ARTHROPODA

What are the subdivisions of phylum Arthropoda?

Subphylum Trilobitomorpha: Extinct trilobites, with body divided by longitudinal furrows into three lobes (an axial lobe flanked by lateral lobes); head, thorax, and abdomen distinct; appendages biramous (two-branched).

Subphylum Chelicerata: Appendages include chelicerae and commonly pedipalps and four pairs of walking legs; body usually divided into cephalothorar (fused head and thorax) and abdomen; mandibles and antennae lacking.

Class Merostomata: Aquatic, with abdominal appendages modified as external gills.

Subclass Eurypterida: Extinct "water scorpions."

Subclass Xiphosurida: Horseshoe crabs.

Class Pycnogonida: Sea "spiders."

Class Arachnida: Scorpions, whip scorpions, pseudoscorpions, solpugids, opilionids, spiders, ticks, and mites.

Subphylum Crustacea (Chap. 16): Mostly aquatic, with gills; exoskeleton hardened with calcium carbonate; appendages biramous; two pairs of antennae; mandibutatc; primitive forms have nauplius larva.  Branchiopods, copepods, ostracods, bamacles, isopods, amphipods, euphausids, shrimp, lobsters, hen-nit crabs, crabs, etc.

Subphylum Uniramia (Chap. 16): Primitively terrestrial with tracheae and Malpighian tubules; one pair of antennae; inandibulate; appendages uniramous. (May be a separate phylum, of onychophoran ancestry.)

Class Chilopoda: Centipedes.

Class
Symphyla: Garden centipedes.

Class
Diplopoda: Millipedes.

Class
Pauropoda: Pauropods.

Class
lnsecta: Insects.

Note:
subphylum Mandibulata traditionally has included all arthropods having antennae and mandibles, but appears to be polyphyletic grouping and so is replaced here by subphylum Crustacea and subphylum Uniramia.

What were trilobites?

Paleozoic seas were home to over 4000 species of trilobites ("three-lobed"), which flourished particularly in the Cambrian and Ordovician Periods and dwindled into extinction by the end of the Paleozoic, 200 million years ago.  These most ancient and primitive of known arthropods ranged in length from 0.5 mm to nearly a meter and mostly crept along the sea bottom, although some were adapted for pelagic swimming, while others burrowed.  The flattened trilobite body (Fig. 15.2) consisted of an anterior cap (bead), a thorax, and a posterior pygidium, each subdivided by longitudinal furrows into three lobes.  The cephalon, composed of at least five fused segments, was covered by a shield (carapace).  A pair of widely set compound eyes consisted of many cylindrical ommatidia remarkably like those of living arthropods.  The mouth was located centrally on the underside of the cephalon, behind a liplike labrum from which extended one pair of long, slender antennae.  Posterior to the mouth were four pairs of biramous (Y-shaped) cephalic appendages that in some species had their basal segments (coxae) thickened medially into toothed processes (similar to the gnathobases of horseshoe crabs) that probably served as food-crushing "jaws."

The thorax consisted of separate segments, which allowed trilobites to roll up.  In pelagic species, the lateral margins of these segments were prolonged into spines that aided flotation.  Each segment bore a pair of biramous appendages, each consisting of a medial branch adapted for walking and a lateral branch bearing a row of filamentous projections that may have served as gills or, when more robust, as spinous devices for digging, swimming, or filtering food.  The posterior pygidium consisted of fused segments covered by a solid shield; each pygidial segment bore a pair of appendages like those of the rest of the body, but progressively diminishing in size toward the rear.

A trilobite hatched out as a planktonic protapsis larva 0.5-1 mm long, made up essentially of just the cephalon; metameres were added through successive molts until the larva became a merapsis, consisting of cephalon and pygidium.  During further molts, thoracic segments were gradually added from the anterior border of the pygidium, until the full number of metameres had appeared and the final holapsis stage resembled a tiny adult.

What are chelicerates?

Chelicerates ("claw hom") are arthropods that lack antennae and mandibles and have as their first appendages a pair of chelicerae that are adapted for piercing or grasping, but not chewing.  This subphylum, Chelicerata, includes merostomates, pycnogonids, and arachnids.

What are the features of class Merostomata?

Merostomates include the fossil eurypterids and modem xiphosurids, aquatic chelicerates characterized by a swordlike telson at the end of the body, five to six pairs of abdominal appendages modified as gills, and a cephalothorax bearing one pair of widely spaced compound eyes.

What were the euryptefids like?

The extinct eurypterids ("broad wing") had a wide carapace over the cephalothorax, and a long jointed abdomen consisting of a preabdomen and a postabdomen.  The preabdomen had seven appendage-bearing segments, and the postabdomen had five segments lacking appendages and ended in a spiked telson.  This arrangement resembles that of scorpions, so that eurypterids are called "water scorpions" (Fig. 15.3). The cephalothoracic appendages included a pair of small chelicerae and four pairs of walking legs, of which the last pair was paddlelike and was probably used in swimming.  The abdominal appendages were modified as gills.  Eurypterids grew to the impressive length of 3 m and were probably the most formidable predators inhabiting the estuaries and river systems in which the earliest vertebrates are thought to have evolved.

What are the characteristics of xiphosurids?

Xiphosurids ("sword tail") are mainly represented today by the horseshoe crab, Limulus, which occurs commonly in shallow water in the Gulf of Mexico and northwest Atlantic (Fig. 15.3). This living fossil has remained essentially unchanged since the Triassic Period, nearly 200 million years ago.  Its horseshoe-shaped carapace arches beyond its legs, which are usually hidden from view when the animal is seen from above.  The abdominal segments are fused and covered dorsally by a single skeletal plate, which is movably jointed to the carapace.  The telson, as long as the rest of the body, is a mobile spike that the animal uses in righting itself when overturned.  The cephalothorax bears the chelicerae, five pairs of walking legs, and a posterior pair of chilaria.  The chelicerac are chelate, i.e., terminate in pinchers used in handing food into the mouth.  The first four pairs of legs are also chelate and serve not only for walking but also for picking up food (bottom-dwelling invertebrates and algae), which they push between the gnathobases, spinous foodcrushing processes on the medial surfaces of the coxae (basal segments) of these legs.  The fifth pair of walking legs bears a cluster of tarsal processes used like a broom during burrowing.  The chilaria resemble gnathobases minus the rest of the legs and are probably the coxal portions of a pair of degenerate legs.

The first abdominal appendages are broad flaps fused at the midline to form the genital operculum, on the underside of which are two genital pores.  The remaining five pairs of appendages are also flaplike and fused together medially, but the underside of each pair is elaborated into a series of about 150 thin, membranous, parallel lamellae forming the "pages" of a book gill.  The lamellac are irrigated by oarlike movements of the flaps, which actually are used as oars in upsidedown swimming by young Limulus.  Blood containing hemocyanin fills the hollow lamellae of the book gills.

Limulus has two conspicuous lateral eyes that are compound but unlike those of insects or crustaceans, since the ommatidia are not compactly grouped and are probably too few to permit image resolution, although they may detect movement.  The leading edge of the carapace bears afrontal organ (probably chemosensory) and a pair of tiny median eyes, wh ich may discriminate only light and shadow; each consists of a cup formed by retinal ccils, with the cavity of the cup occupied by a lenslike thickening of the overlying cornea.

Food crushed by the gnathobases is transferred forward to the mouth by the chelicerae.  It passes down the chitin-lined esophagus to an expanded c-rol) and thence into a muscular gizzard, the chitinous lining of which forms longitudinal, toothed fidges that pulverize the food.  The particles then pass through a valve into a midgut consisting of an anterior stomach, into which open the ducts of two large digestive glands, and a posterior intestine.  Enzymatic digestion takes place in the midgut and digestive glands.  Fecal residues empty through the short rectum to the anus, located ventrallyjust in front of the telson base.

The circulatory system consists of a dorsal, tubular heart, which draws in blood from the pericardial cavity through its lateral series of ostia and pumps it out into anterior and lateral arteries that branch extensively before terminating in tissue sinuses.  These drain ventrally into two main sinuses from which the blood flows into the lamellae of the book gills. thereafter returning in vascularchannels to the pericmtium.  Fourpairs of excretory coxal glands filterwastes from the blood and regulate water balance producing a more dilute urine when the animals are in byackish rather than salt water.  These glandsjoin a common renal tubule on each side, and the tubule opens at an excretory pore in the coxa of the fifth walking leg.

In spring, American horseshoe crabs migrate into bays and estuaries and come to shore at night, where the females burrow in sand at the high-tide level and lay up to 300 eggs.  The eggs are fertilized externally by semen shed by the male, which has ridden ashore on top of the female by grasping her abdominal carapace with his modified hooklike first walking legs.  The 3-mm eggs are centrolecithal and cleave holoblastically, producing a I -cm-long trilobite larva, so called for its resemblance to those extinct arthropods, which are often considered ancestral to the merostomes and other chelicerates.  The trilobite larva adds book gills and a longer telson with each molt until it gradually assumes the adult form.

