ARTHROPODA

Although crustaceans and uniramian arthropods are alike in having antennae, mouthparts.known as mandibles and maxillae, and compound eyes (in most), they are now considered different enough to represent separate subphyla.  The conventional subphylum Mandibulata is being replaced by the subphyla Crustacea and Uniramia.  In fact, if the uniramians-which are all primitively terrestrial-evolved from a terrestrial onychophoran ancestor, they may not even belong in the same phylum with arthropods that shared a common aquatic ancestor, possibly of the trilobite type.  However, for now we shall treat crustaceans and uniramians as subphyla within phylum Arthropoda.

What are crustaceans?

From hatchling fishes gorging on copepods to giant whales placidly licking euphausids and mysids off their baleen whiskers, to humans dipping lobster tails in drawn butter, the vote is unanimous: crustaceans are a tasty bunch!  Menaced by the appetite of a world of hungry people and animals, crustaceans (Fig. 16. 1) respond with such unbridled fecundity that as larvae and adults they overwhelmingly outnumber any comparable group of aquatic metazoans.

Crustaceans are mainly aquatic arthropods with two pairs of antennae and skeletons often hardened by calcification.  Their characteristics and body organization are well represented by the common freshwater crayfish (Fig. 16.2).

What is the organization of the crustacean head?

The cephalic organization of crustaceans is unique in including two pairs of antennae.  These, along with one pair of mandibles, constitute the only appendages of the nauplius, the first larval stage of most crustaceans (see Fig. 16.3). By adulthood, the appendages of two more segments have been added to the head, as food-handling maxillae.  The nauplius has a sin le, median eye composed of three to four pigment-cup ocelli, which permit the larva to orient by detecting the 9 direction of light; this "nauplius eye" persists as the adult eye of certain small crustaceans such as copepods, but in most species, adults have a pair of sessile or stalked compound eyes (see Fig. 24.7). The eye of a lobster (Homarus), with some 14,000 ommatidia, can probably resolve images, at least crudely, but most crustaceans may detect little more than light and movement.

The excretory organs are also located in the head, as a pair of blind sacs often called green glands, or, more specifically, antennae glands if they open onto the base of the second antennae or maxillary glands when they open on the second maxillae.  This arrangement is reminiscent of the coxal glands of chelicerates.  Most larval crustaceans have both antennal and maxillary glands.  Each green gland, like a coxal gland, originates intemally as a small end sac derived from an embryonic compartment of the coelom, so that it too may be homologous to a metanephridium lacking ciliation.  Fluid from the surrounding hemocoel passes into the end sac by pressure filtration and is subsequently modified by resorption of useful solutes as it drains through a spongy mass (labyrinth) and along a convoluted renal tubule to a urinary bladder that opens by way of a nephridiopore in the basal (coxal) segment of the appendage.  These excretory organs mainly regulate ion balances, since nitrogenous wastes (mostly ammonia) diffuse through the gills and wherever else the cuticle is thin.  In freshwater crustaceans such as crayfish, the green glands produce a copious, dilute urine low in salts, ridding the body of excess water while conserving vital ions.

How is the trunk of the crustacean body organized?

The trunk is composed primitively of a series of similar segments terminating in a telson, at the base of which the anus opens, but considerable departures from this arrangement have taken place in the course of adaptation toward different modes of life.  Usually the trunk is subdivided into thorax and abdomen.  Tagmatization is common, and head and thorax may be fused as a cephalothorax.  Postcephalic appendages may be restricted to the thorax or bome on all trunk segments.

Crustacean appendages are primitively biramous (Y-shaped), having a basal component, the protopodite, which bears a , imdial branch, the endopodite, and a lateral branch, the exopodite.  These appendages may be modified for many different uses (see Fig. 16.2b). Most crustaceans are benthonic and have several pairs of appendages modified as sturdy walking legs, which are secondarily uniramous.  Pelagic species possess swimming legs, usually fringed with stiff setae that increase their surface area.

What is the nature of the crustacean exoskeleton?

The exoskeleton of larger crustaceans is heavily impregnated with calcareous deposits, forming a rigid "crust" that ,gives the group its name.  It consists of (1) a thin epicuticle of lipid-impregnated protein that may also be calcified and (2) a thick endocuticle made up of an outer pigmented layer containing tanned proteins, chitin, and calcium salts, a middle layer that is most heavily calcified and contains more chitin and less protein, and a thin inner layer of protein and chitin.  Each distinct trunk segment is enclosed by a dorsal plate, the tergum, and a ventral plate, the sternum.  A cloaklike carapace may cover the thorax, cepbalothorax, or entire body.  When present, gills usually lie in a bronchial chamber beneath the carapace.  The gills, which are actually finely divided extensions of the cuticle that enclose blood-filled channels, are often attached to the bases of the thoracic appendages, so that movements of these appendages circulate water over the gills.

Molting of the exoskeleton (ecdysis) is controlled by hormones.  A molt-inhibiting neurohormone is secreted by clusters of brain cells (X organs), whose axons extend into a pair of sinus glands where the hormone is released into the hemocoel.  When secretion of this factor is inhibited by such environmental factors as temperature or photoperiod, a molting hormone is then secreted by Y organs located beneath the muscles that adduct the mandibles.  In ecdysis, first the epidermis separates from the overlying cuticle and secretes a new epicuticle.  Next, enzymes are secreted through als into the space above the new epicuticle, and these gradually dissolve the old endocuticle, so that most of its components are reabsorbed and little remains to shed but the old epicuticle. The crustacean now imbibes water and its body swells, splitting the old cuticle along some particular seam; the animal then pulls itself out.  Further swelling takes place before the new epicuticle hardens, a new endocuticle is secreted, and calcification ensues.

If an appendage has been lost or cast off (autotomized), a limb bud forms soon after the amputation; the replacement limb grows rapidly during the premolt period and is unfolded from a sac during molting.  Ecdysis is delayed until the premolt regeneration has been completed.

What are the characteristics of class Symphyla?

Symphylans comprise about 160 species of widely distributed uniramians that resemble'tiny centipedes only 2-10 mm long, with an elongated trunk of 14 segments that bears 12 pairs of legs and one pair of spinnerets (Fig. 16.7d). Although eyeless, they have a well-developed sensory pit organ at the base of each antenna and run rapidly and twist flexibly when maneuvering through leaf mold.  Their cephalic appendages are similar to those of centipedes, except that the second maxillae are fused medially to form a labium.  Poison claws are lacking, and symphylans feed only on plant materials.  Although most consume decaying vegetation" some species attack living plants and can be serious horticultural pests, especially in greenhouses.

Only the first three trunk segments are furnished with tracheae, which open by way of a single pair of spiracies on the head.  An eversible coxal sac at the base of each leg (also a feature of onychophorans and primitive insects) is used in taking up moisture.

The genital pores open ventrally on the fourth trunk segment.  The reproductive behavior of Scutigerelia is probably representative.  The male simply deposits several hundred stalked sperinatophores and ambles away, his duties done.  When a gravid female encounters a spermatophore, she takes it into her mouth and stores it in her buccal pouches.  As she lays each egg, she takes it with her mouth from her unpaired gonopore, attaches it to the ground or a plant, and smears it with sperm from her mouth.  Parthenogenetic development of unfertilized eggs is also common among symphylans.

What are the characteristics of class Pauropoda?

Pauropods ("small foot") represent about 500 species of midget myriapods less than 2 mm long; they are eyeless and inhabit soil, humus, and rotting vegetation (Fig. 16.7e). The head bears a lateral pair of discoidal sensory organs and a pair of unique Y-shaped antennae.  One branch of the Y subdivides again, into two flagella and a club-shaped sensory structure.  The trunk consists of I I segments plus a telson, and each segment-except the first, last, and the telson-bears a pair of short legs.  Like millipedes, to which pauropods may be related, a single tergal plate covers each two segments.  A heart is lacking, and tracheae are also absent in most.  As in millipedes, the gonopores open on the third trunk segment.  The single ovary lies ventral to the gut, whereas the testes lie above the gut.  The male roams about like Johnny Appleseed, depositing spermatophores here and there, to be taken up by any passing females.  The eggs are laid in humus, and the young, like those of millipedes, hatch with only three pairs of legs.

