachiopoda
	260

	12.
	Kinorhyncha
	100
	27.
	Echinodermata
	6.000

	13.
	Nematoda
	10.000
	28.
	Chaetognatha
	50

	14.
	Nematomorpha
	250
	29.
	Pogonophora
	80

	15.
	Priapulida
	8
	30.
	Hemichordata
	80


MAJOR AND MINOR PHYLA

Customarily the invertebrate phyla have been divided into major and minor phyla. The concept of major and minor phyla is based on two factors: (i) The number of species and individuals; (ii) Their participation in ecological communities. On the basis of the first factor, the phyla appear to be clearly major (as is evident from the species number in Table 10.1), these are Protozoa, Porifera, Coelenterata, Platyhelminthes, Rotifera, Nematoda, Mollusca, Annelida, Arthropoda, Ectoprocta and Echinodermata. On the basis of second factor, if the phyla are represented in great majority of ecological communities, they would be regarded as major phyla. Whereas, the minor phyla form only a fraction of animal communities. On this basis, the two phyla, Rotifera and Ectoprocta, cannot be considered as major phyla. Although they are greater in number of species, but they are included in minor phyla due to their limited participation in animal communities. Thus, keeping in view the utility of the above two factors, we can regard only nine as major phyla and the rest as minor phyla.
LOWER AND HIGHER INVERTEBRATES

The invertebrate phyla are usually referred to as lower and higher invertebrates. The lower invertebrates are simple in body organization and generally smaller in size. These are thought to have originated in the main lines of evolution, near the base of the phylogenetic tree of the Animal Kingdom. The lower invertebrates include various phyla such as Protozoa, Porifera, Coelenterata (Cnidaria), Platyhelminthes and Nematoda. On the other hand, the higher invertebrates are generally larger in size and possess a complex body organization. These occupy higher position in the phylogenetic tree of the Animal Kingdom. The higher invertebrates also include various phyla such as Mollusca, Annelida, Arthropoda and Echinodermata.

GNERAL CHARACTERISTICS OF INVERTEBRATES

1. Habitat: - All the 30 phyla most probably originated in the sea, but not all have successfully invaded the land or its freshwater habitats. About 80 per cent are found in the terrestrial habitats. No doubt Porifera, Coelenterata and Entoprocta are represented in freshwaters but by fewer species than in the seawaters. Rotifera and Insecta are more, both in number of species and individuals, in fresh​waters. Gastrotricha have about equal number of species in both fresh and seawaters. Echinodermata and Brachiopoda have never successfully colonized freshwaters. It is true that earthworm is a terrestrial animal, but most annelids are marine. There are few land snails, but most molluscs are marine. Amongst arthropods, only Crustacea is largely marine, but spiders, centipedes, millipedes and insects are mostly terrestrial. Thus, the most successful invertebrates of the land comprise arthropods.

2. Numerical strength: - At present nearly one million living species of animals are known, out of which about 90% constitute the invertebrates. It has been estimated that the number of extinct species is around seven times the number of living species and, therefore, there may have been some seven million species.
3. Shape: - Animals of varied shapes are included amongst the invertebrates. Amoeba possesses an irregular ever-changing body shape, sponges and coelenterates display plant-like appearance, flatworms are leaf-like and ribbon-shaped and annelids, nemerteans and nematodes are vermiform, while the starfishes are star-shaped, etc" display spectra of body shape.
4. Size. The invertebrate animals exhibit a great variation in size. They range from microscopic protozoans to large-sized cephalopods. The malaria parasite is at the lowest extremity. It occupies only about one-fifth of a human red blood corpuscle (RBC). The uppermost extremity is occupied by a species of the giant squids of North Atlantic, Architeuthis, has been reported to have attained a total body length of 16.5 metres including tentacles.
5. Symmetry: - Invertebrates represent all types of symmetries. Protozoans display bilateral as well as radial symmetry. Some are asymmetrical. Sponges are either asymmetrical or radially symmetrical. Coelenterates are radially symmetrical. Ctenophores exhibit biradial symmetry. The members of the remaining phyla are mostly bilaterally symmetrical. Invertebrates also represent spherical symmetry. principally in spherical protozoans such as Heliozoa and Radio1aria.

6. Grades of organization: - Invertebrates display all grades of organization. The protoplasmic grade is seen in Protozoa, as all activities at this level are carried on within the limits of plasma membrane (plasmalemma). The cellular grade is characteristic of sponges. In sponges only the cells exhibit division of labour for performing various specialized functions. The cell tissue grade is observed in coelenterates as their cells are not only specialized for different functions but also certain similar cells gather together to form tissues as well. A notable example is the nerve net formed by nerve cells and their processes. The tissue-organ grade is exhibited by flatworms with arrangement of tissues to form organs. The organ-system grade organization is characteristic of all higher invertebrates. In this type of organization organs join together in a system to perform some functions.

7. The presence or absence of germ layers: - The germ layers or embryonic cell layers are absent in Protozoa due to its unicellularity. All other invertebrates are either diploblastic, i.e., they are derived form two germ layers, an outer ectoderm; and an inner endoderm or triploblastic with an extra third layer, the mesoderm. Sponges and coelenterates are diploblastic, whereas other inver​tebrates are triploblastic.

8. Simple integument: - The body covering of invertebrate animals is simple. In Protozoa, it is a delicate plasma membrane, while some have developed a protective covering, pellicle. Most invertebrates possess an outer protective epidermis, which is made of single layer of cells, while in others have further added a non-cellular cuticle or chitinoid covering secreted by underlying epidermis.

9. Multiple movement devices: - Various devices for movement are found in invertebrates. Some invertebrate animals are sessile, such as sponges and corals, while others move from one place to another. Protozoa move by pseudopodia, flagella and cilia and contractile myonemes. Coelenterates and molluscs exhibit tentacular movements. Annelids move by setae, parapodia and suckers. Arthropods move with jointed legs, while echinoderms take the help of arms which are with or without tube-feet, for their movement.
10. The presence or absence of segmentation: - The members of several invertebrate phyla are characterised by segmentation in their bodies. Certain flatworms exbibit pseudosegmentation, as their long bodies are made up of numerous sections. True segmentation is found in Annelida and Arthropoda. In them the body is divided into more or less similar segments.
11. Absence of living endoskeleton: - The invertebrate animals do not possess any kind of rigid internal skeleton to give support to the body and provide surface for attachment of muscles. Many invertebrates are soft bodied, while some, like arthropods and molluscs, possess hard exoskeleton for supporting and protecting their body.
12. Types of coelom: - In sponges and coelenterates, the body is a double-layered sac surrounding a single cavity, which opens to the outside through a mouth. Such animals are acoelomate as they have no coelom. Other invertebrates possess a cavity in between the body wall and the gut. This cavity is called pseudocoelom in nematodes as it is not lined by mesoderm. In higher invertebrates, the coelom is lined by mesoderm and, hence, it is the true coelom.
13. Dorsal gut: - The alimentary canal is either absent or partially formed or complete. In case it is present, it lies dorsal to the nerve cord, and runs from the anterior terminal mouth up to the posterior terminal anus. The gill-slits are never formed in the pharyngeal wall.
14. Intra-as well as extracellular digestion: - In invertebrates the digestion of food takes place within the cell (intracellular digestion) as well as outside the cell (extracellular digestion). In protozoans and sponges, the digestion of food takes place intracellularly. In coelenterates, the digestion of food lakes place both intracellularly as well as extracellularly. All other invertebrates exhibit extracellular digestion, which in higher invertebrates occurs within a well defined gut.
15. Open as well as closed circulatory system: - Blood vascular system is well developed in higher invertebrates. Some, like arthropoas and molluscs, possess open or lacunar circulatory system, while in others the blood flows in closed vessels, i.e., closed circulatory system. The heart is always located dorsal to the gut. The hepatic portal system, carrying blood from the gut to the liver, is absent.
.
.

16. Diversified respiratory system: - Protozoans, sponges, coelenterates and many worms have a direct diffusion of gases between the general surface of the organism and the environment. In most annelids, the exchange of gases takes place through the moist skin. Gills are common in most higher invertebrates. Echinodenns possess branchiae and tubefeet for this purpose. Sea cucumbers have respiratory trees which act as respiratory organs. In insects the tracheal system is adapted for aerial respiration.

17. Diversified excretory mechanisms: - In protozoans, sponges and coelenterates excretion is performed by direct diffusion through cell membranes. Flatworms possess characteristic flame cells, while annelids and molluscs possess true nephridia for the purpose. In insects, the excretory organs are Malpighian tubules. Echinodermats and some other invertebrates have amoeboid cells or phagocytes for storage and disposal of excretory products to outside.

18. Ventral solid nervous system: - In radially symmetrical invertebrates, e.g., coelenterates, the head is absent and the central nervous system is represented by a ring of nerve-tissue encircling the body. In bilaterally symmetrical invertebrates, the central nervous system comprises a pair of nerve cord running along the mid-ventral line of the body. The nerve ring and the nerve cords bear ganglia. In higher invertebrates, the head ganglia form the brain. Invertebrate nervous system is characterized by solid nerves, these are not hollow from within.

19. Simple sense organs: - In protozoans, the whole of the protoplasm acts as receptor, while in flagellates the stigma or eyespot acts as a photoreceptor. Coelenterates possess long sensory cells, scattered throughout the body wall, while some also possess eyespots for the reception of light, statocysts for equilibrium and sensory pits for chemoreception. Eyespots and chemoreceptors are also found in flatworms. Annelids possess various sensory receptors including simple eyes, present in the epidermis. In arthropods, compound eyes are found in addition to simple eyes. Statocysts for equilibrium, tactile receptors and chemoreceptors are common in arthropods and molluscs.

20. Varied modes of reproduction: - In invertebrates, the modes of reproduction vary from simple asexual binary fission to most complicated sexual reproduction. In certain cases parthenogenesis has also been observed in which an unfertilized egg develops into a complete individual. It occurs in rotifers, bees, some other insects and certain crustaceans. In sexually reproducing inverte​brates, hermaphrodites or bisexual forms are found, particularly in coelenterates, platyhelminthes, annelids and crustaceans. Fertilization is either external or internal. Development is direct or indirect. In the indirect development the development includes both larval stages and metamorphosis.

21. Cold-blooded animals: - All invertebrates are cold-blooded, i.e., they cannot keep body temperature constant all the time.

REVISION QUESTIONS

1. What is an invertebrate? On what basis the animals have been classified as invertebrates and vertebrates?

2. Name the present invertebrate phyla stating the approximate number of species contained by them.

3. What is the concept of major and minor phyla? Which invertebrate phyla are treated as major phyla and why?

4. Describe the characteristic features of invertebrates in brief.
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