MOLLUSCA

What are the major characteristics of the molluscan classes?
       Although some contemporary mollusks seem to have remained in a relatively primitive condition since the early Cambrian, an impressive degree of diversification can be seen to exist, not only among the eight molluscan classes, but also within the three most advanced of these. The eight classes and their major characteristics are discussed in question 13.8-13.15.

What are the caudofoveates?

Class Caudofoveata ("tail-little pit") includes some 70 species of marine, wormlike, burrowing forms from 2-140 mm long, lacking head, shcll, and nephridia and having the foot reduced to a small oral pedal shield near the anterior mouth.  A radula is usually present. used in feeding on detritus and microorganisms.  The mantle is covered only with a chitinous cuticle and calcareous scales, and the mantle cavity is located posteriorly, enclosing a pair of gills.  Caudofoveates are dioecious, but little is known of their reproductive habits.

What are the solenogasters?

Class Solenogastres ("tube stomach") includes about 180 species of wormlike marine mollusks, usually under 5 cm long, that have only a narrow, midventral, longitudinal pedal groove on which they creep over corals and hvdroids, upon which they prey.  They lack a shell, having only calcareous spicules embedded in the integument.  The head is poorly developed, and a radula is usually absent.  Nephridia and gills are also lacking.  They are hermaphroditic and probably copulate, though mating has not yet been observed.

What are the monoplacophorans?

Class Monoplacophora ("one-plate bearer") is represented today by only about 10 species ranging from 3-300 mm long.  These apparently are the descendants of a group that disappeared from the fossil record in the Devonian, when monoplacophorans seem to have abandoned the continental shelf for the deep-sea basins, where they survived to the present at depths of 2-7 km, in both the south Atlantic and east Pacific.  The shell is single and cap-shaped or is in the form of a low cone and, in both modern and fossil species, is distinguishable from any gastropod shell by the presence of from three to eight muscle attachment scars, where a gastropod would have only one.  Neopilina, which first turned up in a dredge haul in 1952, shows an interesting degree of bodily metamerism, having 8 pairs of pedal retractor muscles, 10 pairs of pedal nerves off a ladder-type nervous system with 10 commissures, 5 lateral pairs of gills, and 6 pairs of imtanephridia (Fig. 13.4a). The mouth, which is anterior to the broad, flat foot, is flanked by a flaplike velum and postoral tentacles, and a radula is present.  The heart is unique, being divided into two auricles and two ventricles.  Each of the four gonads attaches by way of a gonoduct to one of the metanephridia.  Monoplacophorans are dioecious, but nothing yet is known of their reproduction and development.

What are chitons?

Class Polyplacophora ("many-plate bearer") includes mollusks with eight overlapping shell plates that allow them to confoffn snugly to irregular rock surfaces, to which many cling with their broad, creeping foot, even against powerful surf, although others hide beneath rocks or live subtidally.  These are the chitons, which comprise some 600 living and 350 fossil species ranging from 2-30 cm in length (Fig. 13.4b) ' Most chitons are instantly recognizable by their armadillolike shell, but in some species the valves are mostly or totally covered by the fleshy mantle.  The mantle of all chitons extends beyond the plates as a girdle, which helps the animal resist being pried loose; the chiton clamps down tightly against the substratum and then raises the inner margin of the mantle, creating a vacuum between girdle and foot.  The shell plates are penetrated by large numbers of minute canals terminating at the surface in microscopic secretary and sensory organs known as aesthetes, which are unique to chitons.  More than 1000 aesthetes may occur per square millimeter of shell.  Some aesthetes have a lens and a group of photoreceptive cells serving as light detectors, for chitons have poorly developed heads and lack cephalic eyes.

The mouth is located ventrally, just in front of the foot, and is armed with a radula used in scraping the film of algae and other small organisms off the surface of rocks, as well as sometimes excavating a depression in the rock that precisely fits the shape of the chiton and to which it homes after foraging.  Homing is assisted by a magnetic sense dependent on the presence of magnetite, which caps some of the radular teeth.  Chitons have a unique sensory device, the subradula sac, which is protruded from the mouth and pressed against the substratum before feeding commences, seemingly testing for the presence of edibles before the radula itself is protruded.  The dilated stomach lacks a style sac but receives the ducts of a large gland that secretes digestive enzymes.  Digestion is almost entirely extracellular-in the stomach, channels of the digestive gland, and intestine.  The lengthy, looped intestine terminates at a posterior anus.

The large pericardial cavity, a coelomic remnant located dorsally beneath the two posterior shell plates, contains a heart with two auricles that receive blood from the gills, which hang down from the roof of the mantle cavity along most of its length.  The ventricle pumps the blood into a single, anterior aorta.  A single pair of metanephridia, which are tubular instead of saccular, opens into the pericardial coelom and voids urine through nephridiopores in the posterior part of the mantle cavity.  The nervous system is primitive, lacking the paired ganglia characteristic of most mollusks, and consists mainly of a circumesophageil nerve ring that gives off nerves to the buccal cavity and two pairs of longitudinal cords: a ventral pair innervating the foot and a lateral palliovisceral pair serving the mantle and internal organs.

Sexes are separate in most chitons, with a single median gonad that gives off gametes by way of special gonoducts separate from the nephridia.  Sperm are released into the sea, as are eggs also in some species, but in others the eggs are fertilized and brooded in the mantle cavity.  The trochophore larva develops directly into the adult form, without an intervening veliger stage, suggesting that chitons are closer to the ancestral state than those molluscan groups in which the trochophore becomes a veliger larva.

What are the characteristics of scaphopods?

Class Scaphopoda ("boat foot")--known as tusk shells from their single tapering shell, which is open at both endsincludes about 350 species of marine mollusks with a shell length of 4 mm to 15 cm.  They buffow nearly vertically in mud or sand, at depths of 6 m to over 1800 m, leaving the narrow posterior end exposed for breathing.  The reduced head and conical digging foot protrude from the buried anterior end of the shell, along with a large number of threadlike adhesive tentacles (captacula), which are unique to scaphopods (Fig. 13.5). Captacular cilia direct small particles to the mouth, but prey is caught by the adhesive tentacle tips and brought to the mouth by contraction of the captacula.  The well-developed radula bears large, flattened teeth that crush and help ingest the prey.  The stomach lacks a style sac, but a large digestive gland is present.  Digestion is extracellular.  The anus opens about midway along the mantle cavity, which tuns the length of the shell.  A single pair of metanephridia opens near the anus.  Gills are absent, and gas exchange takes place through the mantle surface.  The posterior shell opening serves for both inhalation and exhalation.  Inhalation is by ciliary action and takes about 10 minutes, after which a violent exhalation (which also blows away silt) is accomplished muscularly, by foot retraction.  A heart is lacking, and the circulatory system is reduced to blood sinuses.  The nervous system possesses the typical molluscan pairs of cerebral, pedal, visceral, and pleural ganglia.  Eyes and osphradia are absent.

Scaphopods are dioecious, and the single gonad opens by way of the right metanephri'dium.  Eggs are fertilized intemally and develop into trochophore and then veliger larvae, which are bilaterally symmetrical, as in bivalves, rather than twisted asymmetrically, as in gastropods.  This symmetry, together with aspects of veliger metamorphosis, suggests that scaphopods and bivalves arose from the same branch of molluscan evolution.

What are the characteristics of gastropods as a whole?

Class Gastropoda ("stomach foot"), the most successful molluscan class, contains about 35,000 living and 15,000 fossil species, including marine, freshwater, and terrestrial species of one-shelled snails and shell-less slugs (Fig. 13.6a). Although basically bilaterally symmetrical, the gastropod body is typically both twisted by torsion that occurs during larval development and elongated and coiled in conformity with its single, coiled shell that ordinarily has only one aperture (Fig. 13.6b). The foot is large and flat for creeping, and the head is well developed, with eyes, sensory tentacles, and a radula that may be variously adapted for scraping, drilling, or piercing.  The stomach typically has a style sac and also receives the ducts of a large digestive gland that functions in extracellular or intracellular digestion, or both, depending on the species.  As a result of torsion, the heart has only one auricle, and usually only one nephridium and one gill are present.  When gills are absent, the mantle cavity functions as a lung.  Most gastropods have a sensory osphradium near the inhalant mantle opening.

Both monoecious and dioecious species occur.  Although primitive gastropods shed their gametes into the water for external fertilization, in most species copulation and insemination take place, often preceded by courtship, and eggs are laid in protective capsules.  Freshwater snails frequently brood their young within the oviduct.  Marine gastropods have a trochophore stage that is often passed within the egg capsule, from which the young then emerge as free-swimming veligers.  Torsion takes place quite abruptly, during the veliger stage, by uneven growth of the left and right muscles that attach the head-foot complex to the shell (see Fig. 13.2). This twists the internal organs through at least 180 degrees, allowing the head and velum to be withdrawn into the developing shell and the anus and gills to move anteriorly, to the shell aperture.  Coiling is a separate phenomenon, which takes place only gradually, as the postiarval gastropod adds whorls to its shell and the body lengthens, like a conically tapering worm extending from shell apex to aperture.  Coiling may be in one plane (planospiral, the more primitive type) or in two planes (conispiral), in which event the shell may taper conically (as in augers), or have a single large body whorl and depressed apex (as in Helix, the garden snail), or be intermediate between these extremes.

