ARTHROPODA

At least a million species of eucoelomate invertebrates enjoy the benefits of an external chitinous skeleton that protects the body and forms a series of jointed, segmentally arranged appendages.  These highly successful animals, representing a peak of protostome evolution, are known as arthropods ("joint foot") for their jointed appendages.  At present all joint-footed animals are placed in a single phylum, Arthropoda, although it is uncertain whether the sturdy chitinous exoskeleton, the greatest single innovation underlying the tremendous success of arthropods, evolved once or several times.  Whether they should be considered separate phyla, subphyla, or classes, the major groups of living arthropods (Fig. 15. 1) are chelicerates (spiders, scorpions, etc.), crustaceans (crabs, shrimp, etc.), and uniramous mandibulates (centipedes, millipedes, insects, etc.).

How do arthropods resemble annelids?

(a)
Both phyla are metameric.  Metamerism is pronounced in the embryonic development of all arthropods and is also conspicuous in adults of primitive species.

(b)
Primitively, both arthropods and polychaete annelids have appendages on every body segment.

(c)
The nervous systems of both are constructed along the same lines, with a dorsal brain, connectives ringing the digestive tract, and a ventral longitudinal nerve trunk with segmental ganglia and nerves.

(d)
The arthropod blood-vascular system seems to be derived from the annelid pattern, even though arthropods lack capillaries and have an open circulatory system.  The hearts appear to be homologous: in both phyla, the true heart (as opposed to accessory or booster hearts) is a dorsal tube that propels the blood forward.

(e)
The excretory coxal glands of chelicerates and the antennal or maxillary glands of crustaceans seem to represent modified metancphridia, the basic kidney type seen in other eucoelomate protostomes such as annelids and mollusks.

(f)
Although most arthropod eggs are too yolky to cleave completely as annelid eggs do, in those few arthropods that do show holoblastic determinate cleavage, the mesoderm arises from the very same blastomere ("4d") as it does in polychactes.

How do arthropods differ from annelids?

(a)
Arthropods have a protective and supportive exoskeleton formed from the chitinous cuticle.  This exoskeleton consists of from 40 to 80 percent of the nitrogenous polysaccharide chitin, the balance being proteins, hardened and stabilized by tanning (formation of cross bridges between molecules) and sometimes calcium carbonate as well.  The cuticle is often covered by a waxy epicuticle that reduces evaporative water loss.  The exoskeleton is thin along lines of articulation , allowing flexibility.  The cuticle must be molted periodically to permit growth.  Its weight and the trials of molting restrict the size attained by arthropods.  In contrast, the annelid cuticle is very thin, composed not of chitin but of mucopolysaccharides, is unsupportive and inefficient at preventing water loss, and is not molted.  However, annelids do synthesize chitin for their jaws and setae.

(b)
Annelids typically show homonomous metamerism: the body segments are commonly alike.  Arthropods are characterized by heteronomous metamerism (modification of segments in different body regions), together with tagnwtization, the fusion of embryonic body segments to form compound body sections, such as head, thorax and abdomen.

(c)
Arthropods have a fixed number of body segments, but within most annelid species the number of segments is variable.

(d)
The serially homologous parapodia of polychaetes are ordinarily just alike.  The serially homologous segmental appendages of arthropods are typically specialized for such functions as stimulus detection, food getting, mastication, defense, locomotion, egg carrying, and copulation.  Through tagmatization, appendages of successive segments may become closely grouped, as in the mouthparts of insects and crustaceans.

(e)
Arthropods have skeletomuscular systems, in which striated muscles are arranged in opposing sets and attached to two or more different exoskeletal plates of the trunk or limbs.  The arthropod body is supported upon its locomotory appendages, which can be moved in various planes by the attached muscle sets: forward by protractors and backward by refractors, to the side by abductors or toward the body by adductors; they can be bent by flexors or straightened out by extensors.  Arthropods are accordingly the most agile of all invertebrates (with the possible exception of some cephalopod mollusks).  By contrast, the body wall musculature of annelids forms solid circular and longitudinal layers that shorten and lengthen the body, together with protractors and refractors that move the parapodia forward and back.

(f) 
Arthropods are remarkable in having multiply innervated muscle fibers controlled by (1) phasic neurons that bring about rapid but brief contractions, (2) tonic neurons that evoke slow but sustained and powerful contractions, and

(3) inhibitory neurons that prevent contraction.  This diversity permits arthropods to execute sophisticated modulations of rate and duration while possessing relatively few muscle fibers, since each fiber can contract slowly or rapidly.

(g)
Arthropods demonstrate patterns of instinctive behavior far more complex than those of annelids: courtship rituals, elaborate web building by spiders, caring for eggs and larvae, and some remarkable patterns of prey capture, described later.  Social insects build complicated shelters and have complex communication systems, such as dance patterns by which worker honeybees guide other foragers to distant food sources.

(h)
Many arthropods have keen image-resolving eyes.  Also, experiments with honeybees and hermit crabs have shown that these arthropods (and probably many others) have color vision.  Large, complex compound eyes (see Fig. 24.7) evolved in trilobites, crustaceans, and insects, but even the simpler eyes of spiders permit those that hunt to leap upon prey with a fine degree of accuracy.

(i)
Terrestrial arthropods have not only impervious waxy epicuticles that protect them from dehydration, but also specialized respiratory and excretory organs that let them lead active lives under even exceedingly and circumstances.  As a result, arthropods have colonized the land with a success enjoyed by no other invertebrates.  The internalized respiratory organs of land arthropods include book lungs and tracheal systems.  Excretion of urine with little water loss is accomplished by the combined action of Malpighian tubules that end blindly in the hemococl and the waterreabsorbing hindgut, into which the Malpighian tubules open.

(j)
Unlike annelids, arthropods have an open circulatory system in which the coelom is much reduced and the functional body cavity is a hemocoel into which blood spills from the open ends of arteries.  In some crustaceans venous channels are present, but capillaries are lacking.  The dorsal heart, usually tubular with segmental openings (ostia), sucks in blood from the surrounding pericardial cavity, which is a sinus of the hemocoel, rather than a coelomic vestige as in mollusks.  The open circulatory system is more likely a limitation of arthropods than an advance, since blood flow can be accomplished more efficiently in a well-developed closed circulatory system.  Most terrestrial arthropods do not rely exclusively on the bloodstream for transporting gases, but have branching systems of air tubules reaching from the body surface to the tissues.  This helps limit the size that terrestrial arthropods can attain.

(k)
Unlike annelids, arthropods lack cilia.

(1)
In all species having a complete digestive tract, although most of the alimentary tube is lined with endoderm, the most anterior and posterior portions are lined with ingrown ectoderin.  The former, or stomodeum, ordinarily forms only the buccal cavity, while the latter, or proctodeum, constitutes only a short rectum.  The stomodeum and proctodeum of arthropods are remarkably long and are lined by an inward extension of the chitinous cuticle.  The stomodeum makes up the entireforegut, including buccal cavity, esophagus, and stomach, which function in ingestion, mechanical digestion (trituration), and food storage.  The proctodeum makes up a hindgut of variable length, which absorbs water and compacts the feces.  Between the chitin-lined foregut and hindgut lies the midgut, which secretes digestive enzymes (that are sometimes passed forward into the foregut to allow chemical digestion to commence there) and carries out most digestion and absorption of solutes.  The midgut is often outpocketed to form cecal pouches or large digestive glands.

