XIV.  Sea Lilies, Sea Urchins, Sand Dollars, Sea Cucumbers, and Sea Stars: Kingdom Animalia, Phylum Echinodermata

The Echinoderms are familiar as sea stars/starfish, brittle stars, sea urchins, and sea cucumbers.  Another group within this phylum, the chrinoids, have a very palm tree-like appearance but are, nonetheless, another example of Echinoderm.  Exclusively marine, Echinoderms inhabit virtually all depths of the world’s oceans and seas.  Let’s begin with a brief overview of this important invertebrate group, represented by no less than 42 different species at the Alaska SeaLife Center.

Echinoderm Characteristics:

· among most familiar invertebrates known

· 6000 known species

· exclusively marine (i.e., saltwater)

· pentamerous radial symmetry (i.e., the body may be divided into five segments about a central axis)

· this, however, does not place them in close relationship to other radially symmetrical animals, such as sponges and cnidarians; this is because the radial symmetry develops secondarily after an initial bilaterally symmetrical larval stage of development

· possess pedicellaria

· possess an internal skeleton made up of calcareous (i.e., made of calcium carbonate) ossicles (small, spiny structures which collectively form echinoderm skeleton)

· ossicles may articulate with one another as in sea stars with mobile arms

· ossicles may be linked to one another to form a rigid skeletal shell (test), such as in sea urchins and sand dollars

· projections on body surface typically give appearance of a bumpy, spiny skin (echinoderm means “spiny skin”)

· possess an internal water vascular system

· though originally used to transport food, it is believed that over time this vascular system has enabled more advanced forms to move

· respiratory structures vary

· possess a well-developed digestive tract, but this varies in structure as per the various echinoderm groups

· no excretory system present

· some non-predatory stars feed on mud while others are suspension feeders
· most species have separate sexes

· fertilization of eggs takes place in sea water and planktonic larvae are produced; a number of species have direct development and brood young that are released as small versions of the adult (e.g., Leptasterias and Henricia spp.)

· Sea Stars : Class Stelleroidea; Subclasses Asteroidea and Ophiuroidea

· star-shaped, freely mobile echinoderms

· body comprised of rays or arms projecting from a central disc

· two subclasses

1. Asteroidea : sea stars

2. Ophiuroidea : brittle stars
Sea Stars; Subclass Asteroidea

· 1600 described species

· occur in coastal waters throughout the world

· greatest concentration in the world is found in northeast Pacific, especially Puget Sound to the Aleutians

· colors vary with different species from a more common drab yellow to many brightly colored, and even multi-colored, examples

· symmetry is usually pentamerous (five equal divisions about a central axis)

· some species, however, may have 7 to 40 arms (see sunflower and sun stars below)
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Fig. XIV. 1.  Pentamerous Symmetry Characteristic of Sea Stars (photograph is of the bat star, Patiria miniata)

· size usually about 3 - 6 inches

· one species of the northwestern U.S. may attain a diameter of more than three feet

· unlike brittle stars (see below), arms of sea stars are not sharply set off from the central disc
· width of arm usually increases with closer proximity to the central disc

· mouth positioned at center of central disc underside

· entire undersurface called the oral surface
· entire top surface called the aboral surface
· a radial furrow, called an ambulacral groove, extends from the mouth to through the arm undersurface

· 2 - 4 rows of projections called tube feet , or podia, extend from the ambulacral groove

· the sea star uses these tube feet to move about

· tube feet are moved by the water vascular system

· moveable spines guard the ambulacral groove; these spines can even close the groove altogether

· the digestive system consists of an oral area, cardiac and pyloic stomach areas, and a diminutive intestine that ends in an anus
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Fig.  XIV. 2.  Sea Star; note structures

· madreporite, a button-like structure that is an opening on the aboral surface

toward the side of the central disc, allows water to enter the vascular system

· body surface typically spiny and rough

· body surface covered in a skin that secretes protective mucus

· nerve cells located immediately beneath the upper skin surface

· ossicle skeletal system contained in thicker, connective tissue below the upper skin layer

· skeletal system ossicles basically form a latticework that is held together by this connective tissue

· muscle tissue layers arranged in opposing directions located beneath the skin

· pedicellariae are very small, jaw-like appendages on the sea star skin surface of certain sea star species

· these function to remove undesirable small animals

· the water vascular system is a series of internal canals through which water is pumped for opposing muscle contractions in movement of the animal

· asteroids have two stomachs, these being the cardiac and pyloric stomach; the anus projects out of the latter
· digestion primarily occurs in the cardiac stomach (which is attached to the mouth via a short esophagus) and this digested material then moves into the pyloric stomach; these two stomachs are located in central disc

· an anus leads from the pyloric stomach to deposit wastes on the aboral side, center of the central disc

· sea stars are carnivorous and feed on invertebrates (including polychaete worms, clams, snails, crustaceans, and other echinoderms) and even small fishes

· will also scavenge dead animals

· certain species are notorious feeders on oysters and will destroy whole oyster beds if left unchecked

· deep-water sea star species tend to be omnivores; some deep sea examples may also derive nutrients from ingested mud

· fluid-filled areas inside arms and central disc make up main circulatory system (an open system in that it lacks fluid transport vessels [e.g., veins and arteries])

· papula (raised, bulbous areas on the aboral surface) and tube feet are main areas of gas exchange (respiration)

· any part of a sea star arm may be regenerated

· in one species, if at least one fifth of the central disc is still attached to an arm, an entire, new starfish will be generated

· sexes are usually separate in all sea star species

· eggs and sperm are freely released into sea water
· some species of sea stars (e.g., Leptasterias species) brood their eggs under the oral area until young individuals emerge
· embryo becomes free-swimming as part of the zooplankton at some point in its development

· at first bilaterally symmetrical, the developing larva eventually assumes the pentarameous symmetry in its development

· a baby starfish (less than 1/25th of an inch and having very stubby arms) eventually settles down to the bottom to assume a benthic lifestyle

· growth rates are variable

· average life span of a sea star is ten years but some species can live to at least 50 years

· under starvation conditions, sea stars can reduce metabolism and resorb part of the body;  this will cause them to become smaller after long periods without feeding
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Fig. XIV. 3.  Sea Star

Sea Stars Maintained at the ASLC

1. Leather Star/Garlic Star, Dermasterias imbricata
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Kingdom Animalia
Phylum Echinodermata
Subclass Asteroidea

Order Valvatida

Family Asteropseidae

Genus Dermasterias
	Occurrence ...................................
	· Gulf of Alaska to Baja California, Mexico
· low intertidal rocks and sandy areas to 300 feet deep

	Form/Function .............................
	· reaches 12 inches in diameter; arms are short, tapering rays; webbed at base

· smooth top (aboral) surface

· upper (aboral) surface color gray with splotches of red, purple, and brown

· respiratory structures (papulae) appear as feathery outgrowths on upper surface

	Reproduction ...............................
	· spawns from April to August; separate sexes release sperm and eggs into open ocean

· fertile eggs develop into larvae and, now as zooplankton, begin feeding upon other zooplankton

· further development of larvae leads to juvenile stage, at which time the pentamerous symmetry develops

	Predators/Prey ...........…...............
	· not known if anything preys upon this sea star

· consumes prey items whole rather than extruding stomach as in many other Asteroidea

· a generally carnivorous species, consumes encrusting sponges, sea pens, sea anemones, bryozoans, sea cucumbers, and sea urchins

	Noteworthy Facts ………………
	· scale worms often found living within ambulacral grooves

· emits odor of rotting garlic

· slippery to the touch as a result of the mucus it exudes

· contact with leather star causes some species of sea anemones to detach from substrate and swim away


2.  Blood Star, Henricia leviuscula
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Kingdom Animalia
Phylum Echinodermata
Subclass Asteroidea

Order Spinulosida

Family Echinasteridae

Genus Henricia
	Occurrence ...................................
	· Aleutian Islands, Alaska to Baja California, Mexico, and Japan
· low intertidal rocky surfaces to intertidal waters of 1435 feet deep

	Form/Function .............................
	· top (aboral) side bright red or reddish orange, but may be tan, purple, or mottled

· disk more or less flattened

· arms emerge from disc as five, hard rays

	Reproduction ...............................
	· female broods eggs, often while taking shelter between rocks

· planktonic developing larvae become juveniles which then settle down to bottom

	Predators/Prey ...........…...............
	· predators unknown

· extrudes stomach to feed upon encrusting sponges and bryozoans and may also suspension feed

· uses streams of sticky mucus that it produces to entrap very minute living organisms and bring these, via cilia, to mouth for ingestion

	Noteworthy Facts ………………
	· an attractive sea star species


3.  Ridged Blood Star, Henricia aspera
[image: image5.jpg]



Kingdom Animalia
Phylum Echinodermata
Subclass Asteroidea

Order Spinulosida

Family Echinasteridae

Genus Henricia
	Occurrence ...................................
	· Sea of Japan to Bering sea to Oregon Coast to Santa Barbara Channel, California
· 20 to 2000 feet

	Form/Function .............................
	· aboral spines single, set sparsely along the skeletal trabeculae around strongly depressed spaces

· spines stout, conical, short and coarse, enclosed in a very thick membrane

· no paxillae

	Reproduction ...............................
	· unknown or information unavailable

	Predators/Prey ...........…...............
	· unknown or information unavailable

	Noteworthy Facts ………………
	· apparently very little is known of this sea star


4. Fat Henricia Star, Henricia sanguinolenta
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Kingdom Animalia
Phylum Echinodermata
Subclass Asteroidea

Order Spinulosida

Family Echinasteridae

Genus Henricia
	Occurrence ...................................
	· Circumpolar to Cape hatteras in the Atlantic and to Washington in the Pacific
· low intertidal to 7920 feet

	Form/Function .............................
	· 6 – 8 inches across

· disk small

· five tapering, thin, rigid arms; to 5 inches long

· texture sandpaper-like

· dorsal spines possessing 3 – 6 sharp, glassy points

· spines terminate in a cluster of long spikes that are devoid of skin

· commonly white to pale orange in the Pacific (Atlantic form is red)

	Reproduction ...............................
	· sexes separate

· brood their young

	Noteworthy Facts ………………
	· feeds on organic matter and dissolved nutrients

· the taxonomy of this species in the Pacific is disputed and therefore requires revision


5. Ochre Star/Purple Star, Pisaster ochraceus
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Kingdom Animalia
Phylum Echinodermata
Subclass Asteroidea

Order Spinulosida

Family Asteriidae

Genus Pisaster

	Occurrence ...................................
	· Prince William Sound, Alaska to Baja California, Mexico
· intertidal rocky shores to 280 feet deep

	Form/Function .............................
	· up to 13 inch diameter

· arms are five stout rays

· top (aboral) surface is bright purple or ochre (dusky orange) in color

· thin epidermal covering appears worn away in areas

· spines on top surface are short and blunt but grow continuously; in calm waters the spines may be elongated

	Reproduction ...............................
	· males and females release sperm and eggs into ocean

· fertilized eggs develop into planktonic larvae

· juveniles settle on bottom and develop into adults

	Predators/Prey .......…...................
	· consumed by sea otters and occasionally by sea gulls of several species; presumably the gulls remove loosely attached stars or ones washed ashore after a storm
· a carnivorous species, this sea star displays a predilection for molluscs, including mussels, limpets, chitons, and snails; it also eats barnacles

· feeds by everting its pyloric stomach into and around prey

· can insert its stomach into snail shells or into slits as small as 0.1 mm between bivalve shells

	Noteworthy Facts ………………
	· prefers cold, oxygenated water

· only occurs in water of full salinity

· more prevalent on exposed, rocky coastal areas

· prefers rocky habitats; can cling to rocks with great tenacity during times of receding tides and heavy wave impact during high tide

· in more northern limits of its range, the ochre star will feed primarily in summer and move to deeper waters during the winter

· has enormous gripping force with tube feet; utilizes this to open bivalves and to pry barnacles off of rocks before ingesting them

· species that are preyed upon by the ochre star often display avoidance responses to this voracious predator

· scale worms often found in the ambulacral grooves and/or aboral surface


6.  Mottled/True Star, Evasterias troschelii
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Kingdom Animalia
Phylum Echinodermata
Subclass Asteroidea

Order Forcipulatida

Family Asteriidae

Genus Evasterias
	Occurrence ...................................
	· Pribilof and Aleutian Islands, Alaska to Monterey, California; a related species, Evasterias echinosoma, occurs in the southeastern Chukchi Sea 
· low intertidal to 230 feet deep

	Form/Function .............................
	· up to 22 inches in diameter

· five arms that appear somewhat tapered in comparison to the ochre star

· top (aboral) surface pinkish, orange, pale or dark green, bluish, brown, and occasionally purple

· spines on top surface less pronounced but more variable in comparison to those of ochre star

	Reproduction ...............................
	· massive release of eggs and sperm into ocean by females and males

· females and males often aggregate in spring and summer

· fertilized eggs become free-swimming larvae as part of the zooplankton

· juveniles settle to bottom and develop adult characteristics

	Predators/Prey .............................
	· occasionally consumed by sunflower stars, large king crabs, and, in winter, glaucous-winged sea gulls

· a carnivorous species

· consumes many molluscs, including mussels, clams, chitons, limpets, and snails; also consumes barnacles and sea squirts

· can pull open bivalves but can also insert its stomach between clam shells

· various gastropods elicit escape responses upon coming in contact with the true star

	Noteworthy Facts ………………
	· prefers rocky areas along coast

· can tolerate somewhat lowered salinities

· scale worms often found in ambulacral grooves and/or on body surface


6.  Red Banded Star/Long-armed Star, Orthasterias koehleri
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Kingdom Animalia
Phylum Echinodermata
Subclass Asteroidea

Order Forcipulatida

Family Asteriidae

Genus Orthasterias
	Occurrence ...................................
	· Gulf of Alaska to Channel Islands, California
· sandy, broken shell, and rocky bottomed low intertidal areas to 770 feet deep

	Form/Function .............................
	· to 20 inches in diameter

· relative to central disc, the five arms appear rather long

· top (aboral) surface rosy pink to displaying reddish bands between white cream patches

· prominent, chalky spines white to purple in color (0.1 to 0.2 inches long) extending along arm lateral margins

	Reproduction ...............................
	· males release sperm in response to female-produced pheromone

· sperm and eggs released by sexes into ocean

· fertilization occurs in open ocean

· in five days, fertilized eggs develop into free swimming larvae (part of zooplankton)

· larvae develop into juveniles, which settle on bottom to further develop into adults

· breeding season extends from June to August

	Predators/Prey ...........................
	· predators unknown

· feeds on a wide variety of invertebrate organisms, including snails, limpets, mussels, clams, rock oysters, chitons, abalone, squid, barnacles, crabs, tunicates, and occasionally even fishes

	Noteworthy Facts ………………
	· often host to commensal worms on ray undersides

· lives to at least 9 years (probably longer)


7. Flat Bottom Star, Asterias amurensis
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Kingdom Animalia
Phylum Echinodermata
Subclass Asteroidea

Order Forcipulatida

Family Asteriidae

Genus Asterias
	Occurrence ...................................
	· Sea of Japan and Tatar Strait, in Aniva Bay and off the north Japanese coasts;  abundant north and locally south of the Alaska Peninsula; to British Columbia; in Australian waters; also occurs in the Chukchi Sea
· sublittoral to subtidal; to 700 feet

	Form/Function .............................
	· an extremely variable species; thus, a generalized description is difficult; small specimens differ greatly from large specimens

· body very dorsoventrally flattened

· disk broad

· arms long and flat with a broad base that tapers evenly to a pointed tip

· oral surface very flat

· intermarginal areas broad

· aboral spines small and short

	Reproduction ...............................
	· capable of reproducing at 10 cm

· in Australia, spawning occurs during winter (July to October) at temperatures of 10 – 12 oC when females may carry up to 20 million eggs per adult

· eggs and sperm are released and larval sea stars develop as part of the plankton until, in approximately 90 days, they settle down to the substrate as juveniles

	Predators/Prey ...........…...............
	· prefers to prey upon shellfish and has thus a threat to this industry; will feed on other invertebrates in the northeastern Bering and Chukchi Seas

	Noteworthy Facts ………………
	· juvenile red king crab take refuge among the arms of this species, presumably for protection and/or to feed upon food associated with the host

· native to Japan, Korea, China, and Russia, this sea star has spread to Alaska and western coastal waters of the U.S. as well as to Australia; it is a threat to marine organisms such as bivalves


9.  Brooding Star, Leptasterias hexactis
[image: image11.jpg]



Kingdom Animalia
Phylum Echinodermata
Subclass Asteroidea

Order Forcipulatida

Family Asteriidae

Genus Leptasterias
	Occurrence ...................................
	· Sea of Okhotsk (vicinity of Shantar Islands) to Puget Sound, Alaska to Santa Catalina Island, California
· mid intertidal

	Form/Function .............................
	· with six rays

· drab color, often mottled

· rays fairly long but thick, scarcely tapering

· aboral spines single and very sparse

· aboral skeleton compact and coarse

· crossed pedicellariae forming fairly dense tufts at aboral spine bases

· grows to 4 inches in diameter

	Reproduction ...............................
	· female broods eggs for six to eight weeks by hunching over a rock upon which the eggs have been placed

· hence the name brooding star

	Predators/Prey ...........…...............
	· preys on limpets, snails, barnacles, and other invertebrates

	Noteworthy Facts ………………
	· best known for its ability to brood by the female attaching eggs to the substrate and remaining over them until the eggs hatch some 6 – 8 weeks later


10. Polar Star, Leptasterias polaris
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Kingdom Animalia
Phylum Echinodermata
Subclass Asteroidea

Order Forcipulatida

Family Asteriidae

Genus Leptasterias
	Occurrence ...................................
	· Sea of Okhotsk to Pribilof Islands to Bering Sea to as far north as the Chukchi Sea
· low intertidal to 500 feet

	Form/Function .............................
	· aboral spines of varying length and thickness

· very uneven spiny dorsal side

· rays relatively long and slender; six rays total

	Reproduction ...............................
	· female incubates eggs by holding them in her arms/rays; the characteristic form for holding is that of a spiral

· no larval stage

	Predators/Prey ............................
	· consumes polychaetes, barnacles, barnacles, mollusks, echinoderms, and ascidians

· preyed upon by purple sea stars and probably by certain fishes as well

	Noteworthy Facts ………………
	· certain whelk species have strong escape responses to this predatory sea star


11. Six-armed Sea Star, Leptasterias epichlora
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Kingdom Animalia
Phylum Echinodermata
Subclass Asteroidea

Order Forcipulatida

Family Asteriidae

Genus Leptasterias

	Occurrence ...................................
	· Aleutian islands, Alaska to Vancouver island, British Columbia
· mid and low intertidal waters to 150 feet deep

	Form/Function .............................
	· up to 4 inches diameter

· six short, stout arms

· variable color on top (aboral) surface; usually a mottled blue gray, indigo, dark green, or black

	Reproduction ...............................
	· a brooding species of sea star

· some 500, large (1 mm diameter), orange, yolky eggs are maintained at the females oral surface until hatching

· female assumes a hunched position, her central disk held above the substrate, while brooding

· appears not to feed at this time

	Noteworthy Facts ………………
	· can tolerate lower salinities that sometimes occur along coast lines


11.  Black Spined Star, Lethasterias nanimensis
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Kingdom Animalia
Phylum Echinodermata
Subclass Asteroidea

Order Forcipulitida

Family Asteriidae

Genus Lethasterias

	Occurrence ...................................
	· Sea of Japan, east coast of Kamchatka, Sea of Okhotsk, Bering Sea up to Bering Strait, south to Kodiak Island, Aleutian Islands, and British Columbia; also occurs in th Chukchi Sea, and abundantly so in some areas
· sublittoral; 70 to 780 feet

	Form/Function .............................
	· disk small

· rays long and flexible; five in number

· spines on aboral side singly and evenly spaced

· aboral side brownish gray with black spines; orally paler

	Reproduction ...............................
	· unknown or information unavailable

	Predators/Prey ...........…...............
	· in the Chukchi Sea it feeds on gastropods, bivalves, sand dollars, and probably other invertebrates as well

	Noteworthy Facts ………………
	· a large star reaching 24 inches in diameter


12.  Mud Star, Ctenodiscus crispatus
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Kingdom Animalia
Phylum Echinodermata
Subclass Asteroidea

Order Valvatida

Family Goniopectinidae

Genus Ctenodiscus
	Occurrence ...................................
	· occurs in, but may not be restricted to, Alaskan waters
· subtidal, 35 – 6,200 feet

	Form/Function .............................
	· a small sea star

· aboral surface color gray or yellowish

· five (rarely four or six) short arms, each reaching a length of up to 2.1 inches

· oral side is lighter, with shades of light orange

· ambulacrals possess an oblique series of three to five sharp furrow spines

· tube feet large and pointed

· prominent mouth plates

	Reproduction ...............................
	· unknown or information unavailable

	Noteworthy Facts ………………
	· obtains nutrients from organic matter (including small worms and bivalves residing in the mud)

· a small sea star


13.  Rose Star, Crossaster papposus
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Kingdom Animalia
Phylum Echinodermata
Subclass Asteroidea

Order Valatida

Family Solasteridae

Genus Crossaster
	Occurrence ...................................
	· circumpolar distribution
· in eastern Pacific, it ranges from the Chukchi Sea to Puget Sound, Washington
· rocky areas of extreme low intertidal to muddy gravel bottoms down to 1080 feet deep

	Form/Function .............................
	· 12 inch diameter

· top (aboral) surface has concentric wings colored red and white, sometimes yellow or orange

· 8 to 16 rather short arms

· have a stiff, prickly appearance as a result of columnar erectile structures (called paxillae), each of which contains up to 50 slender, small spines

	Reproduction ...............................
	· females and males release eggs and sperm into ocean

· yolky, fertilized eggs maintain developing larvae for about 20 days until larvae become juveniles and settle on bottom to further develop into adults

	Predators/Prey ............................
	· preyed upon by sunflower star and morning sun star

· feeds upon sea anemones, sea pens, sea slugs, bryozoans, tunicates, nudibranchs, bivalves, and occasionally small sea stars

	Noteworthy Facts ………………
	· can move at a rate of 28 inches/minute in pursuit of prey

· lives up to at least 20 years


14. [image: image17.jpg]


 Sunflower Star, Pycnopodia helianthoides
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Kingdom Animalia
Phylum Echinodermata
Subclass Asteroidea

Order Forcipulatida

Family Asteriidae

Genus Pycnopodia
	Occurrence ...................................
	· from Unalaska Island, Alaska to Baja California, Mexico
· low intertidal to 1435 feet deep

	Form/Function .............................
	· to 3 feet in diameter

· adults have up to 24 soft, flabby arms

· juveniles begin with five arms

· central disk is soft and floppy

· much larger than in other sea stars

· color is orange with tufts of purple papulae (respiratory structures on top surface); some papulae may be yellowish, reddish, or reddish brown

	Reproduction ...............................
	· spawn March to July

· females and males release eggs and sperm into ocean

· fertilized eggs maintain developing larvae until larvae become juveniles and settle on bottom to further develop into adults

	Predators/Prey ............................
	· preyed upon by red king crabs, and graceful rock crabs

· also preyed upon by glaucous-winged gulls during winter months

· feeds upon chitons, bivalves, snails, barnacles, various crabs (including hermit crabs), sea urchins, other sea stars, sea cucumbers, and sand dollars

· consumes prey items whole

	Noteworthy Facts ………………
	· among north Pacific sea stars, the sunflower star is the heaviest, softest, and fastest

· can move 5 to 10 feet/minute (!)

· populations of sunflower stars can be very mobile

· when two of this species encounter one another, they can show intolerance by flailing one another with their tube feet

· such confrontations end by the two individuals moving away from one another

· will attack and take prey items away from other sea star species

· abalones, cockles, scallops, sea cucumbers and other sunflower sea star prey species have developed vigorous escape responses to encounters with sunflower sea stars


16. Vermilion Star, Mediaster aequalis
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Kindom Animalia
Phylum Echinodermata
Subclass Asteroidea

Order Valvatida

Family Goniasteridae

Genus Mediaster

	Occurrence ...................................
	· Chignik Bay (Alaskan Peninsula), Alaska to southern California
· low intertidal waters to 960 feet deep; common on rocks, shells, sand, gravel, pebbles, and mud

	Form/Function .............................
	· up to 8 inches diameter

· top (aboral) surface bright reddish orange, oral side lighter in color

· tube feet red to pinkish

· the five arms have distinct marginal plates that lack spines

	Reproduction ...............................
	· spawning occurs in spring

· females and males release eggs and sperm into ocean

· bright orange, yolky, fertilized eggs maintain developing larvae until larvae become juveniles and settle on bottom to further develop into adults

	Predators/Prey .......…...................
	· preyed upon by morning sun star

· an omnivorous sea star

· consumes detritus from mud, dead animals, algae, encrusting sponges, bryozoans, sea pens, and sea squirts


	Noteworthy Facts ………………
	· barnacles of genus Dendrogaster parasitize internal tissues of this sea star


17. Bat Star, Patiria miniata
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Kingdom Animalia
Phylum Echinodermata
Subclass Ateroidea

Order Valvatida

Family Asterinidae

Genus Patiria

	Occurrence ...................................
	· Sitka, Alaska to Baja California, Mexico
· low intertidal to almost 1000 feet deep

	Form/Function .............................
	· five arms broadly joined to a wide central disc

· top (aboral) side of bat star has sandpaper-like structure

· bright orange to deep red in color

· some mottled, yellowish, brown, gray, and black forms occur as well

· lacks spines

	Reproduction ...............................
	· spawning occurs May through July

· spawn when exposed to air for one to several hours

· females and males shed gametes directly into the sea when covered by tide

· eggs hatch and become zooplanktonic larvae

· planktonic larvae develop into juveniles, which settle on bottom and further develop into adults

	Predators/Prey .......…...................
	· preyed upon by sea gulls and sea otters

· an omnivore, it consumes surf grasses, various algal species, sponges, and sea urchins

	Noteworthy Facts ………………
	· bat star lacks ability to open clams and other bivalves; instead it everts the stomach directly onto the prey to consume it

· competes for space by pushing other Patiria with arms

· a small polychaete, Ophiodromus, lives in the oral surface, especially in the ambulacral grooves


18. [image: image22.jpg]


 Fish-eating Star, Stylasterias forreri
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Kingdom Animalia
Phylum Echinodermata
Subclass Asteroidea

Order Forcipulatida

Family Asteriidae 
Genus Stylasterias

	Occurrence ...................................
	· Southeastern Alaska to southern California
· subtidal (50 to 1500 feet deep); never found intertidally

	Form/Function .............................
	· up to 15 inches diameter

· common form has black epidermis and white spines

· some forms of a grayish black color

· body spiny and fragile

· each spine surrounded by many pedicellariae

· the five, small, and slender arms extend from a relatively small central disc

	Reproduction ...............................
	· unknown

	Predators/Prey ...........…...............
	· predators unknown

· primarily feeds on gastrpopods and chitons

· can trap small fishes by means of pedicellariae on aboral surface

	Noteworthy Facts ………………
	· can eat small fishes

· a commensal scale worm occurs on the body and in the ambulacral groove


19.   Cushion Star, Pteraster tesselatus
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Kingdom Animalia
Phylum Echinodermata
Subclass Asteroidea

Order Spinulosida

Family Pterasteridae

Genus Pteraster
	Occurrence ...................................
	· Japan through Bering Sea to California
· low intertidal

	Form/Function .............................
	· thickness approximately equal to one third the diameter

· aboral surface without a conspicuous and elevated central opening

· madreporite not visible

· color of aboral surface generally pale orange or brownish yellow

· when first collected secretes a great amount of gelatinous mucus

· disk more or less flattened

· rays merge with one another such that the entire animal’s shape is pentagonal

	Reproduction ...............................
	· reproduction occurs continuously as females pump eggs out of the body and males release sperm in response

· fertilized eggs (1.5 mm diameter) are bright orange or yellow and float to the surface

· each egg is coated in a jelly-like substance

· larvae hatch out and become part of the plankton for thirty days, during which time the five arms develop

· after thirty days the planktonic larvae become juveniles as they settle down to the substrate and begin moving about

	Predators/Prey .......…...................
	· feed primarily  upon sponges

	Noteworthy Facts ………………
	· when threatened these stars exude a mucus over their body which apparently contains an irritant that wards off would-be predators


20.  Sand Star, Luidia foliolata
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Kingdom Animalia
Phylum Echinodermata
Subclass Asteroidea

Order Platyasterida

Family Luidiidae

Genus Luidia
	Occurrence ...................................
	· occurs in, but perhaps not limited to, Alaskan waters
· intertidal or subtidal to 660 feet

	Form/Function .............................
	· with five rays; ray diameter often greater than 4 inches

· rays bordered by plates along the sides that are not apparent when viewed from directly above

· tube feet pointed and without suckers

	Reproduction ...............................
	· in British Columbia spawning occurs in spring

· transparent ova are approximately 0.15 mm diameter

· metamorphosis from larva to juvenile occurs four months after fertilization

· juveniles are about 0.73 mm diameter, have five complete arms, and a pair of tube feet on each arm

	Predators/Prey .......…...................
	· unknown or information unavailable

· studies on a related species, L. sarsi, in European waters found that the diet is dominated by echinoderms (i.e., brittle stars, a species of Asterias, and a sea urchin); in addition, they also consumed polychaetes, some mollusks, some mollusks, and crustaceans (probably amphipods); it is reasonable to assume that L. foliolata has a characteristically similar diet

	Noteworthy Facts …………….…
	· found on muddy or sandy habitats


21.   Arctic Cookie Star, Ceramaster arcticus
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Kingdom Animalia
Phylum Echinodermata
Subclass Asteroidea

Order Valvatida

Family Goniasteridae

Genus Ceramaster
	Occurrence ...................................
	· Bering Sea to Kodiak, Alaska to British Columbia
· intertidal to 600 feet deep
· resides among rocks in shallow waters and on mud in deeper parts of range

	Form/Function .............................
	· up to 4.5 inches diameter

· pale orange color with red patches

· small and pentagonal

· stiff, firm to touch

· top (aboral) surface covered in plates of hexagonal shape

· margins of arm contain granules of variable sizes

	Reproduction ...............................
	· unknown

	Predators/Prey ...........…...............
	· unknown

	Noteworthy Facts ………………
	· a small but attractive star


22.   Cookie Star, Ceramaster patagonicus
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Kingdom Animalia
Phylum Echinodermata
Subclass Asteroidea

Order Valvatida

Family Goniastridae

Genus Ceramaster

	Occurrence ...................................
	· Bering Sea to Cape Horn, South America
· intertidal to 800 feet deep
· occurs on rocks or mud

	Form/Function .............................
	· up to 3.5 inch diameter

· top (aboral) surface often swollen and soft to touch in living example

· hexagonal plates on top (aboral) arm side

· creamy-orange to red-orange on top (aboral) side

· pale yellow on bottom (oral) side

	Reproduction ...............................
	· unknown or information unavailable

	Predators/Prey ...........…...............
	· unknown or information unavailable

	Noteworthy Facts ………………
	· differs from Ceramaster arcticus in being larger and having more granules on aboral plates


23.   Gunpowder Star, Gephyreaster swifti
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Kingdom Animalia
Phylum Echinodermata
Subclass Asteroidea

Order Valvatida

Family Radiasteridae

Genus Gephyreaster
	Occurrence ...................................
	· Bering Sea to Aleutian Islands to Washington
· 200  to 1200 feet

	Form/Function .............................
	· a very large star (12 inch diameter) with an exceptionally broad disk

· aboral surface with numerous paxillae that consist of numerous, granule-like spines

· five stout, very blunt rays

· large granules on entire aboral surface

	Reproduction ...............................
	· unknown or information unavailable

	Predators/Prey ...........................
	· unknown or information unavailable

	Noteworthy Facts ………………
	· an apparently rare species


24.   Purple Sun Star/Smooth Sun Star, Solaster endeca
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Kingdom Animalia
Phylum Echinodermata
Subclass Asteroidea

Order Spinulosida

Family Solasteridae

Genus Solaster

	Occurrence ...................................
	· Widespread circumboreal species; in North Atlantic (extending from Norwegian coast to Atlantic coast of North America) and north Pacific (Commander Islands southeast of the Bering Sea, to Chukchi Sea, south to Vancouver and Puget Sound)
· low intertidal to 900 feet

	Form/Function .............................
	· to 12 inch diameter

· 9 – 13 rays, but typically has 10

· disk very broad

· ray length variable, but generally short, basally very broad, and thick

	Reproduction ...............................
	· development direct without a free living larval stage

	Predators/Prey ..............................
	· diet appears to be largely restricted to that of eating other echinoderms, but will consume some mollusks

	Noteworthy Facts ………………
	· has been known to eat out the fleshy viscera of sea urchins


25.   Morning Sun Star, Solaster dawsoni
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Kingdom Animalia
Phylum Echinodermata
Subclass Asteroidea

Order Spinulosida

Family Solasteridae

Genus Solaster
	Occurrence ..................................
	· Point Franklin (Chuckchi Sea, Alaska) to Monterey Bay, California
· intertidal to 1200 feet
· occurs on rocky substrates

	Form/Function .............................
	· up to 12 inches in diameter

· 12 to 13 arms

· aboral coloration brown, gray, or yellow; less often bright red or orange or dull yellow

· sometimes area around the disk is darker

· disc is slightly raised

	Reproduction ...............................
	· unknown or information unavailable

	Predators/Prey .......…...................
	· a carnivore that preys mainly on other sea stars but also feeds on sea cucumbers and occasionally nudibranchs

· all sea star species preyed upon have escape responses when contacted by the morning sun star; they bend their arms back and push the attacker off while rapidly moving away

	Noteworthy Facts ………………
	· a very multi-armed attractive species


26.   Stimpson’s Sun Star, Solaster stimpsoni
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Kingdom Animalia
Physlum Echinodermata
Subclass Asteroidea

Order Spinulosida

Family Solasteridae

Genus Solaster
	Occurrence ...................................
	· southern Bering sea to Sonoma County, California, and Japan
· found on rocks and other surfaces of low intertidal waters to 2000 feet deep

	Form/Function .............................
	· up to 20 inches in diameter

· 9 to 12 long, slender tapering arms; usually 10 present

· top (aboral) surface red, orange, pink, or blue, always containing a dark, purple-blue stripe running from a patch on the central disk to down each arm

	Reproduction ...............................
	· spawning occurs in spring

· females and males release eggs and sperm into ocean

· greenish-yellow, yolky, fertilized eggs maintain developing larvae until larvae become juveniles and settle on bottom to further develop into adults

	Predators/Prey ..............................
	· preyed upon by morning sun star

· eats sea cucumbers, sea squirts, and sea pens

· not known to eat other sea stars

	Noteworthy Facts ………………
	· scaleworms reside within ambulacral grooves

· a barnacle, genus Dendrogaster, can live parasitically within Simpson’s sun star tissues


Subclass Ophiuroidea
· this subclass contains those echinoderms referred to as basket stars and brittle stars

· 2000 described species; largest Echinoderm group

· inhabit practically all marine habitats

· often found in soft-bottomed areas

· compared to subclass Asteroidea (the sea stars), Ophiuroidean arms are more distinctly set off from central disc

· lack ambulacral grooves (these are present in the Asteroidea)

· lack pedicellariae and papulae

· central disc about 0.5 to slightly over 1 inch in diameter in the brittle stars; up to 5 inch diameter in the basket stars

· is flattened; has pentagonal shape

· many different colors; often arms are banded in different colors

· typically only five arms present

· in basket stars the arms branch at base or farther from the central disc

· mouth (on bottom, or oral, side) is surrounded by a complex series of plates

· these form jaws that bear tooth-like structures

· plates facilitate chewing

· the esophagus connects the mouth with a large, saclike stomach which fills most of the interior disc
· in most ophiuroids the stomach margins are are extended into ten pouches
· skeleton comprised of calcium carbonate plates called ossicles

· these are overlain and connected by muscle bands, which are in turn covered by a thin epidermis (skin)
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Top (aboral)                                     Bottom (oral)

Fig. XIV. 4.  Top (aboral) and Bottom (oral) Sides of a Brittle Star

· bottom (oral) side has tube feet

· are among the most mobile of all Echinoderms

· some species form mucus-lined burrows

· are scavengers, predators, deposit feeders, or suspension feeders
· nervous system developed such that each arm contains a nervous center; these centers coordinate with one another to realize movements

· no specialized sense organs present

· can lose an arm if seized by a predator (hence the popular name brittle stars); arms are regenerated later

· sexes separate in most species

· however, some hermaphroditic (both sexes in one individual) species do exist

· usually eggs and sperm are released into ocean and fertilization occurs there

· larvae then become part of zooplankton until they develop into juveniles that will settle down on the bottom to further develop into adults

· brooding occurs in some genera

· in this case, some of the larvae develop within the central disc of the female until they become juveniles, at which time they leave female and settle down upon the bottom to further develop into adults

· gas exchange made possible by 10 internal sacs called bursae
· internally, each bursa (singular) is lodged between two stomach pouches

· bursae are connected to outside by means of a slit extending from the oral side of the disc arm margins

· the two sides of the slit typically join in the middle to form two openings

· cilia in the bursae create a water current that enters the peripheral slit end, passes through the bursa, and exits out of the oral slit end

· this ensures that oxygen-rich water enters the bursae so that gas exchange (respiration) can occur

27.   Gray Brittle Star, Ophiura lutkeni
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Kingdom Animalia
Phylum Echinodermata
Subclass Ophiuroidea

Order Chilophiurina

Family Ophiuridae

Genus Ophiura
	Occurrence ...................................
	· Alaska to Mexico
· intertidal and subtidal sandy to muddy environments

	Form/Function .............................
	· spines of arm combs contiguous with truncate tip

· oral shields widest near their middle portions

· spines of arm combs generally not more than three times as long as wide, having blunt or truncate tips aboral surface color usually gray, a shade of gray, bluish gray, greenish gray, or, rarely, reddish

· aboral surface of disk having apparent marginal notches into which the arms are inserted

· an arm comb borders each such notch

	Reproduction ...............................
	· females and males release eggs and sperm into ocean; fertilized eggs become zooplanktonic larvae which develop into juveniles

· juveniles live on bottom and develop into adults

	Predators/Prey .......…...................
	· flexibility of arms enables prey capture via a lassoing-type gesticulations
· probably feeds like the European Ophiura ophiura (=texturata) that is an omnivore that feeds on any small benthic organisms including polychaetes, crustaceans, bivalves, gastropods and ophiuroids
· preyed upn by Dover Sole (Microstomus pacificus), copper rockfish (Sebastes caurinus), and the sand star (Luidia foliata)

	Noteworthy Facts ………………
	· called brittle stars because they rather readily shed an arm if seized by a would-be predator; arm will be regenerated

· this brittle star responds to the presence of L. foliata by creating a rowing motion with its arms that enables it to escape


28.   Daisy Brittle Star, Ophiopholis aculeata
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Kingdom Animalia
Phylum Echinodermata
Subclass Ophiuroidea

Order Ophiurida

Family Ophiactidae

Genus Ophiopholis
	Occurrence ...................................
	· Southern Bering Sea to Santa Barbara, California; in Arctic Ocean and North Atlantic as well
· intertidal waters to 5435 feet deep
· prefers strong currents

	Form/Function .............................
	· central disc diameter may reach almost one inch long

· disc appears fat and scalloped with bulges between ray bases

· relatively broad, spiny arms

· extremely variable color patterns; top (aboral) side frequently pink, red, orange, blue, green, gray, or black with mottled patterns; streaks also common

· bottom whitish

	Reproduction ...............................
	· females and males release eggs and sperm into ocean; fertilized eggs become zooplanktonic larvae, which develop into juveniles

· juveniles live on bottom and develop into adults

	Predators/Prey ..............................
	· its food is mainly detrital material; however, it may occasionally use the arm-loop capture method characteristic of Ophiura species
· preyed upon by various ground fish species, which nip off arms but will consume entire brittle star if the opportunity to do so presents itself


	Noteworthy Facts ………………
	· suspension feed by capturing particulate matter with tube feet; also scavenge organic matter off of bottom with tube feet

· it has been suggested that the variance in color may confuse would-be predators such as gulls, which may be cued in on a color search pattern while scanning shallow waters for food

· at low tides, daisy brittle stars are typically found beneath rocks and boulders

· tolerates wide range of water temperatures and bottom types
· during spawning it raises the disc off the substrate and pushes other brittle stars away


29.   Basket Star, Gorgonocephalus caryi (= G. eucnemis)
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Kingdom Animalia
Phylum Echinodermata
Class Ophiuroidea

Order Phrynophiurida

Family Gorgonocephalidae

Genus Gorgonocephalus
	Occurrence ...................................
	· west coast of North America from Alaska to California, the Bering and Chukchi Seas to the Sea of Japan, Okhotsk Sea, Laptev Sea, across the Arctic to Greenland, Finmark, Spitzbergen, south to Cape Cod
· subtidal, rocky areas with strong currents to 6600 feet deep, typically 45 to 450 feet

	Form/Function .............................
	· inclusive of arms, up to 18 inches in diameter

· the five arms branch profusely to cause the animal to take on an appearance that can be described as a flattened, leafless bush

· color is white to tan or beige with mottled pattern of orange-red or pink

· very flexible arms (even more so than in brittle stars) can be coiled very tightly to capture prey items in a lasso-like manner

	Reproduction ...............................
	· females and males release eggs and sperm into ocean; fertilized eggs become zooplanktonic larvae, which develop into juveniles

· juveniles live on bottom and develop into adults

	Predators/Prey ...........................
	· not known what organisms prey upon basket stars folding/coiling
· attach to the substrate with some of their arms and extend the others facing the water current; plankton caught on the hooks of the arms are rolled up in strings of mucus and transferred to the mouth via arm folding and coiling
· mainly traps small crustaceans, arrow worms, and occasionally small medusae and fish larvae

	Noteworthy Facts ………………
	· arms easily broken through rough handling; this is an escape mechanism from would-be predators

· young basket stars often found in association with soft corals


Class Echinoidea

· sea urchins, heart urchins, and sand dollars

· 900 described species

· name means “like a hedgehog”

· outside of body adorned with in spines

· lacks arms of asteroids and ophiuroids

· body shape circular to oval, spherical to greatly compressed along the oral-aboral axis

· ossicles (calcium carbonate structures forming skeletons of Echinoderms) are flattened and sutured together to form a solid case
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Fig. XIV. 5.  Sea Urchin Internal and External Anatomy (note spines)

· sea urchins characteristics

· are called regular echinoids

· body approximately spherical in shape

· colors range from brown to black to purple to green to white to red; some examples are multicolored

· diameter typically 2.5 to 5 inches

· body divides into two hemispheres

1.  Oral Pole: the “underneath” hemisphere, this hemisphere contains the mouth, from which protrude five calcium carbonate teeth

2.  Aboral Pole: the top pole region is anal area

· spherical body divides into ten radial sections

· five of these sections, called ambulacral areas, contain tube feet

· interambulacral areas occur between ambulacral areas and lack tube feet

· these five ambulacral and interambulacral areas converge at both poles

· ambulacral and interambulacral areas both bear moveable spines; these are distributed more or less equally among the two areas

· spines longest at equatorial region and shortest at poles

· muscle fibers encircling the spherical “shell” (test) of the animal enable the spines to be moved

· spines typically taper to a point

· both spines and tube feet enable sea urchins to move

· pedicellariae, small jaw-like structures, are located over the general body surface; these structures are used primarily for defense and cleaning the body

· muscles at the base of the pedicallariae stalks direct their elevation and direction of movement
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Fig. XIV. 6. Magnified View of a section of Sea Urchin Spines and Pedicellariae

· sea urchin movement is closely related to feeding

· most urchins are adapted to live on hard bottoms or rocks

· burrowing is a behavior that seems to counteract excessive wave action

· possess a water vascular system very similar to that already described for sea stars

· sea urchins feed with a specialized scraping apparatus called Aristotle’s lantern
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Fig. XIV. 7. Aristotle’s lantern

· located immediately around the aboral to oral pole, this internal structure, Aristotle’s lantern, consists of five large calcareous “teeth” arranged into a cylindrical-like structure that tapers towards the oral pole end of the animal

· the teeth protrude through the mouth and their movements are controlled by muscles

· most sea urchins are grazers and use their “teeth” to consume organic matter (e.g., algae) from the surface of the substrate

· nervous system basically similar to that already described for Asteroids

· sexes are separate, although indistinguishable through examination of external morphology
· sperm and eggs are released into ocean where fertilization occurs

· some species brood eggs

· fertilized eggs become zooplankton that develop into juveniles which live on the bottom and subsequently develop into adults

Regular Echinoids/Sea Urchins Maintained at the AlaskaSea Life Center

30.   Green sea Urchin, Strongylocentrotus droebachiensis
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Kingdom Animalia
Phylum Echinodermata
Class Echinoidea

Order Echinoida

Family Strongylocentrotidae

Genus Strongylocentrotus
	Occurrence ...................................
	· Arctic Alaska to Washington State; circumpolar distribution in northern hemisphere
· low intertidal rocky shores, kelp bed waters, down  to 3800 feet

	Form/Function .............................
	· “shell” (test) up to 3.5 inches wide and 1.5 inches high

· spines short and slender

· color of spines and “shell” (test) usually green

· flesh appears dark purple to reddish

	Reproduction ...............................
	· females and males release eggs and sperm into ocean; fertilized eggs become zooplanktonic larvae, which develop into juveniles

· juveniles live on bottom and develop into adults

	Predators/Prey ..............................
	· preyed upon by sunflower and morning sun stars, otters, ducks, crows, ravens, various gulls, large sea anemones, various crabs, humans

· grazes upon algae (especially kelp) but also consumes detritus; can scavenge and absorb organic substances from sea water

· under starvation conditions, can reduce metabolism and reabsorb portions of body

	Noteworthy Facts ………………
	· smallest intertidal sea urchin of Alaskan coastal waters

· large numbers of these urchins can entirely strip rocky areas of their algae and offshore areas of their kelp; this urchin has thus earned a notorious reputation for such activity

· use chemical cues to avoid predators and locate food sources

· sea otters predation can greatly reduce the number of green sea urchins residing in kelp beds


31.  Purple Sea Urchin, Strongylocentrotus purpuratus
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Kingdom Animalia
Phylum Echinodermata
Class Echinoidea

Order Echinoida

Family Strongylocentrotidae

Genus Strongylocentrotus

	Occurrence ...................................
	· Vancouver island (only Alaska occurrence), British Columbia to Isla Cedros, Baja California
· lower intertidal to subtidal; to 500 feet

	Form/Function .............................
	· “shell” (test) up to 4 inches in diameter (more typically 2 inches)

· in life the body and spines are a typically bright purple or, occasionally, pale green or greenish tinged with purple

	Reproduction ...............................
	· become sexually mature during second year

· from Washington to Baja California, spawning occurs during the first 3 months of the year(however, some ripe females are still found into July)

· sexes are separate, though occasionally hermaphrodites are found

· eggs and sperm are released and fertilized eggs develop into larvae

· after larval metamorphosis into juvenile stage, growth is slow

· large specimens may be from 10 to 30 years old

	Predators/Prey ............................
	· feed upon brown and red algae and kelp
· pedicellaria used to collect food (algal fragments)

· preyed upon by sea stars (Dermasterias, Pycnopodia, Pisaster ochraceus, Astrometis), some bottom fishes (mainly Pimelometon on the sheepshead), and the sea otter

	Noteworthy Facts ………………
	· one of the best  studied sea urchins in the world, the gametes have been widely studied and used in demonstrations of fertilization and cleavage in the classroom

· teeth are completely renewed every 75 days; this is necessary as individuals are capable of “forming burrows and depressions in rocks with these teeth
· pedicellaria used as protection from predators


32. Red Sea Urchin, Strongylocentrotus franciscanus
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Kingdom Animalia
Phylum Echinodermata
Class Echinoidea

Order Echinoida

Family Strongylocentrotidae


Genus Strongylocentrotus
	Occurrence ...................................
	· Kodiak Island, Alaska to Baja California, Mexico; also northern Japan
· low intertidal to 300 feet deep

	Form/Function .............................
	· “shell” (test) up to 6 inches in diameter and 2 inches high

· dark red to maroon color

· spines pinkish, reddish, orange, or reddish purple

· tube feet are long and darkly colored

	Reproduction ...............................
	· females and males release eggs and sperm into ocean; fertilized eggs become zooplanktonic larvae, which develop into juveniles

· juveniles live on bottom and develop into adults

	Predators/Prey .............................
	· preyed upon by sunflower, leather, and bat stars, sea otters, various crabs, and humans

· sea otter predation has reduced their numbers in recent years so as to make commercial harvesting impractical
· feeds on brown and red algae, particularly kelp of the genus Macrocystis; can thus decimate kelp beds

	Noteworthy Facts ………………
	· largest sea urchin of North America’s west coast

· when under attack by the sunflower star, smaller red sea urchins attempt to shuffle away by using their spines

· larger specimens (2 inches or larger) lose this ability as they are too large to be consumed

· large numbers of red sea urchins will decimate offshore kelp beds; sea stars, mainly genus Pycnopodia, can lower urchin population levels
· has numerous pedicellaria


Class Echinoidea (continued)

· sand dollars, heart urchins, and cake urchins

· called irregular echinoids

· symmetry bilateral or irregular

· most are adapted as burrowers and thus live within the sandy substrate

· sand dollars typically burrow just beneath sand surface

· spines are much smaller but more numerous than in regular urchins

· mouth on oral (bottom) surface at front end of the animal

· anus on upper (aboral) surface at posterior end

· functional podia (“feet”, similar to tube feet) occur on top (aboral) and bottom (oral) surfaces; margins of body lack podia

· petal-shaped areas on top (aboral) surface are called petaloids
· these are respiratory structures

· phyllodes are the petaloid equivalent occurring on the oral side of the animal

· function as areas for obtaining food

· very specialized tiny ciliated spines called clavules occur in tracts along the irregular urchin surface and are believed to produce water currents that aid in secreting large amounts of mucus to maintain burrow

· some species feed upon organic matter found in the sand while burrowing; other species suspension feed
· Aristotle’s lantern lacking

· nervous system, water vascular system, and reproduction similar to that already described above for regular urchins
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Fig. XIV. 8.  Sand Dollar

Irregular Echinoids/Sand Dollars Maintained at the Alaska Sea Life Center

33.   Eccentric Sand Dollar, Dendraster excentricus
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Kingdom Animalia
Phylum Echinodermata
Class Echinoidea

Order Clypeasteroida

Family Dendrasteridae

Genus Dendraster
	Occurrence ...................................
	· Juneau, Alaska to Baja California, Mexico
· usually subtidal, but occasionally in sheltered and open habitats of intertidal waters

	Form/Function .............................
	· up to 4 inches in diameter and 0.25 inch high

· “shell” (test) almost circular; very flattened

· five “petals” (petaloids) on upper (aboral) surface form a star/flower-like pattern

	Reproduction ...............................
	· females and males release eggs and sperm into ocean; fertilized eggs become zooplanktonic larvae, which develop into juveniles

· juveniles live on bottom and develop into adults

	Predators/Prey ............................
	· preyed upon by starry flounder and probably other flatfish species as well

· a suspension feeder, it consumes organic material present in water currents

	Noteworthy Facts ………………
	· “shell” (test) commonly found washed up on beach

· typically buries itself in the substrate by piling up sand into a mound by means of tube feet and then moves into the

· mound with its spines

· can also move on top of sand surface
· though not maintained as a live specimen at the ASLC, this species is only present in southeastern Alaska waters to Juneau


34.   Common Sand Dollar, Echinarachnius parma
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Kingdom Animalia
Phylum Echinodermata
Class Echinoidea

Order Clypeasteroida

Family Echinarachniidae

Genus Echinarachnius
	Occurrence ...................................
	· circumpolar:  in Pacific Alaska to Siberia to Japan; in Atlantic, New Jersey to north along east coast of North America
· intertidal to subtidal

	Form/Function .............................
	· adults from 2 to 4 inches in diameter

· “shell” (test) almost circular; very flattened

· five “petals” (petaloids) on upper (aboral) surface form a star/flower-like pattern

	Reproduction ...............................
	· females and males release eggs and sperm into ocean; fertilized eggs become zooplanktonic larvae, which develop into juveniles

· juveniles live on bottom and develop into adults

	Predators/Prey ............................
	· preyed upon by some bony fishes (notably eel pouts) and sea stars

	Noteworthy Facts ………………
	· feed upon organic material encountered within sediment in which this sand dollar burrows

· “shell” (test) commonly found washed up on beach

· typically buries itself in the substrate by piling up sand into a mound by means of tube feet and then moves into the mound with its spines

· can also move on top of sand surface

· a very common sand dollar of Alaskan waters


Phylum Echinodermata (continued)

Class Holothuroidea, the sea cucumbers

· 900 described species

· features in common with sea urchins and sand dollars

· lack arms

· anus and mouth at opposite poles of animal

· unlike other Echinoderms, the sea cucumbers are greatly lengthened along their polar axis

· also unlike other Echinoderms in that the ossicles (calcium carbonate skeletal structures) of most genera have been reduced to microscopic size

· a few genera have a protective armor of calcareous plates embedded in the body wall
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Fig. XIV. 9.  Sea Cucumber (note tube feet)

· animal lies upon substrate with one side of body

· most are colored black, brown, or olive green; some are rose, orange, or violet and may be striped

· smallest species about 1 inch long, largest species over three feet long

· body shape varies from practically  spherical to wormlike

· body surface usually leathery

· ventral area contains three grooved (ambulacral) regions and form what is called the sole

· dorsal surface has two ambulacral areas

· podia (tube feet) may be present on both dorsal and ventral ambulacral regions, but functional podia are usually found only on the creeping sole

· mouth is surrounded by 10 to 30 tentacles

· as part of the water vascular system, these can be completely retracted

· the thick skin, itself filled with many, many microscopic ossicles, is covered in a thin cuticle

· circular and longitudinal muscle tissues occur beneath the skin

· are generally sluggish animals living on bottom surface or burrowing

· are chiefly deposit or suspension feeders

· mucus on tentacles traps organic matter as the tentacles are swept over the bottom or hold them out in the water

· each tentacle is then individually brought into the mouth and “wiped off” so that the trapped organic matter may be digested

· water vascular system and nervous system similar to those already described for Echinoderms in general

· gas exchange (respiration) occurs via a system of two respiratory trees located within the coelom and on the right and left sides of the digestive tract; each such tree is comprised of a main truck and many branches; sea water is pumped into the body and directed through the respiratory trees; this enables oxygen to diffuse into oxygen-poor body fluids while carbon dioxide diffuses into the respiratory tree water from those oxygen-poor fluids; the carbon dioxide-enriched water is then expelled from the respiratory tree and out of the animal

· sexes are separate in most species, though some hermaphroditic forms exist

· a gonad (believed to be a primitive feature of Echinoderms) produces sperm (males) or eggs (females)

· some 30 brooding species are known

· fertilized eggs may be brooded beneath the sole or, in some species, actually within the body cavity itself (!)

· some species evade predation by ejecting their internal organs, thus leaving these structures to the predator while the remainder of the sea cucumber body moves off out of danger to regenerate the lost organs

Sea Cucumber Maintained at the Alaska Sea Life Center

35.   California Sea Cucumber, Parastichopus californicus
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Kingdom Animalia
Phylum Echinodermata
Class Holothuroidea

Order Aspidochirotida

Family Stichopodidae

Genus Parastichopus
	Occurrence ...................................
	· Gulf of Alaska to Baja California, Mexico
· low intertidal waters to 270 feet deep, it prefers protected bays and other areas protected from strong wave action
· occurs on pilings or on sea bottom

	Form/Function .............................
	· up to 20 inches long in their relaxed state (shorter if disturbed)

· large conical projections (papillae) on surface of organism

· mottled brown-red body on upper and lateral surfaces with a lighter, cream-colored underside

	Reproduction ...............................
	· separate sexes reach maturity at 4 years

· gametes (sperm or eggs) are released by raising front one third of the body and waving it from side to side

· a form of  “pseudocopulation” occurs in which the spawning adults wrap around one another and release gametes into the ocean

· fertilized eggs develop into larvae and become part of the zooplankton; larvae develop into juveniles, which live on the bottom and develop into adults

	Predators/Prey ...........…...............
	· preyed upon by various species of sea stars (Pycnopodia and Solaster), fishes, sea otters, and humans

· deposit feed on organic matter or very small organisms that occur in the substratum

	Noteworthy Facts ………………
	· largest sea cucumber of the northwest Pacific

· commercially harvested to obtain muscle strips from body

· gives characteristic escape response to sea star predators, “looping” short distances on the bottom by flexing its body like an oversized inchworm

· a scale worm sometimes resides in the body wall


36. Armored Sea Cucumber, Psolus chitonoides
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Kingdom Animalia
Phylum Echinodermata
Class Holothuroidea

Order Dendrochirotida

Family Psolidae

Genus Psolus
	Occurrence ...................................
	· Aleutian islands, Alaska to Baja California, Mexico
· low intertidal waters to 850 feet

	Form/Function .............................
	· oval body up to 5 inches long and 2.3 inches wide

· dorsal portion domed and covered in rigid, shingle-like scales

· ventral portion a flexible sole

· 8 – 10 equal sized tentacles or 8 large with two smaller tentacles

· rows of tube feet run body’s length

	Reproduction ...............................
	· spawning typically occurs in the morning hours from March through late May

· sperm are dispersed by the male wiping its genetalia with its tentacles and then lifting these so that the sperm may be broadcast into the open sea

· females release long, ropy sections of brick red eggs

· eggs develop as plankton into larvae; larvae eventually metamorphose into juveniles and settle down to the substrate

	Predators/Prey .......…...................
	· preyed upon by seastars and fishes

	Noteworthy Facts ………………
	· suspension feeder

· the soft and flat ventral sole enables it to attach firmly to smooth, rocky surfaces
· a related species, Psolus japonicus, occurs in the Chukchi Sea


37.   Sea Football, Cucumaria frondosa
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Kingdom Animalia
Phylum Echinodermata
Class Holothuroidea

Order Dendrochirotida

Family Cucumariidae

Genus Cucumaria
	Occurrence ...................................
	· Peter the Great Bay to the Kuril and Commander Islands to the Aleutian Islands, Alaska to the west coast of Canada
· intertidal to 1000 feet; most common at 100 to 300 feet

	Form/Function .............................
	· dense, cylindrical, barrel-shaped, and slightly curved dorsally; body dark brown to bluish

· body almost appears globose when animal is retracted

· tube feet large and retractile

· occur ventrally in 2 – 4 rows

· occur dorsally as reduced in size or a spapillae

· tube feet location varies greatly from one specimen to the next; some examples lack tube feet in the middle of the body section, for example

· 10 tentacles, all large and similar in size

· maximum length is 20 inches

	Reproduction ...............................
	· reach sexual maturity at age three

· in spring males broadcast sperm into the water to stimulate females to spawn

· eggs released by females are fertilized as they float through the milt (sperm) already released by the males

· larvae remain in the plankton for up to 70 days before settling down as juveniles

	Predators/Prey ...........…...............
	· preyed upon by a few species of sea stars

	Noteworthy Facts ………………
	· suspension feed by using mucus-covered tentacles to trap organic matter which is then transferred to the gut

· have been commercially harvested, as a food, in Canada since 1999; the Canadian government is working to ensure that this sea cucumber is not overfished as the animal requires three years to reach reproductive age
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38.  Orange Sea Cucumber/Red Sea Cucumber, Cucumaria miniata
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Kingdom Animalia
Phylum Echinodermata
Class Holothuroidea

Order Dendrochirotida

Family Cucumariidae

Genus Cucumaria
	Occurrence ...................................
	· Sitka, Alaska along the coast to southeastern Alaska to Monterey County, California
· low intertidal to subtidal

	Form/Function .............................
	· body wall thick and tough

· usually brick red in color, but also ranging from pinkish white to purple

· tube feet arranged in definite rows

· other podia may occur between these rows

· 10 bright orange, branched tentacles, all of equal size

· 4 to 10.5 inches long

	Reproduction ...............................
	· reach sexual maturity at age three

· eggs, embryos, and larvae are orange in color

· larvae appear as components of Puget Sound Plankton during March and April

	Predators/Prey .............................
	· preyed upon by the sun star, Solaster stimpsoni
· suspension feed by using mucus-covered tentacles to trap small organisms and detritus from the water

	Noteworthy Facts ………………
	· research conducted on this species has focused on red cells and the hemoglobin contained in them; the function of this sea cucumber’s retractor muscles and the animal’s ability physiologically to respond to changes in salinity have been examined as well


36.   Black Sea Cucumber, Cucumaria vegae
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Kingdom Animalia
Phylum Echinodermata
Class Holothuroidea

Order Dendochirotida

Family Cucumariidae

Genus Cucumaria
	Occurrence ...................................
	· Commander Islands, at the western end of the Aleutian Islands south to the Queen Charlotte Islands, British Columbia; also south to Hokkaido, Japan in the western Pacific
· rocky intertidal to low intertidal

	Form/Function .............................
	· a small species that grows to  an average of 3 inches

· dorsal side brownish black to light brown to yellowish gray

· ventral side white

· five bands of tube feet arranged in single or zigzag rows; three ventral rows are more prominent

· no tube feet occur between the rows

· generally possesses eight equal-sized tentacles and two smaller, ventral tentacles

· some populations have been identified in which many individuals have all the tentacles of equal size (perhaps a result of misidentification?)

· tips of tentacles are usually darkly pigmented

· genital papillae located between the two dorsal papillae

	Reproduction ...............................
	· all that is known is that it broods its young in late winter

	Predators/Prey ...........................
	· likely preyed upon by a few species of sea stars, including six armed stars (Leptasterias polaris) and the sunflower star (Pycnopodia helianthoides)

· suspension feed by using mucus-covered tentacles to trap organic matter which is then transferred to the gut

	Noteworthy Facts ………………
	· is virtually identical to the spot sea cucumber (Cucumaria pseudocurata) except that the black sea cucumber is a bit larger


37.  White Sea Cucumber, Eupentacta quinquesemita
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Kingdom Animalia
Phylum Echinodermata
Class Holothuroidea

Order Dendrochirotida

Family Sclerodactylidae

Genus Eupentacta
	Occurrence ...................................
	· Aleutian Islands, Alaska to Puget Sound
· intertidal to 660 feet

	Form/Function .............................
	· five rows of nonretractile tube feet and smooth spaces between

· to 4 inches long

· skin soft and pliable

· general skin color is creamy white with the tentacles being of a faint peachy color

· characteristically has bits of shell and other debris attached to the tube feet

· eight tentacles are of equal size but there are two smaller, ventral ones as well

· when collected, the tentacles tend to be retracted

	Reproduction ...............................
	· In Puget Sound, Washington spawning occurs in the spring and larvae occur in the plankton from March to May

	Predators/Prey ...........…...............
	· preyed upon by a few species of sea stars

· examination of gut contents has detected mixture of filamentous algae and diatoms as well as detritus and inorganic materials

	Noteworthy Facts …….........……
	· 38% of specimens examined in Puget Sound were found to have parasites, especially the gastropod Thyonicola Americana


38.   Sea Sweet Potato, Caudina (= Molpadia) intermedia
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Kingdom Animalia
Phylum Echinodermata 
Class Holothuroidea

Order Molpadiida

Family Molpadiidae

Genus Caudina (= Molpadia)
	Occurrence ...................................
	· Kodiak Island, Alaska to Gulf of Panama
· subtidal

	Form/Function .............................
	· body smooth and sausage shaped

· tail is 20 – 25% of total body length

· dark purplish-brown to purplish-gray with rusty brown patches

· up to 17.5 inches long

· 15 tentacles arranged in a tight ring about the mouth

· these very short tentacles are branched just below the tip

· when collected, the tentacles tend to be retracted

	Reproduction ...............................
	· unknown or information unavailable

	Noteworthy Facts ………………
	· detritus feeder

· occurs in the mud


Class Crinoidea
· sea lillies and feather stars
· most ancient and primitive of living Echinoderms

· flourished more than 250 million years ago (before dinosaur age)

· most sea lillies are stalked Crinoids that live attached to the bottom

· 80 known species still exist today

· not commonly encountered as most modern examples tend to live at depths in excess of 300 feet
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Fig. XIV. 10.  Sea Lilies

· most modern Crinoids are members of the suborder Comatulida, the feather stars

· Comatulid characteristics

· 550 species

· free swimming crinoids

· nonsessile (i.e., live not attached to the bottom as are the sea lillies)

· occur from intertidal zones to great depths

· comatulids have long attaching structures by which they can cling to rocks or creep over them slowly
· if conditions are unfavorable, they can detach and by waving their arms swim to a new location
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Fig. XIV. 11.  Feather Stars (note structures)

· Crinoid body is a basal attachment stalk joined to a pentamerous body proper called a crown

· sea lillies have a well developed stalk but this structure is mostly lacking in the feather stars

· ossicles give stalk a joint-like appearance

· many crinoids stalks bear structures called cirri, which are small, slender jointed appendages

· in feather stars, these cirri are used for grasping the substrate when the organism comes to rest

· pentamerous body bears arms

· pinnules are plume-like structures attached to the arms

· crown attaches to stalk by its aboral side, thus making the oral side face upwards

· mouth is near center of the oral surface

· five ambulacral grooves extend from the mouth to the arms

· most cold water Crinoids are brown in color

· most Crinoids have 10 arms (more primitive forms have only 5)

· some feather star species have 80 to 200 arms

· arms are 4 to 14 inches in length

· arms have muscle tissue and can thus be moved

· movement made possible by a muscular system functioning in opposition to a water vascular system

· the sessile sea lillies are limited to movement of only the arms and stalk

· feather stars swim and/or crawl through alternate raising/lowering of arm sets

· Crinoids are suspension feeders

· mucus is secreted on arm structures; cilia in the ambulacral grooves direct the organic matter that becomes stuck to this mucus on towards the mouth

· food is mostly zooplankton

· the outstretched arms form a filter-fan which is held perpendicular to current flow

· nervous system regulates muscle, and therefore arm and stalk,  movements

· sexes are separate

· depending upon species, sperm and eggs may be released into ocean for fertilization to occur there or brooding may occur

· brooding is more typical of cold water species, especially those from Antarctica

39.   Feather Star, Florometra serratissima

Kingdom Animalia
Phylum Echinodermata
Class Crinoidea

Order Comatulida

Family Antedonidae


Genus Florometra
	Occurrence ...................................
	· Alaska to California
· subtidal

	Form/Function .............................
	· corona, resembling a handful of feathers joined at the base, is main structure

· a stalk maintains the corona well above the sea floor

· cirri, anchor-like structures at the animal’s base, anchor it to the substrate

· like other echinoderms, feather stars have a vascular system and tube feet

· neurosensors enable the animal to retract from light and touch

	Reproduction ...............................
	· brood young

	Predators/Prey .............................
	· attacked by crabs, perhaps also by fish

	Noteworthy Facts ………………
	· by everting its tentacles while moving through the mud it ingests sand and mud and ingests and feeds on the detrital particles in the substrate
· the only crinoid commonly collected in our region
· commensal crabs (mainly Opisthopus transversus, Pinnixa faba) are found in the cloaca of this cucumber


