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Theme of lecture 1
SubKingdom Protista (Protozoa)
Plan:
1.General characteristic of Protozoans 

2. Diseases caused by protozoa
1. General characteristic of Protozoans. The Protista that have been called Protozoa, or "First Animals" are more like the early primitive animals than any other living forms. They have changed less than other groups. They are usually single-celled animals that may exit in a colony. But each individual cell retains its independence. Their simplicity is often deceiving.  Amoebe, for instance, do all the basic functions as humans. However, the cells of Protozoa are so complex that they have frequently been regarded as "acellular." There are all grades of cellular differentiation from very primitive as in amoeba and advanced as in the higher ciliates and flagellates. There are definite openings for the taking of food developed. Locomotor structures appear and contractile structures show up, which function as muscle fibers. The bases of the cilia and flagellae are connected. Different grades of reproduction occur from binary fission, complete sexual differentiation and an alternation of sexual generations. Protista have reached the point of multicellular organization. Flagellates are shown to be the most developed and it is believed that they resemble the original stock group that gave rise to both plants and animals. At one time all Protista were believed to have evolved from the flagellates.

Phylum Sarcomastigophora, SubPhylum Sarcodina. Class Rhizopoda is characterized by pseudopodia, which are organelles that are not true organs. They serve in locomotion and food getting. The cytoplasm of the cell is not provided with many visible structures that possess specific functions. Amoeba proteus is a common fresh water rhizopod that occurs in calm, semi-stagnant water. It is microscopic in size and its form is indefinite.Amoeba behaves as if it had a nervous system, which it does not. A stimulus applied at one point on the animal body may cause any other portion to react. The animal perceives and responds to environmental changes. There is a positive response to food and weak light, and a negative response to all other stimuli. It generally responds in some way to light, temperature, touch and chemical reactions. There are no visible sensory or motor apparatus in the cytoplasm, but Amoeba is regarded as being generally sensitive. Reproduction is entirely asexual being effected by binary fission (cell division). Sexual processes doe occur within the class but not in this genus.

SubPhylum Mastigophora (Flagellata) movement is primarily by means of a flagellum. Amoeboid stages may occur in some phase of the life cycle, however. But adults always move by the flagellum.  When parasitic they do not form spores. Nutrition is holozoic, saprophytic or parasitic. The Class Phytomastigina include green flagellates while Zoomastigina are the colorless flagellates. The Phytomastigina includes the genus Euglena. Some species in the Phytomastigina order Dinoflagellata have an armor plate (cellulose armor) that is occasionally shed and replaced.  The order is a large group of importance in marine habitats as plankton. Dinoflagellates produce the "Red Tide" in oceans that results in widespread fish kills. In the Class Zoomastigina nutrition is holozoic, saprophytic and parasitic. The flagella are very numerous and their arrangement is anterior with one flagellum extended anteriorly and the other trailing.  They may be fastened to the side of the organism by an undulating membrane.

Several genera of the Zoomastigina are of great importance to humans and animals because of their parasitic habits. Trypanosoma causes "African Sleeping Sickness", Trichomonas is a parasite of humans and animals, Leishmania causes a skin disease known as "Oriental Sore," and Giardia is a severe human intestinal parasite.
Phylum Sarcomastigophora includes both free-living and parasite protozoans. The cell size is usually between 10 and 30 micrometers. Like other protozoans, they reproduce by closed mitosis, i.e. nuclear envelope remains intact throughout division and all movements of chromosomes happen within the nucleus.

Subphylum Mastigophora

The kinetoplastids

The group Kinetoplastida, listed as order by some authors and as class by others, includes unicellular eukaryotes moving by one or two flagella (in all medically important species – one). The nucleus is diploid. The cell possesses a single mitochondrion located near the basal body of the flagellum. The mitochondrial DNA is unusually complex, organized in a set of interlocked circular molecules. They form a particle called kinetoplast, after which the group is named. The kinetoplastids reproduce by closed mitosis (i.e. the nuclear envelope never breaks down). The chromosomes, which do not condense, are segregated by an intranuclear spindle formed independently from the basal body. In most kinetoplastids, sexual process has not been identified.

Genus Trypanosoma

The name Trypanosoma derives from trypanon (Greek) – borer and soma – body. In turn, the popular histological dye trypan blue is named so because of its ability to kill trypanosomes.

The cell of trypanosomes is elongated, spindle-shaped and easily bends during movement. The nucleus is located in its broadest central part. The flagellum protrudes from the anterior end (compare with animal spermatozoa). However, the basal body is located in a more posterior part of the cell. (“Anterior” and “posterior” are defined based on the direction of motion.)

Before reaching the anterior end of the cell, the axoneme (axial apparatus) of flagellum runs parallel to the main cellular mass and supports a fin-like extension of cytoplasm called undulating membrane. It is an efficient, although energy-consuming, motility organelle.

In the drawing, the basal body is shown near the posterior end of the cell, and the undulating membrane is quite long (Figure 1).
This life form is called trypomastigote and is typical for trypanosomes living in the extracellular fluids of a vertebrate host.

Figure 1 Schematic drawing of a trypanosome with trypomastigote morphology
Generally, flagellated forms are extracellular parasites – in intracellular environment, flagellum is useless. The trypomastigote has the typical size for sarcomastigophoran cell, 10 – 30 micrometers long.

Trypanosomes have a peculiar strategy to evade the host’s immune system: They change their dominant antigen. Their genome contains multiple genes (about 1000, or 10% of all genes) for surface glycoproteins. At any moment, however, only one of these genes is active, and the glycoprotein encoded by it is covering the parasite surface. The active gene is periodically changed, resulting in new antigenic properties of the cell and, hence, resistance to the antibodies developed against the previous surface glycoprotein.

Trypanosomes feed by absorbing nutrients from the body fluids of their host.

With one exception (T. equiperdum), trypanosomes have a life cycle alternating between two hosts – a vertebrate and a blood-sucking insect. In the insect, sexual reproduction is thought to occur by meiosis and fertilization, but data are still scarse.

Trypanosoma equiperdum

In our course, we describe the trypanosome morphology on Trypanosoma equiperdum. This species actually has no medical importance because it does not affect humans. It is a horse parasite (“equiperdum” is from equus – horse) and is important in veterinary parasitology. The disease caused by it is called dourine or covering sickness. Horses are infected by sexual intercourse. T. equiperdum is the only trypanosome transmitted sexually. It lives as an extracellular parasite in blood plasma and has trypomastigote morphology.

Giemsa-stained blood smear from a mouse experimentally infected with T. equiperdum. The purple dot seen near the posterior end of some cells is the kinetoplast (Figure 2).
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Figure 2. Giemsa-stained blood smear from a mouse experimentally infected with T. equiperdum. The nucleus, flagellum and undulating membrane are well visible. 
Trypanosoma equiperdum is included in our course because it is morphologically very similar to the medically important species Trypanosoma brucei, the pathogen causing sleeping sickness.

Trypanosoma brucei

Trypanosoma brucei is found in sub-Saharan Africa. It has three subspecies: T. brucei brucei, T. brucei gambiense and T. brucei rhodesiense. The first subspecies, T. brucei brucei, is destroyed by human innate immunity and therefore is not pathogenic for humans. It infects other mammals, causing a disease called nagana. T. brucei gambiense and T. brucei rhodesiense infect humans, causing African trypanosomiasis (sleeping sickness). T. brucei gambiense causes slow onset chronic trypanosomiasis and humans are its main vertebrate host. T. brucei rhodesiense causes fast onset acute trypanosomiasis and uses as hosts different ungulates and other non-human mammals. For this parasite, humans are accidental hosts.

Trypanosoma brucei has a life cycle typical for the genus. It includes a vertebrate host (often called reservoir, especially when non-human) and an invertebrate host (blood-sucking arthropod, often called vector). For T. brucei, the vertebrate host is a mammal and the vector is the tse-tse fly Glossina (order Diptera). The distribution of the disease in Sub-Saharan Africa matches that of the vector.

In the mammal, the trypanosome is in the trypomastigote form we already know. In the insect vector, it has another morphology called epimastigote form. The difference is that in the epimastigote, the basal body is located between the nucleus and the anterior end of the cell and, hence, the undulating membrane is much shorter than for trypomastigotes.

When an infected tse-tse fly bites a human, trypanosomes from the saliva are inoculated into the wound. They first multiply in the blood plasma. Then, several weeks after infection with T. brucei rhodesiense and several months or even years after infection with T. brucei gambiense, the parasite spreads to the cerebrospinal liquor, invading the central nervous system. Severe headache appears. Circadian regulation of sleep is disturbed, patients tend to sleep at daytime and stay awake at night. If untreated, the disease progresses, leading to personality changes, impaired mental functions, coma and death. Sleeping sickness is a major public health problem in Africa. Its prevalence is currently rising.
Genus Leishmania

Leishmania, named after the Scottish pathologist William Leishman, is a parasite related to Trypanosoma and resembling it in many respects. The life cycle includes a vertebrate host (typically canid or rodent mammal, can also be human) and an invertebrate host (vector) – the sandfly Phlebotomus, a dipteran insect. Only the female sandfly sucks blood and can be host and vector of Leishmania.

In the insect vector, Leishmania exists in the so-called promastigote form. The basal body is at the anterior end of the cell and the flagellum comes out free; there is no undulating membrane. Otherwise, the morphology and size (14-20 micrometers) is similar to that of trypanosomes. The cell is spindle-shaped, the nucleus is in its broadest part, not far from the middle. The cytoskeleton is more rigid than in Trypanosoma, so we do not see the cell bending. This form, similarly to the trypomastigote of trypanosomes, is adapted for extracellular parasitism (Figure 3).
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Figure 3. L. donovani promastigotes obtained by culture in a medium resembling the conditions in the insect host. The flagella are difficult to see in this photo
Similarly to trypanosomes, Leishmania is thought to have sexual reproduction in its insect host Phlebotomus.

There are three species of Leishmania (to be precise, complexes of species) pathogenic for humans. They cause three distinct types of leishmaniasis.

Leishmania donovani complex

Leishmania donovani and related species are found in Asia, Africa and the Mediterranean region. They cause visceral leishmaniasis, also known as kala-azar or dumdum fever. Unlike other leishmanias, members of L. donovani complex are quickly cleared from the site of infection and no local lesion is produced. However, the parasites spread to internal organs – spleen, liver, lymph nodes, bone marrow, intestinal mucosa. The patient suffers of fever and muscle wasting, the liver and spleen become progressively enlarged. Untreated visceral leishmaniasis is fatal.

Leishmania tropica complex

The distribution of Leishmania tropica complex overlaps with that of L. donovani complex. L. tropica and related species cause cutaneous leishmaniasis (Oriental sore). It is restricted in the vicinity of the infection site (i.e. the sandfly bite). First, a nodule (papule) forms. After growing, it forms an ulcer. Cutaneous leishmaniasis is the mildest form of leishmaniasis. Even if untreated, it heals spontaneously after several months to more than a year. However, it leaves a disfiguring scar, and in immunocompromised patients can disseminate.

Leishmania braziliensis complex

Parasites belonging to Leishmania braziliensis complex are found in Central and South America. They cause cutaneous leishmaniasis in the New World. However, in a proportion of patients, they cause a much more severe disease – mucocutaneous leishmaniasis. It starts like the cutaneous leishmaniasis. However, the parasites settle in the facial mucosa, often years after healing of the initial cutaneous lesion. This occurs by spreading, if the bite has been on the face, or by “metastasis” via blood, if the bite has been somewhere else. If untreated, the mucocutaneous leishmaniasis slowly destroys the nasal septum, palate and other mucosal structures, leading to complete disfiguring of the face. Because of the visible deformity, the patient is ostracised from community. In some cases, the disease is fatal due to airway damage or secondary infection.

Genus Trichomonas

The cell is 15-20 micrometers long. It is pear-shaped due to the presence of an axostyle, which protrudes from the posterior end of the cell and may facilitate attachment of the parasite to mucosal tissues of the host. The nucleus is located near the broader anterior end of the cell. It is haploid. The genome is among the largest genomes studied so far, with 26,000 genes (comparable to human). Trichomonas has five flagella: four protruding freely from the anterior end and one bending backward and supporting an undulating membrane. Close to the anterior end, there is an invagination called cytostome and used for phagocytosis. For the purpose of phagocytosis, Trichomonas can switch from pear-like to amoeboid shape. Data about sexual reproduction are still insufficient.

Trichomonas vaginalis

Trichomonas vaginalis inhabits the mucosal surface of vagina in women and urethra in both sexes. It feeds on bacteria, probably damaging the symbiotic normal vaginal microflora. It also damages the mucosa by adhering to epithelial cells, releasing hydrolases on them, phagocytosing erythrocytes and maybe also leukocytes and epithelial cells.

T. vaginalis is transmitted by sexual intercourse. In women, it often causes vaginitis (colpitis) often associated with discharge and unpleasant odour. In men, the infection is usually asymptomatic but nevertheless it is important to treat both sexual partners, because asymptomatic individuals still can transmit the parasite. Trichomoniasis is widespread – the most common non-viral sexually transmitted disease, and T. vaginalis is the most common pathogenic protozoan in industrialized countries.
All members of the Phylum: Apicomplexa (Sporozoa) are parasitic, and all produce spores at some stage. There are no locomotory organelles in the mature stage, although the immature forms may possess them. Life cycles vary from simple to complex. The incitant of malaria, Plasmodium vivax, has one of the most complicated life cycles. There are alternates of sexual with asexual reproduction. Malaria is considered to be one of the most important diseases of humans and it also affects animals extensively.

All members of this phylum have an infectious stage—the sporozoite—which possesses three distinct structures in an apical complex. The apical complex consists of a set of spirally arranged microtubules (the conoid), a secretory body (the rhoptry) and one or more polar rings. Additional slender electron-dense secretory bodies (micronemes) surrounded by one or two polar rings may also be present. This structure gives the phylum its name.

A further group of spherical organelles is distributed throughout the cell rather than being localized at the apical complex and are known as the dense granules. These typically have a mean diameter around 0.7 μm. Secretion of the dense-granule content takes place after parasite invasion and localization within the parasitophorous vacuole and persists for several minutes.

Other morphological findings common to all members of this phylum include:

The nucleus is haploid.

Flagella are found only in the motile gamete. These are posteriorly directed and vary in number (usually one to three).

Basal bodies are present. Although hemosporidians and piroplasmids have normal triplets of microtubules in their basal bodies, coccidians and gregarines have nine singlets.

The mitochondria have tubular cristae.

A Golgi apparatus is present.

Centrioles, chloroplasts, ejectile organelles, and inclusions are absent.

Colourless plastids are present in some species.

The cell is surrounded by a pellicle of three membrane layers (the alveolar structure) penetrated by micropores.

Replication:

Mitosis is usually closed, with an intranuclear spindle; in some species, it is open at the poles.

Cell division is usually by schizogony.

Meiosis occurs in the zygote.

Mobility:

Apicomplexans have a unique gliding capability which enables them to cross through tissues and enter and leave their host cells. This gliding ability is made possible by the use of adhesions and small static myosin motors.

Other features common to this phylum are a lack of cilia, sexual reproduction, use of micropores for feeding, and the production of oocysts containing sporozoites as the infective form.

Most apicomplexans have an apicoplast, (a nonphotosynthetic plastid) and mitochondrial and nuclear genomes, although Cryptosporidium species and gregarines are possible exceptions, as they are thought to have lost their plastids after the diverging last common ancestor of apicomplexans.

Gregarines

Trophozoite of a gregarine

Main article: Gregarinasina

The gregarines are generally parasites of annelids, arthropods, and mollusks. They are often found in the guts of their hosts, but may invade the other tissues. In the typical gregarine lifecycle, a trophozoite develops within a host cell into a schizont. This then divides into a number of merozoites by schizogony. The merozoites are released by lysing the host cell, which in turn invade other cells. At some point in the apicomplexan lifecycle, gametocytes are formed. These are released by lysis of the host cells, which group together. Each gametocyte forms multiple gametes. The gametes fuse with another to form oocysts. The oocysts leave the host to be taken up by a new host.

Coccidians

Dividing Toxoplasma gondii (Coccidia) parasites

Main article: Coccidia

In general, coccidians are parasites of vertebrates. Like gregarines, they are commonly parasites of the epithelial cells of the gut, but may infect other tissues.

The coccidian lifecycle involves merogony, gametogony, and sporogony. While similar to that of the gregarines it differs in zygote formation. Some trophozoites enlarge and become macrogamete, whereas others divide repeatedly to form microgametes (anisogamy). The microgametes are motile and must reach the macrogamete to fertilize it. The fertilized macrogamete forms a zygote that in its turn forms an oocyst that is normally released from the body. Syzygy, when it occurs, involves markedly anisogamous gametes. The lifecycle is typically haploid, with the only diploid stage occurring in the zygote, which is normally short-lived.

The main difference between the coccidians and the gregarines is in the gamonts. In the coccidia, these are small, intracellular, and without epimerites or mucrons. In the gregarines, these are large, extracellular, and possess epimerites or mucrons. A second difference between the coccidia and the gregarines also lies in the gamonts. In the coccidians, a single gamont becomes a macrogametocyte, whereas in the gregarines, the gamonts give rise to multiple gametocytes.

Haemosporidia

Trophozoites of the Plasmodium vivax (Haemosporidia) parasite among human red blood cells

Main article: Haemosporida

The Haemosporidia have more complex lifecycles that alternate between an arthropod and a vertebrate host. The trophozoite parasitises erythrocytes or other tissues in the vertebrate host. Microgametes and macrogametes are always found in the blood. The gametes are taken up by the insect vector during a blood meal. The microgametes migrate within the gut of the insect vector and fuse with the macrogametes. The fertilized macrogamete now becomes an ookinete, which penetrates the body of the vector. The ookinete then transforms into an oocyst and divides initially by meiosis and then by mitosis (haplontic lifecycle) to give rise to the sporozoites. The sporozoites escape from the oocyst and migrate within the body of the vector to the salivary glands where they are injected into the new vertebrate host when the insect vector feeds again.
Phylum Infusoria includes the ciliates and water molds. Members possess cilia as locomotory organelles. Reproduction is by conjugation. Class Ciliata. Cilia are common in many of the Ciliata and an undulating membrane occurs in Paramecium's gullet.  Membranelle exist that generally surround the food-gathering portion of the body. These are paddle-like and my also function in locomotion.  Vorticella is a representative genus. Cirri or leg-like tuft cilia are present in Euplotes which are fused cilia that look and act like legs.  These have been called "crawling cilia." Nutrition is mostly holozoic and many are saprozooic, living off the dissolved organic matter that is taken in through the body wall. Protection is furnished by trichocysts, which simply serve as anchors while the cilia re waving food into the gullet. There is no cyst formation in Paramecium, the animal being hearty and can withstand extremes in oxygen and carbon-dioxide concentrations. Sensitivity. Paramecium is indifferent to light except for one species that has a green alga symbiont. Actually all the cilia may be sensory and able to discriminate between edible and nonedible substances.

Infusoria is a type that is definitely of interest

For an absolute understanding of all the features of infusoria-shoes, it is advisable to consider the basic processes of its life activity. So, type of feeding infusoria reduces to the use of bacteria and algae. The body of the body is endowed with a deepening, called the cellular mouth and passing into the pharynx, at the bottom of which the food enters directly into the vacuole. There, it is digested for about an hour, making in the process a transition from an acid medium to an alkaline one. Vacuoles move in the body of the infusoria through the cytoplasmic current, and undigested remnants go out in the back of the body through the powder.

Respiration of the infusoria-shoe is carried outthrough the flow of oxygen into the cytoplasm through the covers of the body. A excretory processes occur through two contractile vacuoles. As for the irritability of organisms, the infusoria-shoes are able to assemble into bacterial complexes in response to the action of substances released by bacteria. And swim away from such an irritant they are like cooking salt. Reproduction.-- Paramecium reproduces by binary fission. Conjugation is like that found in Ciliata and Suctoria. It occurs only in individuals with a macro- and micronucleus. Two conjugating individuals become sticky and pair. The micronucleus is involved in genetic transfer.

The Class: Suctoria has cilia in immature stages and adults possess tentacles. They paralyze their prey and the suctorial tentacles suck the prey dry.Macro- and micronuclei and conjugation are present.  Adults are sessile and the group occurs in both fresh and salt water.  Many are free living, some are commensals and a few are parasites.  They have little economic significance.
2. Diseases caused by protozoa
 Amoebiasis

This disease is caused by the sarcodina group of protozoa. They secrete enzymes that are then absorbed by the tissue of the host. Amoebiasis is transmitted through contact with infected feces. Food and water contaminated by feces is the most common route of transmission, however, oral contact with fecal matter can also cause infection. Sometimes there are no visible symptoms but some common ones include loose stools with varying amounts of blood and an inflamed colon.

Giardiasis

This disease is also transmitted through oral contact of feces as the parasite is found in fecal matter. If hands are not properly washed after using the bathroom or changing a diaper, it is easy to come into contact with this parasite. Drinking water which has been contaminated by this parasite or even ingesting contaminated swimming water can cause giardiasis. Symptoms include mucusy stools, diarrhea, nausea, abdominal pain and upset stomach.

African Sleeping Sickness

African sleeping sickness is a disease caused by the protozoa, which are carried by the tsetse fly and are transmitted to humans through tsetse fly bites. This disease is fairly damaging to the human body and can cause serious illness. Symptoms of this disease include confusion, seizures, insomnia, personality changes, weight loss, slurred speech and trouble talking or walking.

Leishmaniasis

This disease is caused by the Leishmania parasite. These parasites are found mainly in southern Europe, the tropics and subtropics. The most common form of this disease being spread is through the bite of a sand fly, which carries the parasite. External leishmaniasis will affect the skin and internal leshmaniasis affects the inner organs such as the spleen and liver. Those parasites that affect the skin cause sores, which will enlarge and become deeper as the disease progresses without treatment. Internal infection will cause weight loss, organ enlargement, fever and extremely high or low blood levels.

Toxoplasmosis

Toxoplasmosis is caused by one of the most common parasites in the world, according to the Mayo Clinic. Many of the people infected by this disease do not have any symptoms. However, for those who have weak immune systems such as infants and people suffering from chronic illnesses, this parasite can cause serious illness. Infants who are born to mothers who carry the infection can experience complications at birth. Other symptoms include body aches, fatigue, fever, sore throat and swollen lymph nodes. Symptoms are very similar to flu like symptoms and this disease can sometimes be mistaken for the flu.

 Malaria

Malaria is a very common disease in some countries and is spread through mosquito bites of mosquitoes that have been infected by one of the many different malaria-causing parasites. In the United States, there are more than 1300 cases of malaria reported. This is mainly reported by individuals travelling to or coming from the South Asian subcontinent or the sub-Saharan Africa who may be carrying the parasite. Malaria symptoms include headache, chills, tremors, aches and shaking.

Babesiosis

This disease is caused by the Babesia parasite that is transmitted through ticks. It can also be transmitted through blood transfusions of donors who carry the Babesia parasite. This parasite is common throughout the United States, in cities such as New England, New Jersey, New York, Wisconsin and Minnesota. Those individuals infected with the Babesia parasite may not experience any symptoms. However, common signs and symptoms include nausea, body aches, fatigue, fever, chills, weight loss and a decreased appetite. For those who are already suffering from health problems and those who have a compromised immune system, this disease can be life threatening and cause serious health problems.

Trichomoniasis

This disease is caused by the protozoan parasite, Trichomonas vaginalis. This disease is most commonly transmitted sexually. It is a dangerous parasite as it can also help along HIV transmission. Symptoms of this disease differ per gender. In woman, vaginitis may occur which will cause white discharge. Men may experience a burning while urinating. This disease is treatable with an antibiotic such as metronidazole.
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Theme of lecture 2

SubKingdom Metazoa (Eumetazoa)
Phylum: Porifera. Phylum: Ctenophora Phylum: Cnidaria
Plan:
1. Phylum: Porifera

2. Phylum: Ctenophora

3. Phylum: Cnidaria

1. Phylum: Porifera. 
Phylum Porifera, constiute of sponges that are the most primitive of the multicellular animals, lacking organs,but having well developed connective tissue.Sponges are found all over the world and at all depths of the ocean. Poriferans present a great variety of external forms. They may be saucer-shaped, cup-shaped, tubular, rod-shaped, fan-shaped, mushroom -shaped,lobed, branched, irregular.etc.The forms are even variable in the same species and is therefore of little use in identification.

Etymology: 

Latin : porus, pore; ferre, to bear.

Diagnostic features:

1.Sedentary, aquatic, sessile adults, occurring singly or in colonies.

2.Body perforated by a number of pores.

3.Characteristic flagellated cells called choanocytes, lines the inner side of the body wall and are related with water circulation and feeding.

4.Presence of an elaborate skeletal system .

5.Gas exchange by diffusion.

6.Both hermaphrodite and gonochoristic forms exist.Reproduction occures both asexully by buds and gammules, and sexually.The ova and sperms develop from the archaeocytes.

7.Development indirect through a free swimming, ciliated, planktonic larvae. Three classes of Porifera will be discussed as follows: Class: Calcarea that have a skeleton of calcium carbonate spicules and three body forms (Ascon, Sycon and Leucon); Class: Hexactinellida that have 6-rayed spicules of silicon dioxide and a Leucon body type. Most are deep-sea inhabitants and there are many elaborate and beautiful forms; Class: Demospongia, the largest group whose skeletons are of silica, spongin or a combination of both. 

Porifera have their entire body perforated with tiny perforations. They are multicellular with simple tissues. There are neither organs nor organ systems. The body is porous and the pores communicate with a system of channels that carries water currents through the body. No muscle nor nerve cells are in evidence, there being only epithelia and connective tissue. They are primarily a marine group with one family living in fresh water. An example of a typical Porifera is Scypha, which lives in shallow marine environments. There is radial symmetry and an interior cavity called a false cloaca. A water current is set up by the flagella of the collar cells. Food is microscopic and occurs in the water. It is picked-up by the collars on the choanocytes. Porifera are sessile and immobile. Every cell can change its shape to some degree. If all cells contract at once, there will be a minute shrinkage of the entire body.

There are no special organs for sensitivity and conduction, and cells respond to stimuli as individuals. A response may be spread out slowly from cell to cell, e.g., one cell passes a stimulus on to the next and so forth.

There are two types of reproduction: asexual and sexual. There are three body forms in Porifera as noted previously. In the Ascon Type there is one large flagellated chamber. The Sycon Type is similar but with a different shape: The Leucon Type allows for a much thicker body wall. There is a reduction of the cloaca, which is divided into a complex series of channels.  This type is found in all of the larger sponges: All these body type occur in the Calcarea, but Hexactinellida and Demospongia have only the Leucon Type.  The economic importance of sponges has been almost entirely for the commercial bath sponge. Phylum: Ctenophora. Included here are the sea gooseberries, sea walnuts and sea cucumbers. Their name is derived from eight meridially arranged comb rows or ctene.  These are a row of locomotory structures quite similar to the membranelles of the Ciliata. There is no known economic importance and their evolution is probably another blind alley, which evolved from a stock similar to the Cnidaria.

2. The phylum Ctenophora is a small phylum containing about 90 species of generally small and delicate animals known as Comb Jellies. Many species are quite and many are also almost transparent, a few species can be very beautiful as they have the ability to produce green and blue coloured light. There are between 100 and 150 species of Ctenophora known to science.

Ctenophores can be found as easily, if not more easily far out to sea as they can near the shore. Most species prefer warmer waters and 75% of species live in temperate or tropical seas. A few species live deep down in the sea and a few others are found around the poles The Sea Nut (Mertensia ovum) is a cold water specialist. The two most common species are the Sea Gooseberry (Pleurobranchia pileus) and the Melon Jellyfish (Beroe sp.) both of which have a cosmopolitan distribution (meaning they can be found all around the world).

Comb Jellies can occur in huge numbers and are know to effect fisheries at times because of their feeding on the eggs and fry (newly hatched and young fish). Mnemiopsis leidyi is a common on the Atlantic coast of North America where it normally feeds on copepods and the larval forms of various other marine animals. These other species include the larvae of Oysters and it sometimes accumulates in such vast numbers that it has a negative effect on the Oyster crop. More interestingly it was accidentally introduced into the Black Sea in the early 1980s where it experienced a massive population explosion which had disastrous effects on the Black Sea fishing industry. It also spread to the Sea of Marmara and in the late 1990s to the Caspian Sea. In 1999 a second ctenophore invaded the Black Sea, this time it was a member of the class Nuda Beroe ovata. In the last year or so the marine environment of the Black Sea has begun to recover due to a rapid decline in the numbers of Mnemiopsis leidyi. This is due to the fact that in the Black Sea Beroe ovata feeds almost exclusively Mnemiopsis leidyi.

Some species of comb Jelly are able to glow with a faint phosphorescent light, generally this is only seen at night. Venus' Girdle (Cestus veneris) is one of the largest species known. Its body is 8 cms wide but 150 cms long and it can swim with a snake like movement in the water. However it is often seen at night hanging unmoving in the water, visible because of its greenish-gold phosphorescence. It has been called the Sea Sword by sailors in the past.

The larvae of the Pacific Ocean species Eulampetia pancerina is parasitic on Salps such as Salpa fusiformis. It bores into the salps soft body and feeds on blood corpuscles, however it leaves the salps body once it is grown and lives a normal non-parasitic existence as an adult.

In 1908 the first sessile (living attached to something else) ctenophore was discovered in a fjord on the coast of Greenland. Called Tjallfiella tristoma it lives attached to the Sea Pen Umbellula lindahlii at depths of about 530 metres.

All ctenophores are carnivorous, with members of the class Tentaculata feeding on a variety of creatures they catch from the sea around them and members of the class Nuda feeding exclusively on other Ctenophores. The Tentaculata possess two tentacles, which in turn possess sub-tentacles along one side. These tentacles are armed with special adhesive (sticky) cells called 'Colloblasts'. These colloblasts help attach prey items to the tentacles which are then drawn across the mouth of the animal so that the prey can be eaten. The class Nuda have no tentacles but do have very large mouths on their bell shaped bodies. They look hollow and can in fact eat prey larger than themselves. They have hooks in their gullet to allow them to hold onto their prey and glands that secrete a poison which paralyses their prey. More than half the known species of Comb Jellies are part of the class Nuda.

The Ctenophore body consists of two layers of cells called the 'Epidermis' and the 'Gastrodermis'. Between them is a poorly defined third layer called the 'Mesoglea', there is no coelom. On the external surface of the animal are eight rows of sets of cilia, these are called the 'Costa'. The animal uses these to swim with and to maintain a correct orientation in the water, however active controlled movement is vertical, either up or down in the water. The laterally (sideways) flattened species (like the genus Cestum in the Tentaculata) can also swim by means of undulations of their ribbon like bodies as well as with their costa.

Most species are globular and have a mouth at one of the body's poles and an anus at the other. The gut runs straight between the two, various canals leave the stomach and reach out to the costa and other parts of the animals body. Digestion is both extracellular and intracellular and wastes are voided (removed) via both the mouth and the anus. There are no special organs of gaseous exchange, this occurs across the whole body surface. There is also no circulatory system. Ctenophores have no brain but they do have what is called a sub-epidermal nerve net, meaning they have a network of nerves running beneath the outer skin. These are most concentrated beneath the costa and at the bases of the tentacles. The main sense organ is the Statocyst which is situated apically (near the anus), this organ detects and keeps track of the animal's vertical position thus allowing it to remain upright. Ctenophores are also known to have some chemical sense organs around their mouth, the Nuda use chemicals to detect the presence of other ctenophores in the water around them.

All ctenophores are hermaphroditic (meaning they possess both male and female reproductive organs), a very few species can reproduce asexually. Eggs and sperm are shed into the water and after fertilisation an ovoid larvae develops called a Cydippid larvae. This free swimming larvae grows naturally into a new Comb Jelly in most species. In the laterally flattened species such as Cestum there is a sort of metamorphosis.
3. Phylum: Cnidaria (previously under Coelenterata). The Cnidaria are primarily marine animals with radial symmetry. Included are combs, corals, jelly fish. Their tentacles are equipped with Nematocysts, which are stinging structures used in capturing their prey. Their body form is a double walled sac with a large central cavity, which is called the gastrovascular cavity or coelenteron. Three classes discussed here are Hydrozoa, Scyphozoa and Anthozoa.

The Class Hydrozoa shows extremes in the presence or absence of various generations. Some species possess conspicuous polyp stages and suppressed medusoid stages. Some show both equally while others show only a pronounced medusoid stage; e.g., Hydra spp. has no medusae while Gonionemus spp. have mostly medusae.  The Order Siphonophora (Portuguese Man-of-War) affords the best example of polymorphism in the entire Animal Kingdom. 

The genus Obelia is a colonial representative only a few inches high. The gastrovascular cavity is continuous throughout the colony. Members of the genus are carnivorous. They use nematocysts to catch their food.

Many hydroids are sessile, so they do not move, with the genus Hydra being an exception. Jellyfish and related forms are moved by the current, although their tentacles and body as a whole may supply some motive force. A Nervous System is present with nerve and sensory cells which are sensitive to all standard environmental stimuli. There are Reflexes, which are primarily concerned with feeding movements. Sense Organs are found only in medusae. These are statocysts and simple eyes, which are organizations of several cells into a very simple organ. Alternation of Generations is common: Polymorphism occurs where the same species can exist in more than one body form. The genus Obelia has hydranths, reproductive polyps and medusae.

Medusoid Body Form.-- This is a free-swimming form that is not too fundamentally different from a polyp, except that a medusa has much more mesoglea than a polyp. 

The Class Scyphozoa includes the cup animals or jellyfish. They are characterized by a medusa without a velum, gonads that are endodermal in origin and located internally. The polyps are a very small, inconspicuous and short-lived larval form. All are marine species, and their size varies up to about two meters in diameter. A representative species is Aurelia aurita.

The class Scyphozoa comprises the familiar jellyfishes, of major ecological significance in the plankton. Some, including the sessile stauromedusae and the polyp stages of metagenetic free-swimming medusae, occur as part of the benthos. Representatives of the group are found in all oceans and range bathymetrically from sea surface to abyss. All are marine. Of about 175 species recognized worldwide, six occurring in the Woods Hole area are considered here.

Scyphozoans share a number of attributes with other cnidarians: (1) they typically possess tentacles, (2) their symmetry is radial, (3) the body wall consists of an outer epidermis and inner gastrodermis, separated by a layer of jelly-like mesoglea, (4) the mouth is the only opening to the digestive system, (5) nematocysts or "stinging capsules", formed by specialized cells called nematocytes, are present. The medusae of Scyphozoa are unique in being typically much larger and anatomically more developed than the polyp. Moreover, they are acraspedote, i.e., they lack a velum (a shelf of tissue projecting inward from the margin of the bell in hydromedusae and cubomedusae).

Jellyfishes undergo a complex life cycle. Medusae of most species are dioecious, with the fertilized egg developing into a tiny (<1 mm), ciliated, free-swimming larva (planula). The planktonic, cigar-shaped planulae typically settle to the bottom after several hours or days and develop into tentacle-bearing polyps (scyphistomae). The sessile scyphistoma, reaching a few millimeters in height, may reproduce asexually, generally by budding or by formation of cysts (podocysts). Under suitable environmental conditions, scyphistomae undergo transverse segmentation and segment metamorphosis (strobilation). The segmented parts of the strobilating polyp (strobila) develop into incipient medusae that eventually break loose and become free swimming young jellyfishes (ephyrae). The ephyra grows rapidly into an adult medusa, completing the life cycle. Meanwhile, the basal part of the strobila reverts to a scyphistoma. After a period of growth this scyphistoma may reproduce asexually, or strobilate again, or both. While the medusa stages of scyphozoans are usually seasonal in occurrence, especially in temperate regions, their scyphistomae may be active all year. Under adverse conditions, the benthic stages may survive as dormant podocysts. Many species of jellyfishes, having sessile stages in their life cycles, are neritic in distribution. Exceptions occur as with the oceanic jelly (Pelagia noctiluca), a normal inhabitant of the open ocean. In that species, the planula develops directly into an ephyra and no bottom-dwelling scyphistoma stage exists (Figure 4)..
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Figure 4. Oceanic jelly Pelagia noctiluca
Four orders are currently recognized in the Scyphozoa. The Stauromedusae are small, goblet-shaped, sessile scyphozoans that adhere to algae, rocks, shells, and other hard substrates, usually by a peduncle. Their life cycle involves an alternation between a polyp-like adult and a benthic planula larva; no free-swimming medusa stage is present. Most species inhabit cold waters. The Coronatae are marked by a distinctive groove around the umbrella of the medusa. Many coronates are heavily pigmented inhabitants of deep water. Their scyphistomae resemble hydroids and are protected by a chitinous tube. Coronates are unlikely to be encountered in the immediate vicinity of Woods Hole, although species such as Atolla wyvillei and Periphylla periphylla occur well offshore at bathyal depths. The three most conspicuous scyphozoans of the Woods Hole area (Aurelia aurita, Chrysaora quinquecirrha, Cyanea capillata) are assigned to the Semaeostomeae. These species have tentacles along or beneath the margin of the umbrella, long, frilly oral arms hanging down from the mouth. A coronal groove on the exumbrella, as in Coronatae, is lacking. The Rhizostomeae have no marginal tentacles, and their oral arms are fused and bear numerous small mouth openings. Two temperate-water rhizostome species (Rhopilema verrillii, Stomolophus meleagris) have been reported as far north as Long Island Sound in the western North Atlantic but not the Woods Hole region. Many texts still combine the box jellies and their relatives (Cubomedusae) as an order within the Scyphozoa. However, most specialists in the Cnidaria now recognize the Cubozoa as a distinct class (Cubozoa) because of their unique life cycles, morphology, and nematocyst complement.

Some species of scyphozoan jellyfishes are notorious for their sting. Three of those listed below (Chrysaora quinquecirrha, Pelagia noctiluca, and Cyanea capillata) are venomous to humans, and caution is warranted in handling any jellyfish.

For identification of ephyrae, consult Russell (1970, p. 24) and Larson (1976, p. 9). Scyphistomae of the various species below are extremely difficult to distinguish, although their nematocyst complement is of some utility in identification.
The Class Anthozoa includes the "flower animals," which in-cludes the sea anemones, horny corals and calcareous corals. There is only a polyp stage.  The oral end of a polyp is expanded into a disc, which bears tentacles either on the rim or scattered over the disc. They have a stomodaeum or gullet, which is ectoderm that has turned in at the mouth. The gastrovascular cavity is subdivided by vertical partitions called mesenteries or septa. Two Subclasses divide this group as follows: The Subclass Alcyonaria includes the sea pens, sea pansies, sea fans and sea whips. The Subclass Zooantharia includes the sea anemones and stony corals. 
The class Anthozoa includes all cnidarians that exhibit a polyp body plan only; in other words, there is no medusa stage within their life cycle. Examples include sea anemones (Figure 5), sea pens, and corals, with an estimated number of 6,100 described species. Sea anemones are usually brightly colored and can attain a size of 1.8 to 10 cm in diameter. These animals are usually cylindrical in shape and are attached to a substrate. A mouth opening is surrounded by tentacles bearing cnidocytes.
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Figure 5.  Sea anemones
The mouth of a sea anemone is surrounded by tentacles that bear cnidocytes. The slit-like mouth opening and pharynx are lined by a groove called a siphonophore. The pharynx is the muscular part of the digestive system that serves to ingest as well as egest food, and may extend for up to two-thirds the length of the body before opening into the gastrovascular cavity. This cavity is divided into several chambers by longitudinal septa called mesenteries. Each mesentery consists of one ectodermal and one endodermal cell layer with the mesoglea sandwiched in between. Mesenteries do not divide the gastrovascular cavity completely, and the smaller cavities coalesce at the pharyngeal opening. The adaptive benefit of the mesenteries appears to be an increase in surface area for absorption of nutrients and gas exchange.

Sea anemones feed on small fish and shrimp, usually by immobilizing their prey using the cnidocytes. Some sea anemones establish a mutualistic relationship with hermit crabs by attaching to the crab’s shell. In this relationship, the anemone gets food particles from prey caught by the crab, and the crab is protected from the predators by the stinging cells of the anemone. Anemone fish, or clownfish, are able to live in the anemone since they are immune to the toxins contained within the nematocysts.

Anthozoans remain polypoid throughout their lives and can reproduce asexually by budding or fragmentation, or sexually by producing gametes. Both gametes are produced by the polyp, which can fuse to give rise to a free-swimming planula larva. The larva settles on a suitable substratum and develops into a sessile polyp.
Food and Digestion. Any animal within range of the tentacles is attacked. Small food particles are conducted down the tentacles toward the mouth in a regular stream, while larger food particles are passed into the extended mouth. Excretion.-- The main nitrogenous waste is ammonia and this is released by simple diffusion. Muscles. These are usually the epithelio-muscular cells. Movement.-- Sea anemones have very slow, creeping movement by use of muscles inside the basal disc, while other members of the group such as the corals are stationary. Sensitivity.-- There are no sense organs present in the polyp stage, which is the only stage present in the Anthozoa (only medusae have sense organs).  However, the polyp tentacles and oral disc are most sensitive but do not constitute organs.

Reproduction.-- Both sexual and asexual reproduction are present. In sexual reproduction there are separate sexes (dioecious).  Gonads are borne primarily on secondary mesenteries that are located in back of the free edge. Economic Importance.-- There is little or no direct economic importance. However, indirectly corals form islands and their presence allows for human habitation. The horny skeletons of red corals have been used as jewelry. Hydra have been used with some success to combat mosquitoes (See Mosquito Suppression With Hydra).
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Theme of lecture 3
Worms

Plan:
1. Phylum: Plathelminthes

2. Phylum: Nemathelminthes

3. Phylum: Annelida

1. The Phylum: Platyhelminthes includes the flatworms. Three Classes treated here are Turbellaria, Trematoda and Cestoda. The Class Turbellaria is distinguished mainly on the appearance of the digestive tract. Four orders discussed are Acoela, Rhabdocoela, Tricladida and Polycladida as follows:

Platyhelminthes includes the familiar Planaria of elementary classrooms and the appalling flukes and tapeworms that have plagued humans for millennia. The phylum is distinguished by showing bilateral symmetry, allowing for such designations as anterior, posterior, dorsal, and ventral. The animals are dorso-ventrally flattened, and they possess three distinct germ layers during development and as adults. A distinct mesoderm layer is first presented here. The digestive tract has only one opening, which is similar to that of Cnidaria but more organized. This also serves as the anus. Flame cells are present, which are excretory cells that are the first structures to appear, which are exclusively excretory in function.

The flatworms are found widely distributed in both fresh and salt waters, soil and they occur as parasites of other animals. They have a well developed system of organs and their reproductive system is especially well developed.

The Class Turbellaria is named such by the little turbulences they create by the beating of their epidermal cilia.  These are mostly free-living organisms and only a few are commensals and parasites.  The body surface, or epidermis, is covered with cilia.  They are found in fresh and salt water and in the soil, and their size ranges up to about 5 cm.

The Class Trematoda include the flukes, and two Subclasses will be presented here:  Monogenea and Digenea.  Monogenea is a small group whose members are external parasites on the gills of fish, in the mouth cavity, etc., and some are parasites of cold-blooded vertebrates and some invertebrates. There is a direct development without a larval stage or intermediate host. Digenea are internal parasites, mostly on vertebrates. There is an indirect development where larval stages are living in intermediate hosts. The life cycles of the Digenea are quite complex.

All species of Trematoda are parasitic but they are mostly internal parasites, with fewer numbers being external parasites.  They are generally similar in structure to the Turbellaria but with several modifications. They have more complicated life cycles that involve several host animals. Economic Importance of Trematoda.-- Almost every species of Vertebrate has one Trematode parasite. Intestinal flukes are the most common so that the intestine was probably the original site.  Clonorchia is a liver fluke of humans causing "Oriental Fluke" disease.  There are also lung flukes and blood flukes.  

The Class Cestoda includes the tapeworms of humans and animals. All species are internal parasites primarily of vertebrates.  Their head is modified into a scolex, which is principally an organ of attachment. Their neck is located behind the scolex.  Behind the neck are the proglottids that are segments, which increase in size posteriorly. They are budded off in the neck region and mature as they move backwards. The Cestoda have lost all traces of a digestive tract.  

A representative species is the pork tapeworm, Taenia solium.  As an adult it lives in the human intestines while the larvae are encysted in the muscles of hogs. It has a simple morphology consisting of a scolex or rostellum adapted with hooks and four suckers, a neck and 800-1000 proglottids per animal.

Another representative species, Taenia saginata is the beef tapeworm. There are no hooks or rostellum, and a cow is the intermediate host. This species is more prevalent wherever humans consume raw beef.

2. Phylum: Nemathelminthes The Nematoda, formally known as the Nemathelminthes, are unsegmented, cylindrical worms. Although over 1,200 species have been identified, it is widely believed that these are just a small fraction of the total species in existence. Taxonomy of nematodes has been very difficult due to the relatively few diagnostic characters available.  Most species are free-living, and there are also many parasitic species, which are the best known.  Nematodes occur in marine and freshwater, in the soil, and as parasites on a wide array of animal and plant species. The body cavity is a Pseudocoelom and their size varies from microscopic up to two meters in length.

Nematoda are uniform morphologically and there are many variations in the small size range. More detailed morphology is found on the head and tail ends, and thus the teeth and copulatory bursae are extensively used in identification. Although there are a few hermaphroditic forms, most species have separate sexes. Some species alternate as free-living and parasitic, some are facultative parasites and some obligate parasites. Most parasitic species do not have intermediate hosts. When there are intermediate hosts these are almost always arthropods. Type Animal = Ascaris lumbricoides. Habitat.-- This species inhabits the intestine of humans or hogs, but it is not cross-infective between the two hosts.

In 1758, Linnaeus described some nematode genera (e.g., Ascaris), then included in the Vermes.

The name of the group Nematoda, informally called "nematodes", came from Nematoidea, originally defined by Karl Rudolphi (1808),from Ancient Greek νῆμα (nêma, nêmatos, 'thread') and -eiδἠς (-eidēs, 'species'). It was treated as family Nematodes by Burmeister (1837).
In 1861, K. M. Diesing treated the group as order Nematoda. In 1877, the taxon Nematoidea, including the family Gordiidae (horsehair worms), was promoted to the rank of phylum by Ray Lankester. The first clear distinction between the nemas and gordiids was realized by Vejdovsky when he named a group to contain the horsehair worms the order Nematomorpha. In 1919, Nathan Cobb proposed that nematodes should be recognized alone as a phylum. He argued they should be called "nema" in English rather than "nematodes" and defined the taxon Nemates (later emended as Nemata, Latin plural of nema), listing Nematoidea sensu restricto as a synonym.

However, in 1910, Grobben proposed the phylum Aschelminthes and the nematodes were included in as class Nematoda along with class Rotifera, class Gastrotricha, class Kinorhyncha, class Priapulida, and class Nematomorpha (The phylum was later revived and modified by Libbie Henrietta Hyman in 1951 as Pseudoceolomata, but remained similar). In 1932, Potts elevated the class Nematoda to the level of phylum, leaving the name the same. Despite Potts' classification being equivalent to Cobbs', both names have been used (and are still used today) and Nematode became a popular term in zoological science.
Since Cobb was the first to include nematodes in a particular phylum separated from Nematomorpha, some researchers consider the valid taxon name to be Nemates or Nemata, rather than Nematoda, because of the zoological rule that gives priority to the first used term in case of synonyms.

PhylogenyThe phylogenetic relationships of the nematodes and their close relatives among the protostomian Metazoa are unresolved. Traditionally, they were held to be a lineage of their own, but in the 1990s, they were proposed to form the group Ecdysozoa together with moulting animals, such as arthropods. The identity of the closest living relatives of the Nematoda has always been considered to be well resolved. Morphological characters and molecular phylogenies agree with placement of the roundworms as a sister taxon to the parasitic Nematomorpha; together, they make up the Nematoida. Along with the Scalidophora (formerly Cephalorhyncha), the Nematoida form the clade Cycloneuralia, but much disagreement occurs both between and among the available morphological and molecular data. The Cycloneuralia or the Introverta—depending on the validity of the former—are often ranked as a superphylum.
The head of a nematode is relatively distinct. Whereas the rest of the body is bilaterally symmetrical, the head is radially symmetrical, with sensory bristles and, in many cases, solid 'head-shields' radiating outwards around the mouth. The mouth has either three or six lips, which often bear a series of teeth on their inner edges. An adhesive 'caudal gland' is often found at the tip of the tail.
The epidermis is either a syncytium or a single layer of cells, and is covered by a thick collagenous cuticle. The cuticle is often of complex structure, and may have two or three distinct layers. Underneath the epidermis lies a layer of longitudinal muscle cells. The relatively rigid cuticle works with the muscles to create a hydroskeleton, as nematodes lack circumferential muscles. Projections run from the inner surface of muscle cells towards the nerve cords; this is a unique arrangement in the animal kingdom, in which nerve cells normally extend fibres into the muscles rather than vice versa.
Digestive system
The oral cavity is lined with cuticle, which is often strengthened with ridges or other structures, and especially in carnivorous species, may bear a number of teeth. The mouth often includes a sharp stylet, which the animal can thrust into its prey. In some species, the stylet is hollow, and can be used to suck liquids from plants or animals.

The oral cavity opens into a muscular, sucking pharynx, also lined with cuticle. Digestive glands are found in this region of the gut, producing enzymes that start to break down the food. In stylet-bearing species, these may even be injected into the prey.
No stomach is present, with the pharynx connecting directly to a muscleless intestine that forms the main length of the gut. This produces further enzymes, and also absorbs nutrients through its single-cell-thick lining. The last portion of the intestine is lined by cuticle, forming a rectum, which expels waste through the anus just below and in front of the tip of the tail. Movement of food through the digestive system is the result of body movements of the worm. The intestine has valves or sphincters at either end to help control the movement of food through the body
In many marine nematodes, one or two unicellular 'renette glands' excrete salt through a pore on the underside of the animal, close to the pharynx. In most other nematodes, these specialised cells have been replaced by an organ consisting of two parallel ducts connected by a single transverse duct. This transverse duct opens into a common canal that runs to the excretory pore.
The nervous system is also the only place in the nematode body that contains cilia, which are all nonmotile and with a sensory function.
At the anterior end of the animal, the nerves branch from a dense, circular nerve (nerve ring) round surrounding the pharynx, and serving as the brain. Smaller nerves run forward from the ring to supply the sensory organs of the head.[37]

The bodies of nematodes are covered in numerous sensory bristles and papillae that together provide a sense of touch. Behind the sensory bristles on the head lie two small pits, or 'amphids'. These are well supplied with nerve cells, and are probably chemoreception organs. A few aquatic nematodes possess what appear to be pigmented eye-spots, but whether or not these are actually sensory in nature is unclear.
Reproduction

Most nematode species are dioecious, with separate male and female individuals, though some, such as Caenorhabditis elegans, are androdioecious, consisting of hermaphrodites and rare males. Both sexes possess one or two tubular gonads. In males, the sperm are produced at the end of the gonad and migrate along its length as they mature. The testis opens into a relatively wide seminal vesicle and then during intercourse into a glandular and muscular ejaculatory duct associated with the vas deferens and cloaca. In females, the ovaries each open into an oviduct (in hermaphrodites, the eggs enter a spermatheca first) and then a glandular uterus. The uteri both open into a common vulva/vagina, usually located in the middle of the morphologically ventral surface.
Reproduction is usually sexual, though hermaphrodites are capable of self-fertilization. Males are usually smaller than females or hermaphrodites (often much smaller) and often have a characteristically bent or fan-shaped tail. During copulation, one or more chitinized spicules move out of the cloaca and are inserted into the genital pore of the female. Amoeboid sperm crawl along the spicule into the female worm. Nematode sperm is thought to be the only eukaryotic cell without the globular protein G-actin.

The nematode model species C. elegans and C. briggsae exhibit androdioecy, which is very rare among animals. The single genus Meloidogyne (root-knot nematodes) exhibits a range of reproductive modes, including sexual reproduction, facultative sexuality (in which most, but not all, generations reproduce asexually), and both meiotic and mitotic parthenogenesis.

Agriculture and horticulture


Depending on the species, a nematode may be beneficial or detrimental to plant health. From agricultural and horticulture perspectives, the two categories of nematodes are the predatory ones, which kill garden pests such as cutworms and corn earworm moths, and the pest nematodes, such as the root-knot nematode, which attack plants, and those that act as vectors spreading plant viruses between crop plants.[45] Predatory nematodes can be bred by soaking a specific recipe of leaves and other detritus in water, in a dark, cool place, and can even be purchased as an organic form of pest control.

Rotations of plants with nematode-resistant species or varieties is one means of managing parasitic nematode infestations. For example, marigolds, grown over one or more seasons (the effect is cumulative), can be used to control nematodes. Another is treatment with natural antagonists such as the fungus Gliocladium roseum. Chitosan, a natural biocontrol, elicits plant defense responses to destroy parasitic cyst nematodes on roots of soybean, corn, sugar beet, potato, and tomato crops without harming beneficial nematodes in the soil. Soil steaming is an efficient method to kill nematodes before planting a crop, but indiscriminately eliminates both harmful and beneficial soil fauna.

3. Phylum: Annelida The Annelida include the two-segmented worms, earthworms, and ringed worms. Arrangement of the various groups on Annelida is in a constant state of flux as specialists continue to disagree on where to place the members. As of July 2010 the classification show here tends to have the majority of adherents.

They are the first phylum with segmentation. Their body is divided into a linear series of metameres. They have bilateral symmetry; a true coelom and one pair of nephridia are located in most segments. Nephridia reach their highest point of development in this group. They possess a non-chitinous cuticle but they have chitinous setae. 

The nervous system consists of a dorsal brain, a ventral, double and solid nerve cord and a ganglion in every segment. Circulation is via a well-developed blood system, which is usually closed, and a dorsal blood vessel or heart.

Most species occur in the marine environment, but some are terrestrial and others are found in freshwater. Their size varies from microscopic to over four meters in length. Marine forms have trochophore larvae and thus there is a common ancestry with the Mollusca.

Anatomy

The epidermis is protected by an acellular, external cuticle, but this is much thinner than the cuticle found in the ecdysozoans and does not require periodic shedding for growth. Circular as well as longitudinal muscles are located interior to the epidermis. Chitinous hairlike extensions, anchored in the epidermis and projecting from the cuticle, called setae/chaetae are present in every segment. Annelids show the presence of a true coelom, derived from embryonic mesoderm and protostomy. Hence, they are the most advanced worms. A well-developed and complete digestive system is present in earthworms (oligochaetes) with a mouth, muscular pharynx, esophagus, crop, and gizzard being present. The gizzard leads to the intestine and ends in an anal opening. A cross-sectional view of a body segment of an earthworm (a terrestrial type of annelid) is shown in Figure 2; each segment is limited by a membranous septum that divides the coelomic cavity into a series of compartments (Figure 6).
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Figure 6. This schematic drawing shows the basic anatomy of annelids in a cross-sectional view

The Class Polychaeta, meaning "many bristles" includes those species that possess tufts of chitinous setae on every segment of the body. All characteristics of the phylum are present.  There is a well-developed head with sensory structures, such as tentacles, palps and eyes. There are lateral outgrowths called parapodia, which occur on every segment and are equipped with setae. Transient gonads appear only during the breeding season and occur in many segments of the body. There are no definite openings for gametes to exit the body, so they escape via temporary openings or by rupturing of the body wall.  Most are marine organisms, but some do occur in fresh and brackish water.

An example Genus is Nereis (= Neanthes). The species occur on coastal shores where they live in tubes in mud or sand, which are lined by a mucous secretion. Economic Importance. -- The Polychaeta have no direct economic importance but they may serve as food for other marine animals.

The Clitellata includes Classes Oligochaeta and Hirudinea.

The Class Hirudinia includes the leeches, which are blood-sucking parasites of other animals. They are primarily freshwater animals, but terrestrial and marine members exist.  Their characteristics bear a closer resemblance to Oligochaeta than Polychaeta. Body Plan. -- There is a higher degree of flattening than in the other members of the Annelida.  They possess conspicuous suckers on both ends of the body, and there are a definite number of segments for each species in the adult form.  Segments are subdivided into "annuli" which are a secondary segmentation. There are some predatory species but most are parasitic on other organisms. They have three chitinous jaws that are able to make incisions.

Circulation. -- There is a modified circulation where the blood goes into sinuses, which are remnants of the true coelom. These are lined with gelatinous tissue called botryoidal tissue. This reduced and modified coelom differs from all the other Annelida. Part of the coelom is used as a haemocoel, and is thus thought of as a partially open system. Respiration. -- Capillaries are present in the epidermis and oxygen diffuses through the skin. Excretion. -- Nephridia perform excretion and bladders are present for storage. Motion & Locomotion. -- There is swimming and a measuring worm movement that is facilitated by suckers. Nervous System. -- Sense organs are the eyes and papillae on the anterior end. Nerves are present as in other Annelida. Reproduction. -- This is similar to the Oligochaeta as they are hermaphroditic and cross-fertilization occurs. Economic Importance. -- Hirudinia have been implicated in the transmission of some diseases. Their attachment to swimmers in lakes causes fright and minor irritation.

Basic literature on Invertebrates Zoology

6 Burukovsky R.N. Zoology of invertebrates. Part 1,2,3. - Kaliningrad, 1999. - 164 p.

7 Barnes R., Kejloy P., Olive P., Golding, D. Invertebrates: new generalized approach. M., Mir,1992. 584 p.

8 Dogel V.А. Zoology of invertebrates. М. 1981. 586 p.

9 Schalapenok Е.S., Buga S.V. Workshop on invertebrate Zoology. Textbook. manual. Minsk.: «Novoe znanie», 2002. 272 p. 

10 Sharova I.C. Invertebrate Zoology. M 1999. 592 p.

Further literature on Invertebrates Zoology

6 Zelikman A.L. Workshop on invertebrate Zoology. M. 1965. 332 p.

7 Course of Zoology. Vol.1, Invertebrate Zoology, Ed. Matveeva B.S., M, 1992.

8 Levushkin S.I, Shilov I.A. General Zoology. - M: Vyschaya Schkola, 1994. - 432 p.

9 Natalie V.F. Invertebrate Zoology. M., Prosveschcenie, 1975. 487 p..

10 Хadorn E., Vener R. General Zoology. M: Mir, 1989. -528 p.

Theme of lecture 4.

Phylum: Mollusca
Plan:

1. General characteristics

2.  Class Monoplacophora 

3. Class Gastropoda

4. Class Bivalvia

5. Class Cephalopoda
1. General characteristics. Mollusca are a large well-defined group that is fundamentally bilaterally symmetrical even though the distortion may be great.  There is no segmentation and name means "soft-bodied."   Outstanding body features are the shell or calcareous exoskeleton, the mantle, which is a fold of the body wall that lines and secretes the shell, and the foot, which is a muscular organ usually concerned with locomotion.  A true coelom exists although it may be reduced in size. The animals are primarily marine, but many, like some clams and snails, are found in freshwater and terrestrial.
Phylum Mollusca is the predominant phylum in marine environments. It is estimated that 23 percent of all known marine species are mollusks; there are over 75,000 described species, making them the second most diverse phylum of animals. The name “mollusca” signifies a soft body, since the earliest descriptions of mollusks came from observations of unshelled cuttlefish. Mollusks are predominantly a marine group of animals; however, they are known to inhabit freshwater as well as terrestrial habitats. Mollusks display a wide range of morphologies in each class and subclass, but share a few key characteristics, including a muscular foot, a visceral mass containing internal organs, and a mantle that may or may not secrete a shell of calcium carbonate (Figure 7).
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Figure 7. There are many species and variations of mollusks; this illustration shows the anatomy of an aquatic gastropod.
Mollusks have a muscular foot, which is used for locomotion and anchorage, and varies in shape and function, depending on the type of mollusk under study. In shelled mollusks, this foot is usually the same size as the opening of the shell. The foot is a retractable as well as an extendable organ. The foot is the ventral-most organ, whereas the mantle is the limiting dorsal organ. Mollusks are eucoelomate, but the coelomic cavity is restricted to a cavity around the heart in adult animals. The mantle cavity develops independently of the coelomic cavity.

The visceral mass is present above the foot, in the visceral hump. This includes digestive, nervous, excretory, reproductive, and respiratory systems. Mollusk species that are exclusively aquatic have gills for respiration, whereas some terrestrial species have lungs for respiration. Additionally, a tongue-like organ called a radula, which bears chitinous tooth-like ornamentation, is present in many species, and serves to shred or scrape food. The mantle (also known as the pallium) is the dorsal epidermis in mollusks; shelled mollusks are specialized to secrete a chitinous and hard calcareous shell.

Most mollusks are dioecious animals and fertilization occurs externally, although this is not the case in terrestrial mollusks, such as snails and slugs, or in cephalopods. In some mollusks, the zygote hatches and undergoes two larval stages—trochophore and veliger—before becoming a young adult; bivalves may exhibit a third larval stage, glochidia.
The Class Pelecypoda, meaning "hatchet foot," includes the bivalves, clams, oysters and mussels.  They are bilaterally symmetrical and laterally compressed.  There are right and left bivalve shells, which are hinged along the mid-dorsal line, and the ventral side opens.  The mantle lines both valves of the shell.  There is no head and the foot is laterally compressed.  There are two pairs of lamellate gills. 

Characteristics of the freshwater clam Genus Anodonta are discussed as follows:

Habitat.-- Anodonta lies on the bottom or is partially buried in mud of freshwater streams and lakes. Body Plan.-- There is a shell the exterior of which is covered with conspicuous. Characteristics of the marine clam Genera Vanus, Teredo and Pecten are discussed as follows:

There is much variation in the foot, siphon life cycle and muscles.  Some species have only an adductor muscle.  Some like the oyster become sessile and secrete a shelly layer to the substrate. Some secrete byssus threads to the substrate (e.g. black mussel).

Shipworms of the genus Teredo bore into wood and are able to digest cellulose.

Scallops of the genus Pecten are swimming clams where movement is accomplished by clapping the valves together.  Jets of water on the end opposite to the shell aperture push the clam ahead.  Blue eyes are present on flanges of the mantle.

Reproduction.-- This compares with freshwater forms.  The sexes are mostly separate.  Protandry or "first males" exists. All oysters are males at first and later they become females.  Sexes may alternate from season to season. Some freshwater clams such as Sphaerium and Pisidium are also hermaphroditic and viviparous. 

Economic Importance of Pelecypoda. Oysters, clams and scallops are a major source of human food. The shells of freshwater clams particularly have been used for buttons.  Pearls are secretions of the mantle around an irritant of calcium carbonate and are usually found in some oyster species.

2. Class Monoplacophora are bilaterally symmetrical with internal metamerism.  One solitary shell covers the pallium that extends over the dorsum.  The anus is located in the medial posterior area. They have well developed coelomic cavities. The paired auricles deliver blood to two symmetrical long ventricles located on either side of the intestine. Nephridia emanate from coelomic sacs and op0en on the surface in the palial furrow. The gonads are symmetrical and open through the nephridia. The nervous system is very primitive.  Sexes are separate.
Living representatives of this Class were not discovered until 1952, although Paleozoic fossil monoplacophorans had been known for some time. At present, 11 species are known. Most live at great depths and all are marine. Monoplacophorans are small and have a single, caplike shell, giving them a limpet-like appearance. A number of their organs (nephridia, heart, etc.) are repeated serially, making them resemble metamerically-arranged species such as annelids and arthropods. Whether this resemblance indicates a close relationship between monoplacophorans and phyla exhibiting true metamerism is an open question.

Neopilina galatheae, top (dorsal) view. Neopilina is peculiar because of the replication of various of its organs and organ systems, reminiscent of metameric animals. The class Monoplacophora is well known as fossils, and until 1952 all of its members were believed to have been extinct since the Devonian period, about 350 million years ago. [This shell, relatively thin, was damaged while being dredged.

Neopilina galatheae, bottom. The oval, flat foot is characteristic of the classes Monoplacophora, Polyplacophora and Gastropoda. The foot is bordered on each (left and right) sides by five gills.

 3 The Class Gastropoda, meaning, "stomach-foot", includes the snails and slugs.  The shell is univalve and almost always coiled.  They have a flat, sole-like, creeping foot and a well-developed head with sense organs.  The mantle lines the shell.  There is a twisting of the internal organs called torsion.  The majority of species are marine, but many freshwater and terrestrial snails exist.

There is a tremendous variation in size, shape and sculpturing of the shell and also in reduction of the shell.  The mantle in addition to secreting the shell also is especially modified to form a siphon on the left side of the animal.  A respiratory chamber is formed, and the mantle is capable of being inflated in some tropical snails, which results in a high polish on the outside of the shell.

The foot is also subject to modification. This is a wing-like structure developed for swimming.  The operculum on the foot is for closing the shell like a door (e.g., Busycon sp.)
The visceral mass in the shelled species displays torsion around the perpendicular axis on the center of the foot, which is the key characteristic of this group, along with a foot that is modified for crawling (Figure 8). Most gastropods bear a head with tentacles, eyes, and a style. A complex radula is used by the digestive system and aids in the ingestion of food. Eyes may be absent in some gastropods species. The mantle cavity encloses the ctenidia as well as a pair of nephridia.
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Figure 8. During embryonic development of gastropods, the visceral mass undergoes torsion, or counterclockwise rotation of anatomical features. As a result, the anus of the adult animal is located over the head. Torsion is an independent process from coiling of the shell.
The internal anatomy is largely variable in the degree of torsion, where all organs in the visceral mass are involved.  The evolutionary trend is toward the loss of paired structures, as there is only one gonad, kidney, etc. resulting from the loss of one of the pair through atrophy. Economic Importance.-- Abalone, snails, etc. have been important food sources for humans.  Some species such as the oyster drill, slugs and terrestrial snails are pests.  Over the centuries the dye Royal Purple was produced from Mediterranean snails.

4. Class Bivalvia sometimes called Pelecypods (meaning axe foot) or, in older literature, referred to as Lamellibranchs, are a very diverse and abundant group of molluscs which inhabit a variety of marine and non-marine environments. Their long geologic history and variety of forms have made them the popular subjects of many evolutionary and functional morphological studies.

For those who work on modern bivalves, often the characters such as the gill structure and even color patterns have taken prominence in classification. However, for those working on only the preserved hard parts of fossils, usually features such as differences in teeth provide the classification scheme. Unfortunately, because bivalves have many morphologic features with adaptive value, many of these features have arisen more than once. As a result, it is often difficult to erect a classification that reflects an evolutionary history. The classification scheme given above (which you are not responsible for) is derived in part from your text and is an attempt to incorporate both hard and soft part morphology.

The shell of bivalve molluscs is characterized by two calcareous halves, called valves, which can be composed of either calcite and/or aragonite. Some groups, such as the oysters,  are exclusively calcitic, while others, such as the pterioids,  have an aragonitic inner layer. The outermost layer of the bivalve shell, called the periostracum, is composed of a horny organic substance which in the example is the darker material only on the external part of the shell.  

The beak is located in the dorsal region of bivalves. The byssus or foot protrudes from the anterior of the shell, while the posterior the shell is the region of siphon protrusion (at least in some bivalves). The plane between the two valves (or commissural plane) is the plane of symmetry which separates the left from right valve. Note there is not an upper and lower valve (as in brachiopods) because most bivalves are oriented with their commissure plane vertical. Although this symmetry is retained in most bivalves,  the symmetry is secondarily lost in others. Note that in one of the specimens, there is close to a plane of symmetry within the valves.  
There are two families of bivalves, the Sphaeriidae (fingernail clams) and the Unionidae (freshwater pearly mussels), and two families that were introduced from Europe, the Corbiculidae (Asian clams) and the Dreissenidae (zebra and quagga mussels). All bivalves are filter-feeding organisms.

The Asian clam is a warm water species and cannot survive waters that freeze. They are common in enriched waters and can tolerate water with as little as 50% oxygen saturation, but not for prolonged periods.

Fingernail clams are closely related to the Asian clams. There are four genera, but only three, Sphaerium, Musculium and Pisidium, are common. Most species of Musculium can be found in temporary aquatic habitats. Most Sphaerium species are large, about 8 to 20 mm; Pisidium species are the smallest, most ranging in shell length from about 2 to 6 mm; and most Musculium species are intermediate in size, about 8 to 10 mm in shell length, and the shells are thin and fragile.

One species, Musculium transversum, is an enrichment indicator, reaching its largest densities in organically enriched waters that may have as little as 25% oxygen saturation.

Most other fingernail clams require clean water with high oxygen tensions. In fact, some fingernail clams are oligotrophic indicators. While most fingernail clams are not assigned to any indicator group, they seem to be most abundant in sandy bottoms and waters with atleast 75% oxygen saturation.

Sphaerium nitidum and Pisidium conventus reach their greatest densities in the profundal zones of oligotrophic lakes or in the shallow waters of lakes in high northern latitudes.

Some, like Sphaerium simile, Sphaerium striatinum, Pisidium casertanum, Pisidium compressum, and Pisidium adamsi are abundant in organic sediments but the waters are usually well saturated with oxygen, as in many river and stream environments.

The most familiar bivalves are the freshwater pearly mussels. Most species are large (30-150 mm), but some may grow to nearly 250 mm in shell length.

Zebra mussels were first discovered in 1988 in Lake St. Clair but probably first arrived in 1985. Quagga mussels were first discovered in 1990 in Lake Ontario but probably first arrived in 1988 or 1989.

Because of the quagga mussels' ability to reproduce in cooler waters and survive in soft substrates, they will be found in deeper, colder waters of deep lakes and occur further north than zebra mussels.

Conversely, zebra mussels will probably prevail on hard substrates in the shallow waters of lakes and will be the main species in the southern United States where water temperatures are warmer than found at higher latitudes.

But both species will cause the same kinds of problems. Because zebra mussels are so prolific in numbers and are so efficient at filtering the water, there has been a noticeable increase in the clarity of water in the Great Lakes since their arrival in 1985. For example, the Secchi depth in Lake Erie had increased from about 1.5 m to about 3.5 m in the eight years that the mussels have been in the Great Lakes. The water clarity is suspected to have a profound impact on larval species of fish that feed upon the plankton. This includes several zooplankton species, larval species of fish that feed upon the zooplankton, and planktivorous adult fish.

This group includes clams and mussels which typically occur in most freshwater habitats and may be particularly abundant in certain streams. Although the clams and mussels have a wide range of tolerances to pollution with some species being very sensitive to water quality, habitat and biological conditions, a number of species of this group (especially clams) can tolerate somewhat degraded conditions (Peckarsky et al, 1990).

Mussels have larval stages that are parasitic on specific fish species and are dependent on this host fish species for dispersal within aquatic systems. As a result, problems such as barriers to fish movement, or the reactions of mussels or host fish species to environmental conditions may cause complex and variable responses in mussel populations. Because of their long life span and sensitivity to environmental change, most species of mussels are good indicators of water quality.

5. The Class Cephalopoda, meaning, "head foot", includes the squids, cuttlefish, octopus and Nautilus. However, a well-developed shell is present only in Nautilus.  In the squid and cuttlefish the shell is reduced and is located internally.  In the octopus it is completely absent.  Tentacles vary in number from eight in the octopus to 10 in the squid and more than 20 in Nautilus. The giant squid is the largest known invertebrate that can reach 17 to 20 meters in length with its tentacles extended. Cuttlefish do not occur in North America.

An example animal is Sepia, the cuttlefish. It produces a brown "sepia dye" in an ink gland. It is bilaterally symmetrical but distorted. The foot is displaced forward and modified into tentacles around the mouth. A jet of water from the mantle cavity can be ejected through the funnel, which is also derived from the foot. The funnel has been erroneously referred to as a siphon. The mantle encloses the whole body except the head. The shell is reduced or absent except in Nautilus, and there is an internal cartilaginous skeleton. The nervous system is highly developed. 

The ink gland is a protective structure that is derived from a diverticulum off of the posterior part of the rectum. It is divided into a glandular and a storage section. The ink functions not as a coloring fluid, bur rather as an anesthetic to the sense organs of predators.  Some species also are extremely poisonous if consumed.

Economic Importance.- Cephalopods are used for human food, fish bait in saltwater fishing, sepia dye and cuttlebone for caged birds, especially canaries.  

The Class Amphineura includes the chitons.  Their body plan is bilaterally symmetrical.  The mouth and anus are located at opposite ends.  The head is without tentacles or eyes.  There are a continuous series of shells dorsally located, and there is a flattened foot.

Primitive gills serve for respiration. The nervous system also is very primitive. For reproduction some species have a trochophore larva.

Class Aplacophora are worm-like animals where the food is absent or represented by a median ridge in a groove on the ventral side. The mantle is enlarged and there are no shell plates by only spicules. A tiny cloacal chamber at the posterior end may represent the mantle cavity.  Gills may be either present or absent.

These are simplified Mollusca that have many characteristics of worms but may be distinguished from the Annelida by not having segmentation and possessing a Mollusca type of coelom. A radula is present in some species.

Basic literature on Invertebrates Zoology

11 Burukovsky R.N. Zoology of invertebrates. Part 1,2,3. - Kaliningrad, 1999. - 164 p.

12 Barnes R., Kejloy P., Olive P., Golding, D. Invertebrates: new generalized approach. M., Mir,1992. 584 p.

13 Dogel V.А. Zoology of invertebrates. М. 1981. 586 p.

14 Schalapenok Е.S., Buga S.V. Workshop on invertebrate Zoology. Textbook. manual. Minsk.: «Novoe znanie», 2002. 272 p. 

15 Sharova I.C. Invertebrate Zoology. M 1999. 592 p.

Further literature on Invertebrates Zoology

11 Zelikman A.L. Workshop on invertebrate Zoology. M. 1965. 332 p.

12 Course of Zoology. Vol.1, Invertebrate Zoology, Ed. Matveeva B.S., M, 1992.

13 Levushkin S.I, Shilov I.A. General Zoology. - M: Vyschaya Schkola, 1994. - 432 p.

14 Natalie V.F. Invertebrate Zoology. M., Prosveschcenie, 1975. 487 p..

15 Хadorn E., Vener R. General Zoology. M: Mir, 1989. -528 p.

Theme of lecture 5.

Phylum: Arthropoda Subphylum:

Branchiopoda Subphylum Chelicerata
Plan:
1. General characteristics

2. Subphylum:Branchiopoda

3. Subphylum Chelicerata
1. General characteristics. An arthropod (/ˈɑːrθrəpɒd/, from Greek ἄρθρον arthron, "joint" and πούς pous, "foot") is an invertebrate animal having an exoskeleton (external skeleton), a segmented body, and paired jointed appendages. Arthropods form the phylum Euarthropoda, which includes insects, arachnids, myriapods, and crustaceans. The term Arthropoda as originally proposed refers to a proposed grouping of Euarthropods and the phylum Onychophora. Arthropods are characterized 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.

Their versatility has enabled them 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 per cent 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. Arthropods' primary internal cavity is a hemocoel, which accommodates their internal organs, and through which their haemolymph – analogue of blood – circulates; they have open circulatory systems. 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 setae (bristles) 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 Metazoa 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.

Arthropod bodies are also segmented internally, and the nervous, muscular, circulatory, and excretory systems have repeated components.

Arthropods come from a lineage of animals that have a coelom, a membrane-lined cavity between the gut and the body wall that accommodates the internal organs. 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.[29] Tracheae, systems of branching tunnels that run from the openings in the body walls, deliver oxygen directly to individual cells in many insects, myriapods and arachnids.
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. It consists of the fused ganglia of the acron and one or two of the foremost segments that form the head – a total of three pairs of ganglia in most arthropods, but only two in chelicerates, which do not have antennae or the ganglion connected to them. 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. All crustaceans use this system, and its high consumption of water may be responsible for the relative lack of success of crustaceans as land animals. Various groups of terrestrial arthropods have independently developed a different system: the end-product of nitrogen metabolism is uric acid, which can be excreted as dry material; the Malpighian tubule system filters the uric acid and other nitrogenous waste out of the blood in the hemocoel, and dumps these materials into the hindgut, from which they are expelled as feces. Most aquatic arthropods and some terrestrial ones also have organs called nephridia ("little kidneys"), which extract other wastes for excretion as urine.
2. Subphylum Branchiopoda, whose name means "gill-feet" in-cludes primarily freshwater species.  Some are able to swim by using their antennae. They are fee living with compound eyes and usually a carapace. The mandibular palp is rarely present.  They show both primitive and specialized characters. 

The Order Phyllopoda includes the fairy shrimp, tadpole shrimp and brine shrimp. These are primarily small (5 cm.) freshwater species with gills on their legs.  They differ from other crustaceans by the absence of the 2nd maxilla. 

The Order Cladocera includes Daphnia species. They are free-swimming crustaceans that tend to swim with their dorsal side up.  They have a two-valve carapace that covers most of the body save for the appendages. In some members the carapace covers only the brood pouch. The head is generally separated from the body by a deep indentation. It projects forward as a beak or rostrum.  On the front of the head there is a single compound eye, which is derived from two fused eyes. Most species also have a simple naupiliar eye.

SubClass: Cephalocarida – horseshoe shrimp are small, 2-4 mm. crustaceans that have an elongated body and a large head, the posterior edge of which covers the 1st thoracic segment.  Eyes are absent and the 2nd pair of antennae is located posterior to the mouth, which is unique for the Crustacea.  The mouth is behind the upper lip and mandibles occur on either side. Maxillae are unspecialized. There are 10 thoracic segments and the abdomen bears a telson but no other appendages. 

SubClass: Maxillopoda – barnacles, fish lice, etc. The Order Cirripedia are the barnacles.  They are the only Crustacea, which are frequently sessile. They are typically hermaphroditic. A carapace encloses the entire body and is very heavy by being impregnated with calcium salts. All species are found in the marine environment, and some are parasitic. 

Order: Copepoda includes the genus Cyclops. They are primarily marine organisms bud some species also occur in freshwater. They have a single median eye and swim by means of their antennae.  Parasitic forms are common. 

SubClass: Ostracoda – seed shrimp. They have the appearance of clams because their carapace is bivalved.  They are very tine and live in marine and freshwater environments. In northeastern North America they are some of the first animals to appear in ponds in springtime. They differ little in form of the body but have a great variety of appendages.  Their cephalic limbs are well developed and complex. 

Order: Cumacea is a small group of marine or brackish water organisms often called "hooded shrimps." They have a uniform body plan that distinguishes them from other Crustacea.  There is an enlarged carapace, a slender abdomen and forked tail. They are small ranging up to 10 mm long.  They have two eyes that are often fused in some species. 

Order: Leptostraca are marine organisms that are principally filter feeders.  Some authorities consider them to be the most primitive members of the Malacostraca.  They are small, ranging to about 16 mm long. They have eight abdominal segments instead of the usual six.  Their compound eyes are stalked.  The carapace is very large and covers the head and thorax/

Order: Isopoda. -- The pill bugs or sow bugs are flattened dorso-ventrallay. Abdominal appendages are modified into gills.  Both terrestrial and marine species occur. Terrestrial species are widespread and found under rocks and garden wastes where they often abound. 

Order: Amphipoda. -- Primarily marine. They do not have a carapace. The eyes are sessile and the body is usually depressed.  There is much variety exhibited in the group.

Order:  Decapoda. -- The order is divided into three suborders which are Macrura = "Big Tail" includes lobsters and crayfish, Anomura = Peculiar tail" includes the hermit crab, and Brachyura = "Short Tail" includes the crabs. The lobster, Homarus americanus, is an example animal for the Malacostraca: Decapoda: Macrura. It is a marine animal that burrows along rocky ocean shores
The presence of five pairs of thoracic legs (pereiopods) is the basis for the name decapod (from the Greek meaning “10 legs”). Members of the order exhibit great diversity in size and structure. The macrurous (shrimplike) species, which can be as small as 1 cm (0.5 inch), have elongated bodies with long abdomens, well-developed fan tails, and often long, slender legs. The brachyurous (crablike) types, which in the case of spider crabs can have spans of almost 4 metres (12 feet) between their outstretched claws, have bodies that are flattened and laterally expanded, frequently with stout, short legs and reduced tail fans.

Decapods are primarily marine animals and are most abundant in warm, shallow tropical waters, but they are exploited commercially throughout the world. Some shrimp, for example, live in the open ocean and possess light organs, or photophores, which are thought to aid in feeding, species recognition, or camouflage (by counterillumination). Approximately 10 percent of known decapod species occur in freshwater or terrestrial habitats. Survival in freshwater depends upon an organism’s ability to keep its blood concentration at a level higher than the medium and to reduce the permeability of its body surface. Those decapods that have colonized terrestrial environments, such as some species of hermit and fiddler crab, have evolved mechanisms to protect against desiccation and overheating while regulating the internal concentrations of their body fluids. Vascularization of the gill surfaces has made respiration possible on land for some species of decapods. Terrestrial decapods must usually return to the sea to spawn, while most freshwater decapods spend their entire life cycle in fresh water, commonly hatching their young as miniature adults.

Decapods exist in a variety of relationships with other organisms. Members of some hermit crab species, for example, carry anemones or bryozoan colonies on the shell in a commensal relationship (one in which the colonies do not feed on the host tissue). The pea crab Pinnotheres ostreum, on the other hand, parasitically feeds on the American oyster, causing gill damage (Figure 9). Some shrimp have symbiotic relationships with fish; they remove parasites from the mouths and gills of the fish.
[image: image8.jpg]



Figure 9. Pea crab (Pinnotheres pisum) in opened shell

Decapods are behaviorally complex. Hermit crabs seek out empty shells to use as a protective covering, selecting successively larger ones to accommodate their growth. They discriminate between available shells based on each shell’s size, species, weight, and degree of physical damage. The two basic types of locomotion are swimming and crawling, though the macruran decapods are able to move swiftly backward by flexing their abdomens. Burrowing is accomplished by beating the leaflike swimmerets, or pleopods, or by digging with the thoracic legs.

There is generally a separation between the sexes, although there are some examples of simultaneous hermaphroditism (i.e., individuals with both male and female reproductive organs). In most groups fertilization is external, although in some species it is internal. Variations in patterns of mating activity are believed to be linked to the molting cycle. Male decapods can copulate only when their exoskeleton is fully hardened, while some females are capable of copulation only after a molt when their shells are soft. In most decapods the fertilized eggs are carried cemented to the abdominal appendages until they are hatched. After hatching they can be classified as one of four basic larval types, partly by their mode of locomotion: nauplius, protozoea, zoea, and postlarva. Most decapod crustacean larvae hatch in the zoea stage.

Decapods have three distinct body regions, each made up of segments, or somites: the head, thorax, and abdomen. The head and the thorax are fused and are often referred to as the cephalothorax. A pair of appendages is attached to each somite. The first two pairs, the first and second antennae, consist of a segmented stalk and flagella, and serve such sensory functions as olfaction, touch, and balance. The remaining three head appendages are either the crushing and chewing mandibles or the flattened, multilobed food manipulators. The anterior thoracic appendages serve as mouthparts, while the posterior pairs are the walking legs, or pereiopods. The remaining appendages may be modified for swimming, sperm transfer, pinching claws, or even forming a tail fan with the telson.

A head shield, or carapace, covers the cephalothorax and extends over the gills, which are attached to the body wall of the thorax. The heart is located to the rear of the carapace above the gut, which is basically a straight tube consisting of the stomodeum, or foregut, the mesenteron, or midgut, and the proctodeum, or hindgut. The primary excretory organ is a gland (the “green gland”) that opens at the base of the antennae. The central nervous system consists of a supraesophageal ganglion with lateral connections to a subesophageal ganglion. The eyes, which may be absent in some deep-sea species, are usually well-developed with a pigmented, multifaceted cornea.
3. Subphylum: Chelicerata: The Class Arachnida includes the spiders, horseshoe crab, scorpions and mites. It is a very large class of mostly terrestrial arthropods, with the marine horseshoe crab being an exception. The general characteristics are the absence of antennae and a body comprised of a cephalothorax and an abdomen, the latter may appear as only a single part without divisions. The cephalothorax bears four pair of walking legs and 6-8 eyes raised on tubercules. The head appendages include chelicerae, which are jaw like with claws and poison duct openings at their tips. The basal portion of pedipalps serves both feeding and sensory functions.

Class: Arachnida: Order Araneae includes the true spiders.  Segmentation is obscure in the abdomen and there are no obvious appendages except 3-4 pairs of spinnerets at the posterior end of the abdomen that are modified abdominal appendages.

Food & Digestion -- Insects and other small animals are caught in webs.  The prey is paralyzed and their liquid contents are moved up through the pharynx and esophagus. A sucking stomach pumps food from the prey through the mouth and into the digestive tract.

Circulation -- The heart is long and located in the abdomen.  The dorsal aorta in the cephalothorax has subsequent branches to appendages and the brain and eye regions. Some blood is pumped posteriorly to a short posterior aorta.  The haemocoel is divided into various sinuses.  Blood reaches the book lungs and is aerated after which it returns to the heart.

Respiration -- Air diffuses directly into the book lungs, as the blood does not carry oxygen. Some tracheae may occur but they are never well developed.

Excretion -- Malpighian tubules serve for excretion.  Coxal glands that are modified nephridia may also be involved in excretion.

Nervous System -- There is a typical pattern where a great concentration of ganglia occurs in the anterior cephalothorax.  Nerves run out to different parts of the body.

Sensory Organs -- There are the eyes, pedipalps and setae all over the body all of which have sensory functions.

Reproduction -- The sexes are separate. Ducts open near the anterior end of the body, but fertilization is internal. Development is direct.

Silk Glands -- There are several varieties of silk glands.  The silk they produce differs in strength, slipperiness, etc.  Different kinds of webbing are produced for particular circumstances.  The tips of the legs are modified for walking on the webs.

Economic Importance -- Some species of spiders are poisonous to humans and animals.  Spider silk has been used in bombsights during World War II.

Order: Scorpiones (Scorpionida) -Order: Amblypygi. Order: Pseudoscorpionida --Order:  Opiliones

Subclass:Acari Leach, 1817

Superorders Acariformes Parasitiformes

Acari (or Acarina) are a taxon of arachnids that contains mites and ticks. The diversity of the Acari is extraordinary and its fossil history goes back to at least the early Devonian period.[1] As a result, acarologists (the people who study mites and ticks) have proposed a complex set of taxonomic ranks to classify mites. In most modern treatments, the Acari is considered a subclass of Arachnida and is composed of two or three superorders or orders: Acariformes (or Actinotrichida), Parasitiformes (or Anactinotrichida), and Opilioacariformes; the latter is often considered a subgroup within the Parasitiformes. The monophyly of the Acari is open to debate, and the relationships of the acarines to other arachnids is not at all clear.[2] In older treatments, the subgroups of the Acarina were placed at order rank, but as their own subdivisions have become better understood, it is more usual to treat them at superorder rank.

Most acarines are minute to small (for example, 0.08–1.00 mm or 0.003–0.039 in), but the largest Acari (some ticks and red velvet mites) may reach lengths of 10–20 mm (0.4–0.8 in). Over 50,000 species have been described (as of 1999) and it is estimated that a million or more species may exist. The study of mites and ticks is called acarology (from Greek ἀκαρί/ἄκαρι, akari, a type of mite; and -λογία, -logia).

Morphology. Mites are arachnids and, as such, evolved from a segmented body with the segments organised into two tagmata: a prosoma (cephalothorax) and an opisthosoma (abdomen). However, only the faintest traces of primary segmentation remain in mites; the prosoma and opisthosoma are fused, and a region of flexible cuticle (the circumcapitular furrow) separates the chelicerae and pedipalps from the rest of the body. This anterior body region is called the capitulum or gnathosoma and, according to some works, is also found in Ricinulei. The remainder of the body is called the idiosoma and is unique to mites.
Economic and medical importance. Some parasitic forms affect humans and other mammals, causing damage by their feeding, and can even be vectors of diseases, such as scrub typhus, rickettsialpox, Lyme disease, Q fever, Colorado tick fever, tularemia, tick-borne relapsing fever, babesiosis, ehrlichiosis and tick-borne meningoencephalitis.[8] A well known effect of mites on humans is their role as an allergen and the stimulation of asthma in people affected by respiratory disease. Chemical agents used to control ticks and mites include dusting sulfur and ivermectin.
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Theme of lecture 6

Phylum: Arthropoda Subphylum: Tracheata
Plan:
1. General characteristics of  Tracheata

2. General Characteristics of Insects

3. The Insect Orders 

1. General characteristics of  Tracheata is the most highly developed subphylum of the invertebrates, and they contain the greatest number of species.  Included are such widely recognized groups as the insects, spiders, crabs and barnacles. General characteristics are a segmentation that varies in different parts of the body, often referred to as heteronomous metamerism.  There is a chitinous exoskeleton, which is flexible but horny and tough.  It is always mixed with other materials such as proteins and fats.  They all possess jointed appendages, one per segment, which are primitive and never fully functional.  The body cavity is a haemocoel that is not a true coelom.  There are a dorsal brain, ventral ganglia and nerve cord, and there is more nervous tissue in the head than in the Annelida.  They have three body regions, which may be combined.  The digestive tract is always of three parts:   foregut, mid gut and hind gut. The foregut and hindgut are of ectoderm derivation while the midgut is derived from mesoderm.  Molting is required as the cuticle is a non-growing part.

The Subphylum: Trilobitomorpha: Class: Trilobita – are an extinct group since the Paleozoic that is studied because they were probably the most primitive of the Arthropoda.  Their body had a central region with a 3-lobed lateral area on either side.  They had a head and trunk and were flattened dorso-ventrally.  Compound eyes were present and one pair of appendages occurred on every segment of the body save the first.  Superficially they bore a close resemblance to the Branchiopoda and also to the Brachyura crabs.  Trilobites were marine organisms and were numerous in the Cambrian and Silurian eras.

SuperClass Myriapoda, Class: Chilopoda includes the centipedes. They are dorso-ventrally flattened.  Their body consists of a head and trunk but there is no thorax nor abdomen.  The head bears one pair of antennae, one pair of mandibles, one pair of maxillipedes with poison glands at the bases and ducts leading to pointed tips (Note:  these are absent in the Diplopoda). There are two pairs of simple eyes called pseudocompound eyes. They have maxillae on the 1st and 2nd segments. The trunk bears uniramous appendages and there are 15 to 175 segments.

SuperClass Myriopoda, Class: Diplopoda includes the millipedes. These are cylindrical animals with a head and trunk that is the same as in the Chilopoda.   The head appendages include antennae, mandibles, one pair of maxillae (instead of 2 pair as in the Chilopoda) and pseudocompound eyes on the head. The trunk has 25-100 or more segments with each segment bearing two pair of appendages.  A fusion occurs between two segments all along the body except on the first trunk segment.  

SuperClass Hexapoda: Class Insecta.  Some authorities have suggested that the Insecta contain more species than all the rest of the Animalia.  Insects are primarily terrestrial and they are spread out to almost every conceivable ecological niche, except the marine environment, which is practically devoid of insect life.  Because of their extreme importance as pests of food crops and as pests and vectors of disease in public health the special disciplines of Entomology and Biological Control have been established.  

2. General Characteristics of Insects. Insecta (from Latin insectum) are hexapod invertebrates and the largest group within the arthropod phylum. Definitions and circumscriptions vary; usually, insects comprise a class within the Arthropoda. As used here, the term Insecta is synonymous with Ectognatha. Insects have a chitinous exoskeleton, a three-part body (head, thorax and abdomen), three pairs of jointed legs, compound eyes and one pair of antennae. Insects are the most diverse group of animals; they include more than a million described species and represent more than half of all known living organisms.] The total number of extant species is estimated at between six and ten million; potentially over 90% of the animal life forms on Earth are insects. Insects may be found in nearly all environments, although only a small number of species reside in the oceans, which are dominated by another arthropod group, crustaceans.

Nearly all insects hatch from eggs. Insect growth is constrained by the inelastic exoskeleton and development involves a series of molts. The immature stages often differ from the adults in structure, habit and habitat, and can include a passive pupal stage in those groups that undergo four-stage metamorphosis (see holometabolism). Insects that undergo three-stage metamorphosis lack a pupal stage and adults develop through a series of nymphal stages. The higher level relationship of the Hexapoda is unclear. Fossilized insects of enormous size have been found from the Paleozoic Era, including giant dragonflies with wingspans of 55 to 70 cm (22–28 in). The most diverse insect groups appear to have coevolved with flowering plants.

Adult insects typically move about by walking, flying, or sometimes swimming. As it allows for rapid yet stable movement, many insects adopt a tripedal gait in which they walk with their legs touching the ground in alternating triangles. Insects are the only invertebrates to have evolved flight. Many insects spend at least part of their lives under water, with larval adaptations that include gills, and some adult insects are aquatic and have adaptations for swimming. Some species, such as water striders, are capable of walking on the surface of water. Insects are mostly solitary, but some, such as certain bees, ants and termites, are social and live in large, well-organized colonies. Some insects, such as earwigs, show maternal care, guarding their eggs and young. Insects can communicate with each other in a variety of ways. Male moths can sense the pheromones of female moths over great distances. Other species communicate with sounds: crickets stridulate, or rub their wings together, to attract a mate and repel other males. Lampyrid beetles communicate with light.

Humans regard certain insects as pests, and attempt to control them using insecticides and a host of other techniques. Some insects damage crops by feeding on sap, leaves, fruits, or wood. Some species are parasitic and may vector diseases. Some insects perform complex ecological roles; blow-flies, for example, help consume carrion but also spread diseases. Insect pollinators are essential to the life cycle of many flowering plant species on which most organisms, including humans, are at least partly dependent; without them, the terrestrial portion of the biosphere would be devastated.[8] Many insects are considered ecologically beneficial as predators and a few provide direct economic benefit. Silkworms and bees have been used extensively by humans for the production of silk and honey, respectively. Insects are consumed as food in 80% of the world's nations, by people in roughly 3000 ethnic groups
Typical characters are a head with one pair of antennae, one pair of mandibles, two pairs of maxillae (the 2nd pair fused into a labium), a labrum, which does not represent a pair of appendages, and usually one pair of compound eyes accompanied by several simple eyes or ocelli.

The thorax consists of three segments:  prothorax, mesothorax and metathorax, which bear the walking legs.

The abdomen has a variable number of segments, with a maximum of 11.  There are few signs of abdominal appendages, with the possible exceptions of  ovipositors and copulatory structures, abdominal structures found on primitive insects and prolegs that occur in the larvae of some groups.

Details of the various morphological parts of representative groups of insects may be found at Insect Morphology.

Respiration. -- Blood does not play a major role in oxygen transfer.  The tracheae perform this function primarily.

Life Cycles. -- An indirect metamorphosis is involved in the majority of insects. The sexes are separate and copulation occurs and the eggs are fertilized internally.

Wings: Insects are either wingless (apterous), winged with two pairs or winged with one pair either fore or aft.  The apterous condition is found in very primitive forms, such as the silverfish or in highly evolved forms such as fleas, chewing and biting lice and bedbugs.

The wings are used to designate two subclasses: Apteragota (wingless) and Pteragota (winged or those that have lost wings).

In the primitive condition of the Pteragota the wing pairs are alike, membranous and possess many cross and longitudinal veins (e.g., dragonflies). In the more advanced forms there may be two equal and transparent wings, or the first pair have developed into a cover, or there is the presence of scales, or one or the other pair of wings is lost or there is a complete loss of wings, which is found mostly among parasitic insects.

Metamorphosis. -- Several kinds of metamorphoses may be found among the Insecta as follows: Ametabolous, Hemimetabolous, Holometabolous

3. The Insect Orders. Ephemeroptera. -- The name meaning "short-lived" is derived from the fact that adults live for a very short time.  The immature stages are called naiads, which are predaceous and long-lived.  A sub imago stage occurs between the naiad and the adult.  

Odonata. -- Included are the dragonflies, damsal flies, snake doctors and darning needles. The immature stage naiads are predaceous and long-lived. Adults are longer-lived than Ephemeroptera and possess a primitive wing venation.  They are also predaceous and able to cause severe bites if annoyed. 

Orthoptera. -- The name means, "straight-winged" and the order includes grasshoppers, katydids, locusts, preying mantids, walking sticks and crickets. They have a gradual or paurometabolous metamorphosis. They have a generalized body plan for insects and thus are widely adapted for laboratory study.  Many species are pests of agricultural crops. 

Isoptera. -- The name means "similar wings" and includes ter-mites. Their food is wood and wood products, and a close relationship has developed with symbiotic flagellates termed obligate symbiosis. The symbionts digest the cellulose in the wood for the termites. They are notorious destructive pests of wooden structures, especially in the tropics. Termites are social insects with casts.  

Hemiptera. -- The "true bugs" include squash bugs, chinch bugs, boxelder bugs, bedbugs, water striders, backswimmers and lightening bugs. They have piercing-sucking mouthparts. Their first wings, or hemelytra, are partially membranous and particularly leathery. Some species are predaceous and others are parasitic on plants and animals.  

Homoptera. -- All species are plant parasites and include the aphids, leafhoppers, mealybugs and spittlebugs.  They are of considerable economic importance because of the attacks on crop plants. Some members such as the leafhoppers are vectors of plant pathogens.

Lepidoptera. -- The butterflies and moths are holometabolous.  The larva is a caterpillar with chewing mouthparts.  The pupa is a chrysalis that is sometimes enclosed in a cocoon.  The adults have wings with scales and sucking mouthparts.  The group is of considerable economic importance from the larvae, which have chewing mouthparts.

Diptera. -- The flies, mosquitoes and midges include many pests of public health importance. Some species are vectors of malaria, elephantiasis and yellow fever. The genus Drosophila has been an important species in the study of genetics.  

Hymenoptera. -- The name suggests, "clear wing," and the group includes bees, wasps, ants and sawflies.  They are of great economic importance both as pests, as in the sawflies, and beneficial as plant pollinators and in biological control.
Coleoptera. -- The name means, "shield wing" and includes the beetles and weevils.  The first pair of wings has developed into a very hardy sclerotized structure or elytra, which covers the 2nd membranous wing pair.

Coleoptera (beetles and weevils) is the largest order in the class Insecta.  As adults, most beetles have a hard, dense exoskeleton that covers and protects most of their body surface.  The front wings, known as elytra, are just as hard as the rest of the exoskeleton.  They fold down over the abdomen and serve as protective covers for the large, membranous hind wings.  At rest, both elytra meet along the middle of the back, forming a straight line that is probably the most distinctive characteristics of the order.  During flight, the elytra are held out to the sides of the body where they provide a certain amount of aerodynamic stability.

Both larvae and adults have strong mandibulate mouthparts.  As a group, they feed on a wide variety of diets, inhabit all terrestrial and fresh-water environments, and exhibit a number of different life styles.  Many species are herbivores -- variously adapted to feed on the roots, stems, leaves, or reproductive structures of their host plants.  Some species live on fungi, others burrow into plant tissues, still others excavate tunnels in wood or under bark.  Many beetles are predators.  They live in the soil or on vegetation and attack a wide variety of invertebrate hosts.  Some beetles are scavengers, feeding primarily on carrion, fecal material, decaying wood, or other dead organic matter.  There are even a few parasitic beetles -- some are internal parasites of other insects, some invade the nests of ants or termites, and some are external parasites of mammals.
Physical Features (Figure 10).
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Figure 10 . Body form of beetles and larvae
Immatures:

Head well-developed with ocelli and chewing mouthparts.

Three pairs of thoracic legs; no abdominal prolegs

Body form:

Campodeiform -- Slender, active crawlers

Scarabaeiform -- Grub-like, fleshy, c-shaped body

Elateriform -- Wireworms; elongate, cylindrical, with a hard exoskeleton and tiny legs 

Adults:

Chewing mouthparts (sometimes located at the tip of a beak or snout)

Front wings (elytra) are hard and serve as covers for the hind wings; meet in a line down the middle of the back

Hind wings large, membranous, folded beneath the elytra

Tarsi 2- to 5-segmented
Economic Importance. Many beetles are regarded as major pests of agricultural plants and stored products.  They attack all parts of living plants as well as processed fibers, grains, and wood products.  Scavengers and wood boring beetles are useful as decomposers and recyclers of organic nutrients.  Predatory species, such as lady beetles, are important biological control agents of aphids and scale insects.
Bug Bytes. Coleoptera is the largest order in the animal kingdom.  It includes 40% of all insects and nearly 30% of all animal species.

The smallest beetle is the fringed ant beetle, Nanosella fungi (family Ptiliidae).  At 0.25 mm in length it is some 16 million times smaller in volume than the largest beetle, Goliathus giganteus (family Scarabaeidae), which may have a body length up to 10 cm.

Ancient Egyptians believed that a scarab beetle rolled the sun across the sky each day.  The scarab icon became associated with Ra, the sun god, and scarab beetles, Scarabaeus sacer, were worshiped as a symbol of immortality.

Over 1000 beetle species are known to live as predators, parasites or commensals in the nests of ants.  They gain entrance to the nest by mimicking the odor and behavior of the ants. Males of many stag beetles (family Lucanidae) and scarab beetles (family Scarabaeidae) have enlarged mandibles or protruding horns which are used in courtship and in ritualized fights with other males.

The Spanish fly, Lytta vesicatoria (family Meloidae), is a source of cantharadin.  This chemical, once thought to be an aphrodesiac, is now used as a mating stimulant when breeding cattle and in the treatment of certain urogenital diseases.
Basic literature on Invertebrates Zoology

1. Burukovsky R.N. Zoology of invertebrates. Part 1,2,3. - Kaliningrad, 1999. - 164 p.

2. Barnes R., Kejloy P., Olive P., Golding, D. Invertebrates: new generalized approach. M., Mir,1992. 584 p.

3. Sharova I.C. Invertebrate Zoology. M 1999. 592 p.

Further literature on Invertebrates Zoology

1. Zelikman A.L. Workshop on invertebrate Zoology. M. 1965. 332 p.

2. Course of Zoology. Vol.1, Invertebrate Zoology, Ed. Matveeva B.S., M, 1992.

Theme of lecture 7
Phylum: Echinodermata

Plan:
1.Characteristics of the Echinodermata

2. Class Asteriodea
3. Class Echinoidea

4. Class Ophiuroidea
5. Class Holothuroidea

1. Characteristics of the Echinodermata. Echinodermata derives from the sane "spiny skin" and includes such organisms as starfish and brittle stars. Parts of the skeleton project through the body wall.  These organisms that are found only in the marine environment possess radial symmetry where the rays occur in five or multiples of five. This contrasts to Ctenophora and Cnidaria where there are 4, 6 or 8 rays. The endoskeleton is calcareous and is derived from the mesoderm. A true coelom is present. There is a water vascular system called the "Ambulacral System." This is a system of tubes containing mostly water. And is modified toward a closed syncytium. It operates the tube feet.

These organisms are interesting for being quite different from all other animal phyla, and their origin is obscure. They have the calcareous endoskeleton and water vascular system. All members have bilateral larvae that arose from some bilateral ancestor.  The radial symmetry is advantageous to a sessile animal. They also have a close relationship to the Chordata, which is evidenced by the calcareous skeleton, an embryonic development that includes a blastula and gastrula, and considerable biochemical evidence.

Synapomorphies of the Echinodermata

Echinoderms are among the most distinctive of all animal phyla. Inclusion in the phylum is readily diagnosable on basis of the four synapomorphies below. Most of these features are present, or can be inferred, even in the earliest fossils. Together, these synapomorphies define much of what makes the functional biology of echinoderms distinctive from that of other metazoans.

Calcitic skeleton composed of many ossicles.

The biomineral matrix of echinoderm skeletons is composed of calcium carbonate and several proteins. The calcite is deposited as numerous tiny crystals, but all of them lie on the same crystal axis within an ossicle. For this reason, ossicles are birefringent under polarizing light. Ossicles are not solid, but have a sponge-like microstructure called stereom that is unique to the phylum. Embryologically, echinoderm ossicles are a true endoskeleton, since they are produced by mesenchymal cells and are usually covered by epidermis. Functionally, however, the majority of ossicles act more like an exoskeleton, lying just under the epidermis and enclosing most other tissues in a flexible but tough covering.

Water vascular system.

The water vascular system performs many important functions in echinoderms, including locomotion, respiration, and feeding; in addition, most sensory neurons are located at the termini of podia (tubefeet) which are part of this organ system. The water vascular system may have evolved from simple tentacular systems similar to those in other deuterostome phyla, such as the tentacles of pterobranch hemichordates. However, there are many derived features of the water vascular system in echinoderms, including: an embryological origin from left mesocoel, podia arranged along branches (ambulacra), and a central circumesophageal ring.

Mutable collagenous tissue.

The ossicles of echinoderms are connected by ligaments composed predominantly of collagen. The material properties of this connective tissue are mutable on short timescales, under neuronal control. Ligaments are normally "locked" (rigid), but can be temporarily "unlocked" (loosened). This provides some interesting mechanical advantages, including the ability to maintain a variety of postures with no muscular effort. In holothuroids, which contain only microscopic ossicles, the entire body wall contains mutable collagenous tissue.

Pentaradial body organization in adults.

The adults of all extant echinoderms are radially symmetrical. A superficial bilateral organization has evolved twice, in irregular echinoids and holothuroids, but is based on an underlying five-fold organization of skeleton and most organ systems, and is clearly secondary. Higher order radial symmetry (e.g., seven-fold or nine-fold) has evolved on several occasions, and is also clearly a secondary modification. The evolutionary origins of five-fold symmetry remain obscure. Some early Paleozoic echinoderms are not radially symmetrical (e.g., carpoids and helicoplacoids), while a possible echinoderm from the Vendian (Arkarua) has five-fold radial body organization.

Plesiomorphies and other features

Marine habit.

All extant echinoderms live in the ocean, and there is no fossil evidence of any exception to this. Within the marine realm, echinoderms occupy nearly all habitats, where they often constitute a major proportion of the biomass.

Pelago-benthic life cycle.

With rare exception, echinoderms are gonochoric (separate sexes) with no overt sexual dimorphism. Fertilization is almost always external. Ancestrally (and still, typically), the life cycle is complex, with a free-living larva that is planktotrophic (grazes on unicellular algae). Larvae are plesiomorphically bilaterally symmetrical, have a recurved gut and transparent ectoderm, and feed by upstream particle capture using the ciliated band. Metamorphosis is typically radical and occurs during settlement onto the benthos.

Coelomate.

Echinoderms form their coeloms as outpocketings from the archenteron (embryonic gut), a process called enterocoely. In most species, the coeloms are trimerous, and initially bilaterally symmetrical. The fates of the various coelomic compartments vary among echinoderms, but some features seem broadly similar and may reflect a common evolutionary origin deep within the phylum: left mesocoel gives rise to most or all of the water vascular system, and one or both somatocoels form the lining of the body cavity.

Deuterostome.

Like some related phyla, the blastopore (site where gastrulation begins) in echinoderm embryos becomes the larval anus; the larval mouth is a secondary opening. In some extant forms, the larval mouth is preserved as the adult mouth, while in others the entire digestive system is re-plumbed during metamorphosis and a new mouth and anus form.

Simple hemal/excretory system.

The hemal and excretory systems of echinoderms are linked into what Nielsen (1996) calls the "axial complex". This organ system shows similarities, and may be homologous, to those of other deuterostome phyla. In echinoderms, it is composed of: a thickened vessel (the "heart") lacking an endothelium and surrounded by a pericardium; a region where ultrafiltration occurs via podocytes; a closed circulatory system; and an opening to the external environment called the madreporite.

Decentralized nervous system.

The arrangment of the central nervous sytem of echinoderms is quite different from that in other deuterostomes. Radial nerves run under each of the ambulacra, and contain the cell bodies of almost all motor neurons and interneurons. A central nerve ring surrounds the gut, and is composed primarily of fiber tracks connecting the radial nerves. No known echinoderm contains anything that could be called a brain, although ganglia are present along the radial nerves in some echinoderms. Unlike most bilaterian phyla, echinoderms lack any trace of cephalization, and have no specialized sense organs. Sensory neurons are located primarily within the ectoderm of podia, and send axons to the radial nerves.

2. The Class Asteriodea includes the starfish.  There is great uni-formity in appearance among the various members.  They consist of a central disc with five or multiples of five radiating arms and no sharp demarcation.  The anus is not set off sharply from the disc and the coelom extends out into the arms.  Tube feet are for locomotion and one stomach is eversible.

A type genus is Asterias, which is found off the east coast of North America.  Most species live offshore in shallow water among the rocks or any relatively hard substrate. However, some genera do live in deep water or in mud.
Starfish or sea stars are star-shaped echinoderms belonging to the class Asteroidea. Common usage frequently finds these names being also applied to ophiuroids, which are correctly referred to as brittle stars or "basket stars". About 1,500 species of starfish occur on the seabed in all the world's oceans, from the tropics to frigid polar waters. They are found from the intertidal zone down to abyssal depths, 6,000 m (20,000 ft) below the surface.

Starfish are marine invertebrates. They typically have a central disc and five arms, though some species have a larger number of arms. The aboral or upper surface may be smooth, granular or spiny, and is covered with overlapping plates. Many species are brightly coloured in various shades of red or orange, while others are blue, grey or brown. Starfish have tube feet operated by a hydraulic system and a mouth at the centre of the oral or lower surface. They are opportunistic feeders and are mostly predators on benthic invertebrates. Several species have specialized feeding behaviours including eversion of their stomachs and suspension feeding. They have complex life cycles and can reproduce both sexually and asexually. Most can regenerate damaged parts or lost arms and they can shed arms as a means of defence. The Asteroidea occupy several significant ecological roles. Starfish, such as the ochre sea star (Pisaster ochraceus) and the reef sea star (Stichaster australis), have become widely known as examples of the keystone species concept in ecology. The tropical crown-of-thorns starfish (Acanthaster planci) is a voracious predator of coral throughout the Indo-Pacific region, and the northern Pacific sea star is considered to be one of the world's 100 worst invasive species.

The fossil record for starfish is ancient, dating back to the Ordovician around 450 million years ago, but it is rather sparse, as starfish tend to disintegrate after death. Only the ossicles and spines of the animal are likely to be preserved, making remains hard to locate. With their appealing symmetrical shape, starfish have played a part in literature, legend, design and popular culture. They are sometimes collected as curios, used in design or as logos, and in some cultures, despite possible toxicity, they are eaten.

3. The Class Echinoidea includes the sea urchins and sand dollars. Type Genera are Strongylocentrotus and Arbacia.  Ossicles are fused to form a rigid test.  Aristotle's Lantern is present (Figure 11.).  Pedicellariae are 3-jawed stalked and sub ocular shaped and variously flattened.  A Pluteus larva is present. Habitat.-- Being offshore to 100 fathoms on hard or rocky substrates, this is similar to the starfish.
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Figure 11. Sceletal morphology of sand dollars
Economic Importance.-- The group has academic interest and the gonads are consumed as a delicious and nutritious human food, often served cold and with lemon as in Chile and other countries.
Sand dollars belong to a group known as the Clypeasteroida. There are some 75 genera of sand dollars, 29 living and 49 fossil (following Mooi 1989) with quite a few species.

Most sand dollars live in tropical shallow-water places (e.g., Africa, Singapore, Indonesia, the Bahamas, etc) but a few do live in cold to temperate waters (e.g., Dendraster excentricus on the west coast of North America)

Sand dollars are NOT shells. Proper shells are deposited by organisms (such as mollusks) and are external to an animal's body.

And while we're discussing this, please note that sand dollars have ENDOSKELETONS rather than exoskeletons. That is to say, they are covered by skin and are considered "inside" the animal's body. A Sand dollar skeleton is known as a TEST.
The "Regular" urchin or ancestor:

1. Grazes on algae or other items. Many live out in the open. Several species live on reefs or on kelp beds.

2. Test (the body) is round, globose and pentameral (that is -radial in 5 directions)

3. Spines are elongate.

4. The Aristotle's Lantern is larger and generally, is used to graze off bottoms

BUT if you compare the SAME features in Sand dollars and other "Irregular" urchins...

1. Lives on sandy or other bottoms with lots of sediments or mud.

2. Test is often flattened, and bilaterally symmetrical

3. Spines are shorted and appear "fuzzy" on the surface

4. The Aristotle's Lantern is flattened and specialized for grinding sand.

Remember that the above differences are morphological ADAPTATIONS that are specifically tied to living and digging through the sandy, bottom habitat.

The spines and Aristotle's Lantern see clear modification for a specific lifestyle... In many ways, this is a beautiful example of how morphology has changed as adaptation to a specific life mode.

Sand dollars have many NEAT adaptations to living on sandy bottoms.

For example, this one and this one are used to keep it from getting washed away
4. The Class Ophiuroidea or brittle stars and basket stars are similar in shape to starfish except that their whole body appears more star shaped. This is because their arms are sharply marked off from the main disc and supported by a long series of ossicles (= vertebrae) for muscle attachment. The digestive tract is limited to the disc region.  The coelom is practically limited to the disc region also. They do not contain caeca of the alimentary canal.  The madreporite is on the oral side and the ambulacral groove is covered. The size is small to moderate save for basket stars that have arms branched of subdivided.

Their tube feet do not possess suckers and there are no pedicellariae. These animals do not move by means of tube feet but rather by pushing and pulling on surrounding objects with their arms.  To accomplish the arms are sharply distinct from and freely movable on the main disc.  They are armored with skeletal plates.  The epidermis is vestigial but there is a strong cuticle.  Spines occur on the side plates that allow for a grip.  The ambulacral ossicles of each pair fuse to form a series of vertebrae that articulate by an arrangement of knobs and sockets and can be moved in various directions by four muscles. The vertebrae reduce the perivisceral cavity in the arm to a canal in which there is no room for caeca of the alimentary canal.  The nerve cord has ganglia that correspond to the muscles between the vertebrae. The tube feet have no suckers and no ampullae and are usually provid-ed with warts of sense cells. The alimentary canal is reduced to a simple bag that cannot be protruded through the mouth.  The mouth is armed with spines that serve as teeth. As in the Echinoidea there is a Pluteus larva. No economic importance is attached to this group.

5. The Class Holothuroidea are the sea cucumbers. They have a reduced skeleton, which consists of tiny ossicles imbedded in a heavy body wall.  The body is elongated along the oral-aboral axis (anterior & posterior ends). There is a tendency to return to bilateral symmetry. The dorsal and ventral sides are flattened, and the tube feet are relatively large. Habitat.-- These animals lie on the bottom of the marine environment or they are buried in sand with their tentacles and anus exposed. Economic Importance.-- In some parts of the Orient the dried body wall is consumed as food, which is called Tripang or Leche-de-mer. 

The Class Crinoidea includes the sea lilies and stone lilies.  They are a remnant of a very large group of Echinodermata that are mostly represented by fossils.  Most of their life is spent in attachment by a stalk consisting of a group of ossicles.  They have pinnately branched tentacles and skeletal ossicles make up support of the branched arms.  The calyx, or disc of other Echinodermata, is the site of most internal organs. Tube feet are not locomotory but serve as sensory structures.  The madreporite is and water combines with the coelomic fluid in the water vascular system via a series of holes.  In some ways these animals are considered to be very primitive whereas in others they are advanced. Habits.-- Some Crinoidea remain sessile throughout their life but in others movement is accomplished by alternate beating of the arms. The sessile stage develops more extensively.
Habitat and size: The class Flolothuroidea has approximately 1.500 species. They are commonly called sea cucumbers. Most adults range in length between 10 and 30 cm. Sea cucumbers are found at all depths in all oceans. They crawl over hard substrates or burrow through soft substrates.

2. Body plan: Sea cucumbers have no arms. Their body is elongated along the oral­aboral axis. They lie on one side. They have flattened permanent ventral side. Therefore. a secondary bilateral symmetry is developed in them.

3. Tentacles: Tube feet surrounding the mouth are elongated. These tube feet are called tentacles (Figure 12).

4. Body wall: Their body wall is thick and muscular. It lacks protruding spines or pedicellariae. Beneath the epidermis is the dermis. It is a thick layer of connective tissue. The ossicles are embedded in it. The ossicles of sea cucumber are microscopic. The ossicles are not involved in the determination of their shape. Larger ossicles form a calcareous ring. This ring encircles the oral end of the digestive tract. This ring acts a point o attachment for body wall muscles. There is a layer of circular muscles beneath the dell is. Longitudinal muscles are present below the circular muscles. The boiled and dried body wall of sea cucumbers is called trepang in Asian countries. It is eaten or it is added to soups for flavour and source of protein.
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Figure 12. Internal anatomy of Sea cucumber
5. Water canal system: The madreporite of sea cucumber is internal. The water-vascular systei is tilled with coelomic fluid, the ring canal encircles the oral end of the digestive tract. t gives rise to one to ten Pollan vesicles. Five radial canals and the canals for tentae s arise from the ring canal. Radial canals and tubelet. With suction cups and ampulae run between the oral and aboral poles. The side of a sea cucumber resting on the st substrate contains three rows of tube feet. These tube feet are primarily used for attachment. The two rows of tube feet on the upper surface may be reduced in size or may be absent.

6. Locomotion: Sea cucumbers are mostly sluggish burrowers and creepers. Some sea cucumbers swim by undulation of their bodies from side to side. The tube led are six t attached to body wall ossieles. Therefore. locomotion by tube feet is inefficient. Common locomotion take place by the contractions of bodv wall muscles. It produces worm like locomotory waves. These waves pass along the length of the body.

Nutrition

1. Ingestion: Most sea cucumbers ingest broken organic matter with the help or their tentacles. Mucus covers the tentacles. When tentacles move through substrate, the mucous u Lips the food particles.

2. Digestion: The digestive tract consists of it stomach, a long, looped intestine, a rectum and an anus. Sea cucumbers push tentacles into the mouth. It pushes the food inward. The coelomoeytes move across the intestinal wall. They secrete enzymes for digestion.
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