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Abstract. The morphology and mechanics of the tube
feet, ampul'lae, and lateral and radial canals of the water
vascular systems of Luidia clathrata and Astropecten ar-
ticulatus (Echinodermata, Asteroidea) were analyzed.
Histological methods, based on embedding in both par-
affin and glycol methacrylate, were used to document the
arrangement of muscle and connective tissue. The tube
foot wall includes longitudinal muscles and connective
tissue fibers, the latter arranged in a crossed-fiber helical
array, with a fiber angle of about 67° in elongated tube
feet. No evidence was found for the circular rings of con-
nective tissue reported in earlier studies; the appearance
of rings is probably an artifact of folding. The ampullae
are bilobed and include circumferentially arranged muscle
fibers and connective tissue fibers aligned 90° to the mus-
cle. The lateral canals are short and equipped with one-
way flap valves similar to those described for other echi-
noderms. The radial canal is thin-walled, nonmuscular,
and enclosed in the connective tissue and ossicles of the
ambulacrum. Frame-by-frame video analysis of both in-
tact animals and animals with “windows” cut in the arm
wall was used to document the movements of the tube
feet and ampullae. No evidence was found for the pre-
viously suggested role of the radial canal in protracting
the tube feet. The ampullae protract the tube feet and
antagonize the tube foot musculature. The fiber angle of
the connective tissue allows protraction and prevents di-
lation of the tube feet, and limits elongation of the am-
pullae.

Introduction

The water vascular system of asteroids serves crucial
roles in locomotion, food handling, respiration and, in
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many species, burrowing. The major components of the
system are the circumoral ring canal, the radial canals
extending from the ring canal down each arm, and the
tube feet with their associated ampullae that are connected
to the radial canal by the lateral canals. Studies of the
tube feet and associated ampullae in asteroids have in-
cluded analyses of general morphology and function
(Mangold, 1908; Hamilton, 1921; Paine, 1926, 1929;
Smith, 1937, 1946, 1947; Kerkut, 1953; Heddle, 1967,
Nichols, 1966, 1969, 1972), of innervation and neuro-
muscular control (Smith, 1945, 1950a, b; Bargmann et
al., 1962; Cobb, 1967, 1970, 1987; Cobb and Laverack,
1967; Cavey and Wood, 1981), of ultrastructure (Souza
Santos and Silva Sasso, 1968, 1970; Dolder, 1972; Engster
and Brown, 1972; Wood and Cavey, 1981), and of per-
meability and maintenance of fluid volume (Binyon,
1962, 1964; Prusch and Whoriskey, 1976; Prusch, 1977,
Ferguson, 1990a, b). Although the tube foot-ampulla
complex of asteroids has been well studied, two crucial
aspects of its function have not been completely resolved.
The first concerns connective tissue fiber reinforcement
of the walls of the complex, and the second concerns the
role of the radial canal in tube foot movements.

The production of force and movement in these ap-
pendages depends on a hydraulic mechanism in which
contraction of muscle displaces water vascular fluid from
one portion of the system to another. In most hydrostatic
skeletal support systems that rely on such a mechanism,
the walls of the hydraulic appendage or body are rein-
forced with connective tissue fibers arranged in a specific
pattern, referred to as a ‘crossed-fiber helical array’ (for
reviews, see Chapman, 1958; Clark, 1967; Trueman, 1975;
Wainwright et al., 1976; Alexander, 1983). In such a sys-
tem, sheets of connective tissue fibers wrap the structure
in regular arrays of right- and left-hand helices. The re-
inforcement provided by the fibers allows shape change





