ARTHROPODA

What characterizes spiders?

Spiders (order Araneae) are the most familiar and diverse order of arachnids, with some 32,000 described species (see Fig. 15.5a and b).  They are also probably the most maligned, for although all have a venomous bite, only a few a re dangerous to humans and all help keep insect numbers down.  In the United States only the black widow, Latrodectus mactans, and the brown recluse, Loxosceles recluse (also called "violin spider" for the violin-shaped marking on its cephalothorax), inflict bites that are occasionally fatal.  The venom of Loxosceles is hemolytic, often causing ulceration at the bitten site.  Black widow venom is neurotoxic and causes about 5 deaths per 1000 bites.  Since the shiny black female Latrodectus often builds her iffegular web in sheds and lumber piles, under garden furniture, and in ground covers, we need to be alert for this common spider, which is usually recognizable by a red hourglass mark on the underside of her abdomen.  The male L. mactans is a tiny, harmless, black-and-white spider, which not infrequently makes a tidy snack for his enon-nous mate, if he fails to run fast enough after inseminating her within her web.

Spiders are the only arachnids with chelicerae in the form of hollow fangs, which inject venom from large poison glands found anterior to the brain.  The chelicerae of hunting spiders are often toothed for chewing the prey while it is digested by regurgitated enzymes.  Spiders with untoothed chelicerae simply inject digestive juices into the puncture wound, and the liquefied tissues are sucked out by the powerful action of the "pumping stomach" (actually part of the esophagus).

Unique to spiders are the nozzle-shaped spinnerets that dep.oy several kinds of silk from large abdominal glands.  Many spiders use silk to make webs that etisnare prey: orb webs, horizontal sheet webs, funnel webs, tube webs, and irregular webs.

Example 5: The most admired specimens of arachnid weaving, orb webs, are suspended between shrubs in the open.  The frame of an orb web is first established with nonsticky silk, after which sticky silk is laid down in a concentric spiral.  After a few days the adhesive threads become dry and ineffectual, and the spider usually devours its entire web, regaining valuable protein for the silk glands.  Although most spiders prefer the out-of-doors, the spindly-legged house spiders (pholcidsy-often mistaken for daddy longlegs (which are not spiders at aII)--are possessed of an ungovernable urge to colonize human habitations and complicate the lives of persons who find spiders and webs disconcerting.

Silk is used in many different ways.

Example 6: As they walk about, most spiders play out a thread of nonsticky silk that serves as a safety line. from which they dangle if suddenly swept off their support.  A similar dragline glued to the substratum at intervals safeguards hunting spiders when they leap upon prey.  Silk cocoons enclose the eggs, which may then be hung in the mother's web or carried about by female hunting spiders.  After the spiderlings hatch, they often disperse by playing out a floating lifeline on which they sail away, sometimes being transported at high altitudes for hundreds of kilometers.  Some spiders use silk to line lairs; there, they lie in ambush for passing insects and also spend the winter.  A snug tubular burrow some 2 cm in diameter is excavated, lined, and sealed with a silken cap by trap-door spiders, which lurk with trapdoor barely ajar until prey comes by, seize the victim in one swift pounce, and drag it into the tube.

The marvelously diverse prey-capturing strategies employed by spiders of various families exemplify complex innate behaviors that owe much to genetic programming and little to leaming.

Example 7: unlike the web spinners, which construct webs according to spccies-specific patterns, many spiders are active predators.  The keen-sighted wolf spiders (lycosids) and jumping spiders (salticids) hunt actively and pounce accurately upon prey, as do many species of the large, heavy tarantulas that make up a separate taxon of aranids (infraorder Mygalomorphae, with nearly all other spiders belonging to infraorder Araneomorphae).  Crab spiders (thomasids) lurk in ambush upon plants.  The nocturnal net-casting spider, Dinopsis, hangs head down, supported by a few silk strands, holding with its front legs a small, dense net with which it scoops insects out of midair.  The bolas spider, Dichrosticus, dangles a single line bearing a droplet of sticky secretion that mimics the sex-attractant pheromone of certain female noctuid moths.  When the male moth approaches this lure, the bolas spider briskly whirls its line and the sticky droplet strikes and ensnares the unfortunate suitor.  Water spiders (agclenids) live underwater, within a bubble of air trapped in a thimble-shaped bell of silk attached to aquatic vegetation.  As the air in the bell becomes depleted, the spider returns to the surface and, hanging upside down from the surface film, suddenly jerks its abdomen and hindlegs downward, pinching off an air-filled droplet, which it carries down and releases into the bell.  Within its bell the water spider lies in ambush for any small aquatic animal, or it may dash to the surface to grab insects that fall into the water, retreating into the bell to feed.  In winter, water spiders go deeper and build a new air-stocked bell in which they hibernate.

Primitive spiders respire by means of two pairs of book lungs, but in more advanced spiders, the posterior pair is replaced by tracheal systems that complement the remaining book lungs.  As blood courses through the lamellae of the book lungs, plasma hemocyanin takes up oxygen.  The heart is longest and has up to five pairs of ostia in spiders that rely only on book lungs for gas exchange, but becomes smaller and may have as few as two pairs of ostia in spiders having elaborate tracheal systems, since the latter rely much less on blood for oxygen transport.  The heart beats only a few times a minute in spiders that lie quietly in wait, but over 100 times a minute in actively hunting spiders.  Excretion is mainly accomplished by a pair of Malpighian tubules, since coxal glands are more or less reduced in all but primitive spiders, which have two pairs.  The main nitrogenous waste is the purine guanine, which is excreted by cells in the cloacal wall, as well as the Malpighian tubules.

Most spiders have eight eyes, of which the anterior median pair are indirect eyes that aid nocturnal hunting, while the rest are direct eyes.  Except in cursorial (running) species, the photoreceptors per eye are too few for image discrimination.  Slit sense organs in the joint between the most distal of the longer leg segments (tarsus and metatarsus) serve web builders in detection of web vibrations that signal the capture of prey or the approach of a cautious male with amatory intentions, who may pluck the threads of the web like guitar strings.  Hunting spiders rely on slit organs grouped into lyriform organs for proprioceptive information on both leg position and joint movements; this information allows them to backtrack to finish a meal from which they have been scared away.

In his abdomen just below the gut, the male spider has a pair of tubular testes that extend into convoluted sperm ducts; these ducts pass anteriorly to unite at a seminal vesicle that opens by way of a single median gonopore.  The female's ovaries, which resemble bunches of minute grapes, are similarly located, and as the ripe eggs rupture into the cavity of each ovary, they pass forward in a pair of oviducts that unite at a median vagina flanked by a pair of sperm receptacles.  In preparation for mating, a male spider constructs a special, tiny sperm web into which he ejaculates.  He then draws the semen into a complicated palpar organ, which differentiates from the terminal segment of each of his pedipalps and bears a sperm reservoir and a copulatory projection.  Thus charged, he goes off in search of a female, toward which he directs species-specific signals (such as a patterned waving of legs or pedipalps) that render her quiescent and allow him to approach with some degree of safety; he injects semen into her sperm receptacles with first one pedipalp and then the other.  Certain mistrustful suitors first immobilize their-mates with lines of silk before attempting to copulate.

What are ticks and mites?

Order Acarina includes around 25,000 species of parasitic ticks and free-living and parasitic mites, a number of which damage animals and plants and also carry pathogenic microbes that afflict humans and livestock.

Example 8: Mites of the genus Sarcoptes tunnel into mammalian skin, causing scabies (seven-year itch) in humans and mange in animals.  Some free-living mites have parasitic larvae, such as harvest mites, the larvae of which are chiggers that bite terrestrial vertebrates, exuding enzymes that digest the deeper skin layers, causing intense itching; chiggers also transmit such maladies'as Asian scrub typhus.  Water mites, conspicuously bright red, are benthonic in fresh water and shallow inshore marine waters.  Their larvae parasitize such invertebrates as clams and aquatic insects.

The large acarines known as ticks can be grouped into a single suborder (Ixodides or Metastigmata), but the much tinier mites (averaging I mm long) are so diverse as to make up five different suborders, which may well represent an artificial assemblage (see Figs. 15.5a and 15.8a and b).  Similar in form to ticks are the spider mites that attack plants: both have an ovoid body undivided into cephalothorax and abdomen, from which protrudes a cluster of mouthparts (erroneously called the "head"), which is the part embedded in the host's integument or used to pierce plant cells.  The chelicerae and short pedipalps form this head (capitulum), while the other appendages [six in the larva, eight in the juvenile (nymph) and adult] are used in creeping and climbing.  In ticks, the terminal segment of each walking leg bears a pair of prehensile claws.  Mites of other suborders display modified body forms.  Beetle mites resemble miniaturized beetles.  Gall mites [that stimulate plants to produce enclosing structures (galls)] andfollicle mites (that inhabit the hair follicles of mammals) are worm-shaped.

Ticks, which may reach a length of 2 cm, suck the blood of reptiles, birds, and mammals.  The six-legged larvae feed and drop off when engorged to inolt to an eight-legged sexually immature nymph.  This in turn takes a blood meal, drops off, and molts to the adult stage.  Ticks can go without food for many months, but feeding must precede each 

episode of egg laying.

Example 9: Soft (argasine) ticks feed only briefly, at night, and drop off the host as soon as satiated.  However, they inhabit their hosts' nests or lairs, and have only to climb aboard when hungry again.  Hard (ixodine) ticks remain attached to their hosts for several days, during which time copulation occurs.  After a single meal as an adult, the female ixodine lays her eggs and dies.  Ixodines are negatively geotactic: they crawl up vegetation to where they can fall upon the bodies of passing animals, being attracted by odor to appropriate host species.

Hard ticks occasionally cause paralysis or death by secreting neurotoxic saliva.  In addition they transmit Rocky Mountain spotted fever, tularcmia, hemorrhagic fever, Q fever, anaplasmosis, encephalitis, and Texas cattle fever.  Soft ticks may carry relapsing fever and other diseases.

Acarines lack book lungs and respiratory pigments and breathe by tracheal systems.  The circulatory system commonly lacks a heart and is a mere network of tissue spaces.  Excretion is usually accomplished by one to four pairs of coxal glands or a pair of Malpighian tubules, or both.  Eyes are poorly developed and often lacking, and sensory setae are the principal sense organs.  Female acarines have a single ovary with accessory glands and a seminal receptacle.  Males possess a pair of lobate testes with sperm ducts that join at the single gonopor-e, and often have a chitinous penis.  When a penis is lacking, semen may be placed on the ground and taken up into the female's genital orifice, or a spermatophore may be deposited and taken up by the female alone or with the aid of the male's chelicerae.

