MOLLUSCA

What are the characteristics of bivalves in general?

Class Bivalvia, or Pelecypoda ("hatchet foot"), includes some 20,000 living and 15,000 extinct species of mollusks having two lateral shell valves, left and right, which are hinged together dorsally (Fig. 13.7a). The foot is typically bladelike, adapted for burrowing, and operated by muscles that work against the hydrostatic pressure of blood within the hemocoel, although some species do not burrow, but live attached to a surface or even are occasionally free-swinuning.  'Me posterior mantle edges arc modified into inhalant and exhalant siphons that can constrict or dilate to allow the ciliated gills to maintain a flow of water through the mantle cavity.  The siphons may be long and tubular in some burrowing forms and may even be fused into a single pipelikc structure, miscalled a "neck," since it protrudes from the clam's posterior end.  Most bivalves are filter feeders, trapping small particles in mucus on the gills.  Carried along ciliated grooves toward the mouth, the particles are sorted by flaplike labial palps, which reject some particles and direct others into the mouth (Fig. 13.7b). Bivalves arc essentially headless, and cephalic eyes and a radula are lacking.  However, the mantle edges may bear numerous tentacles containing tactile and chemical receptors and eyes that are usually simple pigmentspot ocelli, although in free-swimming scallops the eyes are remarkably complex and can probably resolve images rather well.  A sensory patch in the lining of the exhalant mantle chamber is called an osphradium, although its position is poorly situated for detecting silt or other material about to be inhaled; unlikely to be the same as the osphradium of other mollusks, the function of this organ remains obscure.

Most bivalves are called lamellibranchs because they have platelike gills (Fig. 13.7c) composed of longitudinally arranged layers of W-shaped gill filaments.  The lamellibranch stomach possesses a long style sac containing a crystalline style composed of solidified mucus and enzymes.  As the style is rotated by the ciliated lining of the style sac, it reels in a food-laden mucous cord and the free end of the style, which projects. into the stomach, is wom away by a chitinous gastric shield, liberating digestive enzymes; the style continues to grow from the base of the style sac (Fig. 13.8). The stomach contains a ciliated sorting area, where larger particles are directed toward the long, coiled intestine, while finer particles are diverted into the numerous openings of the digestive gland, in which their breakdown is completed intracellularly.

The dorsally located heart (see Fig. 13.7b) receives blood from the, gills and pumps it out into an anterior, and sometimes also a posterior, aorta.  The ventricle is unusual in being folded around the posterior part of the intestine (rectum), which passes right through the pericardial cavity.  Most bivalves have no respiratory pigment in their blood.  The single pair of metanephridia open into the pericardial coelom; each is complexly glandular at its proximal end and distally is expanded into a bladder that opens by way of a nephridiopore at the anterior end of the mantle cavity.

The nervous system includes a pair of cerebropleural ganglia interconnected around the esophagus and one Dair each of pedal and visceral ganglia.  In addition to the sensory equipment mentioned above, many bivalves have a gravitysensing statocyst embedded in the foot.

Most bival@es are dioecious, with the gametes being shed from the large paired gonads into the mantle cavity above the gills (i.e., the suprabranchial cavity), where they are expelled with the exhalant current; however, some species brood their eggs in the suprabranchial cavity or within the gills.  Hermaphroditic species may be protandrous or may produce eggs or sperm in reversible alternation.  The embryos of marine species develop through trochophore and veliger stages, but freshwater species instead produce glochidium larvae (Fig. 13.9), which are parasitic on the gills or other body parts of fishes until old enough to resist being swept downstream.  The freshwater mussel broods her eggs to larval status in her mantle cavity.  Some species retain the glochidia until a fish comes close enough to inhale the larvae, which are then forcibly expelled near the fish's mouth.  This event is facilitated in certain species by elaboration of the mantle edge into a fishlike shape that may function as a lure.  The glochidium anchors itself securely to the fish by means of a harpoonlike byssus thread (a long, tough filament) and a pair of hooked valves that close like tongs.

What are the characteristics of cephalopods?

Class Cephalopoda ("head foot") comprises about 650 living and 7500 vanished species, including nautiloids, ammonites, octopods, squids, and cuttlefish (Fig. 13. 10).  These represent the most highly mobile and advanced mollusks, although they are restricted to the sea and since the Mesozoic have declined greatly in total number of surviving species.  They include the most massive of all invertebrates, the giant squid (Architeuthis), one specimen of which measured 16 m in total length, including the tentacles.  Sperm whales, which look upon giant squid as a delicacy, sometimes bear scars some 25 cm in diameter, inflicted by chitinous claws on the tentacle suckers of their formidable prey.  The cephalopod mouth is ringed with tentacles that number 8 in octopods, 10 in squid and cuttlefish, and more than 90 in contemporary nautiloids (Fig. 13. 10b).  The mouth is armed with both a radula and a pair of chitinous jaws, rather like a parrot's beak.  The saliva is more or less venomous, though few species are harmful to humans.  The eyes arc large, and through parallel evolution and convergence, those of octopods, squid, and cuttlefish have come to closely resemble the structure of vertebrate eyes, even to the extent of being able to adjust the pupillary orifice and change focal length.

Although octopuses can creep upon their highly muscular tentacles, all cephalopods swim by jet propulsion.  The muscular mantle forces water out of the mantle cavity through a siphon or funnel that can be bent in various directions to allow the animal to jet forward, backward, or vertically or to turn to the side, although backward movement, with tentacles trailing, is most rapid.  The body of a cuttlefish or squid is elongated along its original dorsoventral axis, so that the former ventral region, with foot transformed into tentacles and siphon, now becomes the functional anterior end, while the former dorsal aspect becomes the functional posterior end, which may confuse us but does not in the least disorient the speedy cephalopods!

All ccphalopods are predaceous.  Benthonic species such as octopuses and cuttlefish prey mainly on crabs and shrimp, while pelagic squid are capable of catching even rapidly swimming fish, such as young mackerel.  The prey, seized with the tentacles, is bitten and tom by the powerful beak and swallowed with the aid of the radula, which works in a tonguelike manner.  However, octopuses are known also to use the radula to drill through the shells of gastropods as large as abalone, injecting through the drill hole a venomous saliva that paralyzes the shellfish so that it releases its hold on the substratum and can be flipped over and the flesh ripped out with the beak.  The head also encloses a brain, which is larger and more highly developed than that of any other invertebrate.  All the characteristic molluscan ganglia have been cephalized and fused together to form a brain with millions of nerve cells; one brain lobe is dedicated entirely to bringing about rapid color changes by contractions of the radial muscles that expand elastic pigment sacs (chromatophores), which are abundant in the integument.  Additional ganglia occur in the gills and control the mantle musculature.  A cartilaginous "skull" protects the brain and anchors the jaws and siphon.  Octopuses have no other skeleton, but squids have an internal, horny pen; cuttlefish, the buoyant cuttlebone; and nautiloids and ammonites, an external shell, usually planicoiled, divided by septa into gas-filled chambers providing buoyancy.  The only surviving genus of cephalopods with external shells is Nautilus [see Question 13.19(a)]. The small deep-sea Spirula, while related to cuttlefish instead of Nautilus, contains a planicoiled, chambered internal shell that serves for buoyancy regulation.

The internal structure of a squid, typical of cephalopods, is depicted in Fig. 13. 10c.  The digestive tract is Y-shaped, with a large cecum occupying the apex of the Y and both mouth and anus being located anteriorly.  Digestion is extracellular within stomach and cecum and relies on enzymes secreted into the stomach by a "pancreas" and "liver." Absorption takes place through the lining of the cecum, which is elaborated into spiral, ciliated folds that sort out indigestible particles and conduct them back into the intestine, which terminates at an anus that opens into the mantle cavity close to the siphon.  In most cephalopods an ink gland opens into the rectum; controlled amounts of ink are expelled defensively, either in blinding clouds or in small puffs that seem to distract predators.

Cephalopods are the only mollusks that have a closed circulatory system and three hearts.  The median systemic heart pumps blood throughout the body by way of arteries into capillary beds, from which systemic veins deliver the deoxygenated blood to a pair of lateral bronchial hearts, one located at the base of each gill.  The bronchial hearts pump the blood through the gill capillaries, and efferent bronchial vessels then return the blood, now oxygenated, to the systemic heart.  The respiratory pigment, hemocyanin, occurs in the blood plasma.  The branchial hearts are also responsible for waste disposal by elevating blood pressure so that a plasma filtrate is forced out of the bloodstream either into the large renal sacs of the single pair of metanephridia or into the peficardial cavity itself, which drains to the metanephridia by a pair of renopericardial ducts.  The nephridiopores open into the mantle cavity close to the gills.  Cephalopod gills are unciliated and cannot set up a water current; instead, breathing is accomplished by the muscles of the mantle.  During inhalation, water is drawn in all around the mantle edge; when the animal is not swimming, the water is exhaled by the same route, but during swimming the mantle edge is snugged against a collar so that all exhaled water must pass out through the siphon, furnishing propulsion.

Most cephalopods are dioecious, and mating is preceded by courtship.  No penis is present.  Instead, 5perm are packaged into hardened bundles (spermatophores) and stored in a large reservoir.  During mating, the male reaches the tip of one modified (hectocotylized) tentacle into the reservoir, wraps it around several spermatophores, and then inserts these under the edge of the female's mantle or directly into her genital duct.  The eggs contain much more yolk than those of any other mollusk, sustaining the embryo until it develops into a miniature adult a few millimeters long.  At least some cephalopods die after mating for the first time.

Example 2: Female Octopus vulgaris lay only one batch of eggs, guard them until hatching, and then die.  Certain squid species aggregate by the millions; when they have mated and the females have anchored the egg capsules securely to a substratum, all breeding adults of both sexes die.  As a result of this pattern of programmed demise, few cephalopods may live longer than I to 4 years, which seems a pity since captive octopuses, at least, show considerable leaming ability in two-choice operant conditioning tests involving discrimination of shapes and colors and have even been reported to solve detour problems requiring the animal to pull the cork from a long-necked bottle to reach the crab within.  The very size that giant squid attain would seem to indicate considerably greater longevity for these huge animals.

