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on the concave margin is frequently absent, while there is no uniformity

in the degree of curvature or in proportion of height to base.

Plate 36, figure 4, shows the crown of 24 tentacles and nuchal organ,

which is relatively large in this species.

Longitudinal muscle bands anastomose rather freelj", but there is

great irregularity in the extent in different specimens. The number
of bands between the origins of the anterior and posterior retractor

muscles varies from 20 to 25, but at the level of the nephridiopores is

15 to 17. In a form from Monterey Bay one or two very narrow
strands regularly split off from the principal bands (which are therefore

narrower than usual) and remain separate for considerable distances,

and are as much independent bundles as the principals. In such a

specimen the muscle count runs to 35 or even more. A short distance

in front of the anus the longitudinal muscles unite to form a con-

tinuous sheet. The introvert is ordinarily not invaginated beyond
this point, but can be retracted as far as the anus. In fully expanded
specimens the retractors are slender. The ventrals arise at the

beginning of the posterior third of the trunk from six or seven muscle

bands (first or second to sixth or seventh) but details of the relation

differ on the two sides and from specimen to specimen. The dorsals

arise from usually the fourth to sixth or seventh (or their equivalents

if there happens to be much anastomosis). Plate 39, figure 1, shows
the joining of the two retractors of each side to form one and the

ultimate fusion of these behind the head. There is a single fixing

muscle which shows little variation. It arises from two slender roots

on midventral line, in front of origins of the dorsal retractors, and is

attached by two distal branches to rectum and postesophageal gut

(pi. 39, fig. 1). The roots are attached to muscle bands 1-1 to left of

nerve cord. The spindle muscle begins just in front of the anus and
is attached at the posterior extremity. The contractile vessel is

inconspicuous.

The nephridia are moderately long and attached for nearly their

length by a delicate mesentery. The small nephrostome is over the

interval between muscle bands 2 and 3.

The nerve cord is loosely attached by its numerous nerves. There
are two eye spots on the brain.

The gonad is in the usual place at the origin of the ventral retractors.

Ripe eggs are found in the coelom in February and March (Monterey
Bay). They are spherical and measure 0.12 mm. in diameter with

some as small as 0,1 mm. and others reaching 0.14 mm. In much
larger Humboldt Bay specimens coelomic eggs (January 1) have
the same dimensions.

Type.—In the Museum of Comparative Zoology.

Type locality.—Mendocino, Calif.
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Distribution.—From Kodiak Island, Alaska, to San Quintfn,

Baja California. There are records from temperate and tropical

waters of both hemispheres (see under Remarks)

.

Habitat.—This, the dominant sipunculid of the intertidal zone,

has adapted itself to a variety of habitats from midtide horizon to

110 fathoms. It is probably most abundant on the lower half of the

intertidal zone and just below low tide. Beds of mussels (Mytilus

californianus) so characteristic of the California coast afford ideal

conditions. It is found also under rocks lying on or in fine sandy

to muddy bottoms of tide pools, and in some conditions in crevices

of rocks, preferred by Dendrostomum j^yroides. The root masses of

surfgrass (Phyllospadi.r) if not clogged with drifting sand, and hold-

fasts of kelps afford protection for small specimens. Mr. Ricketts

found them also in the fenestrated base of a colony of the hydrocoral

Allopora californica. Professor MacGinitie found them common in

the mud of Humboldt Bay, which evidently afforded favorable con-

ditions, as the specimens are all of large size.

At Orcas Island, Wash., Dr. Richard Snyder found a medium-

sized specimen in association with the annelid Aphrodite. The sipun-

culid was in the space betw^een the elytra and the dorsal mat of inter-

woven chaetal threads and must have entered when very tiny.

Specimens examined.—From Baja California:

Boca de la Playa, near Ensenada, Jan. 21, 1932, E. F. Ricketts, 5 specimens.

San Quintin, April 1949, Patrick W. Wells, 5 specimens.

From California:

La Jolla, 1899, F. H. Robinson, 1 specimen.

San Clemente Island, June 26, 1896, H. B. Torrey, 2 specimens.

San Pedro Point, Sept. 1, 1895, 1 specimen.

Point Firmin, U. S. National Museum collection, 1 specimen.

Santa Monica, March 1889, J. J. Rivers, 4 specimens.

Santa Barbara, under wharf, summer of 1948, Patrick H. Wells, 5 specimens.

Santa Rosa Island (Beechers Bay), mussel bed, Aug. 10, 1948, D. M. Wootton,

34 specimens.

Santa Cruz Island (Frys Harbor), uuissel beds, Aug. 12, 1948, D. M. Wootton,

10 specimens.

Point Conception, July 14, 1916, C. L. Hubbs, 2 specimens.

Albatross station 4496, 2.1 miles southeast of Santa Cruz, 10 fathoms, fine gray

sand, rocks. May 19, 1904, Albatross, 33 specimens.

Albatross station 4551, 4.5 miles northwest of Point Pinos, 56-46 fathoms, rocks,

coarse sand, June 7, 1904, Albatross, 7 specimens.

Monterey Bay, channel off Moss Landing, 110 fathoms, Nov. 28, 1927, 1 specimen.

Monterey Bay, about 50 feet, from colony of Allopora californica, Feb. 10, 1927,

E. F. Ricketts, 18 specimens.

Monterey Bay, intertidal, from Point Pinos to Carmel Bay, granite shore, many
specimens.

Pillar Point, San Mateo County, March 12, 1911, W. F. Thompson, 10 specimens.

Tomales Bay, Nov. 23, 1947, P. J. Menzies, 1 specimen.
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Bodega Head, under inusaels, Aug. 4, 1948, D. M. Wootton, 15 specimens.

Black Point, Sonoma County, June 21, 1898, H. P. Johnson, 4 specimens.

Mendocino, paratypes, A. A{i;assiz, 4 specimens.

Humboldt. Bay, low tide, mud, Jan. 1, 1931, G. E. MacGinitie, 200 specimens.

Crescent City, intertidal, June 13, 1911, W. F. Thompson, 14 specimens.

From Oregon:

Coos Bay (North Bay), eelgrass roots, July 20, 1949, D. L. Reish.

From Washington:

Puget Sound, 189G, Trevor Kincaid, 2 specimens.

Dogfish Bay, Puget Sound, Trevor Kincaid, 1 specimen.

Off Browns Island, San Juan Islands, July 18, 1936 (dredged), 2 specimens.

Friday Harbor, San Juan Island, 25 to 60 fathoms, Ida S. Oldroyd, 4 specimens.

Waddah Reef, San Juan Islands, eelgrass hold-fasts, July 4, 1930, 3 specimens.

Deer Harbor, Orcas Island, Aug. 14, 1951 (dredged); found in dorsal elytral space

of Aphrodite, Richard Snyder, 1 specimen.

San Juan Strait, near mouth of Pysht River, under boulders on nmddy gravel,

July 26, 1930, E. F. Ricketts, 10 specimens.

From British Columbia:

Clayoquot Sound, Vancouver Island, 1946, E. F. Ricketts, 8 specimens.

Ucluclct, Vancouver Island, in the Museum of Comparative Zoology, 1 specimen.

Round Island, Vancouver Island, June 25, 1945, E. F. Ricketts, 1 specimen.

Canoe Pass, Kate Island, Juno 21, 1932, E. F. Ricketts, 1 specimen.

Fishermans Cove, July 12, 1932, E. F. Ricketts, 3 specimens.

Calvert Island, under rocks. May 11, 1937, T. T. and E. B. McCabe, 3 specimens.

Huston Inlet, Queen Charlotte Sound, July 1, 1913, W. F. Thompson, 7 specimens.

Table Island, Queen Charlotte Islands, June 9, 1937, 3 spc i-nens.

From Alaska:

Sitka, Crab Bay, rocky reef, E. F. Ricketts, 1 specimen.

Thumb Bay, Prince William Sound, Walter J. Eyerdam, 4 specimens.

Orca, Prince William Sound, June 2, 1899, Ilarriman Alaska Expedition (W. E.

Ritter), 3 specimens.

Cape Fox, June 1899, Ilarriman Alaska Expedition (W. R. Coe), 9 specimens.

Yakutat, June 19, 1899, Harriman Alaska Expedition (W. E. Ritter), 6 specimens.

Kodiak, July 3, 1899, Ilarriman Alaska Expedition (W. R. Coe), 3 specimens.

Young.—I have numerous small specimens from the region of

Point Pinos, Monterey Bay, granite shore. These range in length,

introvert extended, from 10 to 30 mm. They vary in skin color from

pale translucent to medium brown, sometimes ocliraceous, som.etimes

grayer in tone. There is as much variation as in large specimens in

the extent of the preanal area of enlarged papillae and in the size of the

terminal and preanal papillae, but in all cases these are conspicuously

enlarged. The papillae of the distal part of introvert seem to be a

little more conspicuous than in the adult. The transverse bands of

yellowish or reddish brown are present on the introvert of nearly all

specimens but the spots on the trunk are uncommon. The number of

rings of the hooks is as few as 12, more often 15 or 16, less often as
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many as 25. Out of about 100 examples only one (length 20 mm.)
has the large number attributed to juveniles of some species; in this

case there are 75, interrupted here and there as if hooks were being

shed, but the first 13 rows are intact. There are 11 or 12 tentacles and

the nuchal organ is conspicuous.

A specimen with trunk 8 mm. long has 21 anastomosing muscle

bundles; the internal anatomy is a miniature of that of large specimens.

Variations.—The principal variations are external and concern the

color, the size and shape of the larger tubercles of the anal region and

posterior extremity, and the introvert hooks.

The glandular papillae are best seen in light-colored, small or

medium sized specimens. They form low conical eminences with a

blunt teatlike extremity. The circular brown portion containing the

platelets is the upper two-thirds of the papilla, which is delimited by
longitudinal and transverse shallow skin grooves forming rouglily

quadrilateral or roundish areas. The papillae are ordinarily separated

by two or three times their own diameter but in fully extended speci-

mens the space becomes greater. The preanal and terminal tubercles

are the same shape but tliree or four times larger than those of the

dorsum of the trunk. In very large specimens, particularly in those

from Humboldt Bay, the preanal tubercles become very horny, large,

and some of them are compressed entirely out of the original conical

form. These are more often seen in the darkest brown specimens.

The enlarged preanal papillae have the same arrangement of platelets

as other papillae.

Irrespective of spotting, the skin color varies from no scattered

pigment (pale pinkish gray, translucent) to pale sepia modified by
ochraceous or yellowish tints; thence to deeper neutral or reddish

brown, to a dark brown (Humboldt Bay). In tide pools of Monterey

Bay the palest to the medium brown forms occur, but none of the

darkest have been found. The paratypes are medium brown and

this general tone predominates in specimens from Washington to

Alaska, although some fairly light examples are present (San Juan

Islands, Wash.; Clayoquot Sound, British Columbia; Cape Fox,

Alaska). The Kodiak specimens are rather darker than "medium
brown," and lighter than the deepest brown specimens from Hum-
boldt Bay, Calif.

The 200 specimens from this locality occurred in mud of a quiet

bay and are all large (upward of 130 mm. long). They are about

half and half medium brown (often reddish) and dark umber-brown,

the introvert much lighter and crossed dorsally by reddish-brown

stripes. The integument of the trunk is thick and the skin rough,

coriaceous. It may be that the darker color is in part due to staining

by organisms in the mud. Those examined were aU females.
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The specimens from Crescent City are medium sized or small, and

all are of the pale variety. On the other hand, the Ensenada examples

are as dark as the paratypes.

Specimens from a colony of the hydrocoral Allopora californica are

the pale variety, but those dredged off Point Pinos, Cahf., in 46 to 56

fathoms (Albatross station 4551) are all well pigmented, medium

brown. The same is true of the specimens from 10 fathoms off

Santa Cruz.

Finally the darker pigment spots of the trunlv are of irregular

occurrence and are certainly of no specific importance.

Remarks.—Thi'ough similarity of habit, hooks, and internal struc-

ture there are six species of Phascolosoma more closely related to

one another than to others of the genus. These are granulatum,

nigrescens, puntarenae, agassizii, japonicum, and scolops.

Two specimens of Ph. japonicum from Aikawa, Rikuzen, Japan,

are superficially very similar to pale examples of agassizii. Selenlva's

colored figures (1883, pi. 2, figs. 18, 19) might serve to illustrate some

of the variations of agassizii. Evidently the hooks are as variable as

in agassizii. They are the same size and shape, and the clear streak

follows about the same com-se but has no expanded portion (as is

sometimes the case in agassizii). There is a clear triangular area at

the base but this is not indicated in Selenka's figure (1883, fig. 145)

or in Sato's (1930, p. 10). The papillae of jiaponicwm have obviously

larger platelets, occupying a wider zone. The Aikawa specimens

agree with Sato's figures (1939, p. 384). Internally the only tangible

difference is the absence of a coecum. The fixing muscle is almost

exactly the same as in agassizii; the nephridia are anchored to the

same extent, the origin of the retractors varies within the limits of

agassizii] and the longitudinal muscle bands show no significant

difference.

I examined an example of Phascolosoma japonicum from Ucluclet,

Vancouver Island, upon which Chamberlin (1920, p. 5d) based his

record. It is clearly one of the variations of agassizii, lacking the

essential characters of japonicum; that is, the clear streak of hook

(pi. 38, fig. 23) has a slight swelling; the platelets of the dermal

papillae are as in other examples of agassizii; there is an intestinal

coecum. I have no means of checking the record of japonicum from

the Queen Charlotte Islands. The 10 specimens from this locality

that I examined are all agassizii.

Phascolosoma agassizii (including puntarenae) has been recorded

from many localities all over the world. Wilhelm Fischer (1922a,

p. 7) sums up the distribution. "The species is already known from

all tropical and temperate seas." In the Indian Ocean he Hsts

Ceylon, the Laccadive and Maldive Islands, Mauritius, Sumatra,
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Timor; Sharks Bay and Rottnest Island, western Australia; in the

Java Sea, Billiton and Nordwachter Islands; in the Pacific, Sydney
(Port Jackson), Eimeo, and Tahiti; in the Atlantic and Mediterranean,

Bermuda and Villefranche.

I doubt whether any of these records are valid for Phascolosoma

agas^izii as defined in this paper. Some of them may reasonably

refer to Ph. puntarenae, a tropical species that has been confused with

agassizii, a cool- or cold-water form. Fischer (1922a, pi. 1) gives

figures of hooks from Sharks Bay (fig. 5), Port Jackson (fig. 6),

Panama (fig. 7), and California (fig. 8). Fischer's figures 7 and 8

represent hooks of jmntarenae and agassizii as understood in this

paper, although as represented the light streak has too slight a swelling

to be quite typical of Panamic specimens while it is over-emphasized

in the California example (where it is often absent). These two

Fischer regards as agassizii, as also the quite different Australian

examples, which do not seem to me to represent either puntarenae or

agassizii. Fischer's paper is exceptional in giving figures of details.

Without them it is impossible to evaluate records.

To those who hold that agassizii and puntarenae constitute a single

species, it is necessary to point out that the latter name has 7 years

priority.
PHASCOLOSOMA PUNTARENAE Grube

Plate 36, Figures 1, 2; Plate 37, Figures 1-3; Plate 39, Figure 3

Phascolosoma puntarenae Grube, 1859, p. 13.

Phascolosomum puntarenae Diesing, 1859, p. 761.

Sipunculus (Phymosomum) puntarenae Quatrepages, 1866, p. 624.

Phascolosoma agassizii Keferstein, partim, 1866, p. 218; 1867, p. 46, pi. 6,

fig. 8.

Phymosoma agassizii var. puntarenae Selenka, 1883, p. 79.

Physcosoma agassizii, partim, authors.

Diagnosis—Size small to medium (68 mm.), in general form similar

to Phascolosoma agassizii but with slightly longer papillae, especially

on dorsum of introvert; with transverse bars of brown on introvert;

tentacles 24 ; hooks in upward of 100 rings and half rings, but deciduous

and the number not constant. Differing from agassizii in structure

of hooks, in having generally slightly larger papillae with fewer and

less crowded platelets on their periphery, and in having a longer,

more conspicuous coecumi. Differing from Ph. nigrescens, to which

it is rather closely related, chiefl}^ in the less sharply bent hooks.

Description.—The largest specimen (Espiritu Santo Island) meas-

ures 68 mm. in length, with introvert extended but not fully relaxed.

It more nearly resembles Phascolosoma nigrescens than it does Ph.

agassizii. The papillae are enlarged in the same areas as in agassizii

but the difference is not so marked, as the minor papillae are a little
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larger and slightly more protuberant and give a somewhat shaggy
appearance. The platelets of the papillae are less numerous and,

except near the center, are less crowded than in agassiyAi. Two ex-

amples from a small Panama specimen are shown on plate 36, figures

1 and 2. In the large specimen some of the papillae have the platelets

similar to figure 3 (agassiyAi) ; but more often they look like figure 3

with the smaller platelets removed, while the larger platelets have an
irregular, crenulated periphery. (See Selenka, 1883, pi. 9, fig. 137,

iiigrescens.)

There are al)out 25 complete rings of hooks; anil back of these,

about 30 more dorsal half rings, with a few scattered hooks on the

ventral side of the introvert. In a Panama specimen (length 33

mm.) there are about 100 rings with a scattering of hooks beyond.
In adult agassi/Ai the hook rings seldom exceed 25 and are often 17

to 20, but in nigrescens the number varies from 30 to 120 (Selenka,

1883, p. 11). The hook of puntarenae (Selenka's pi. 1, figs. 1-3) is

very diff'erent from that of agassizii in the position of the clear streak

and in having a larger expanded portion of this streak. If the hook
were slightly more bent it would closely resemble that of nigrescens

(see pi. 39, fig. 2, and Selenka, 1883, pi. 9, figs. 130, 135). p:ven the

slight hump (a) characteristic of nigrescens is indicated in puntarenae.

There are 24 tentacles surrounding the large heart-shaped nuchal
organ (pi. 39, fig. 3; compare pi. 36, fig. 4). The fold or ridge sur-

rounding the tentacles and mouth is colorless. Below this is the ring

collar immediately in front of the hook zone.

The color is pale yellowish })rown, the trunk and dorsal side of

introvert irregularly peppered with dark bro\\Ti papillae. The hooks
form a brown zone behind the collar; then there is a dorsal half-ring

of dark brown, followed by 4 or 5 transverse dorsal bands of much
lighter reddish brown. The Guaymas specimen has a reddish brown
trimk without spots and about 10 dark-brown dorsal bands on introvert.

In this typical section of the genus the internal anatomy does not
vary greatly from species to species. There are 20 to 30 longitudinal

muscle bands that anastomose freely, the lesser number being near the

front of the trunk. The ventral retractors have a broad base arising

from bands 2 to 7 on the right and 2 to 9 on the left. The fixing muscle
arises in the same place as in Fh. agassizii and its attachment to the

esophagus and to the rectum is the same. One point of difTerence is

the coecum, which is papilliform, several times longer than thick, and
relatively larger than in agassizii. A precisely similar coecum was
found hi a specimen of Ph. nigrescens from the Hawaiian Islands. The
reddish brown nephridia are larger than in any agassizii examined.

The proximal end is inflated. They reach nearly to the end of the

body, only the proximal third being anchored. The Hawaiian
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specimen of nigrescens has reddish brown nephridia with conspicuously-

inflated proximal portion, but the distal part is badly contracted.

The contractile vessel has no villi, and there is no sign of them in the

Hawaiian specimen of nigrescens, although Selenka states that they

are present in that species.

Type locality.—Puntarenas, Costa Rica.

Distribution.—Panama to Gulf of California.

Specimens examined.—Five, as follows:

Esplritu Santo Islands, near La Paz, Baja California, March 1940, E. F. Ricketts,

1 specimen.

Guaymas, Mexico, Miramar Beach, rocky, Feb. 10, 1948, W. H. MacGinitle,

1 specimen.

Bay of Panama, F. H. Bradley, 1866, 3 specimens.

Remarks.—This species seems to me to be of tropical derivation and
closely related to Ph. nigrescens Keferstein, 1865, whereas agassizii is

primarily a cold-water species, which reaches its best development

both in size and number of individuals from Alaska to northern

California. South of Monterey Bay large specimens are apparently

absent or else are to be found in cooler water off shore.

PHASCOLOSOMA DENTIGEEUM (Selenka and de Man)

Plate 39, Figures 4-7

Phymosoma, dentigerum Selenka and de Man, 1883, p. 67, pi. 1, fig. 9; pi. 9,

figs. 118-123.

Diagnosis.—Medium-sized, slender species with a dorsal preanal

area of conspicuously enlarged, dark-brown, sharp conical tubercles,

some of which are usually directed backward ; a similar area of sharp

conical tubercles at posterior extremity; other papillae small; rings

of hooks few; hooks sharply bent, with a median, often slightly

dilated, clear streak and a separate large triangular clear area.

Description.—The specimens are all slender; one with introvert

fully extended measures: trunk 30 mm., introvert 20 mm. A larger

example, with introvert retracted, would attain a length of 67 mm.
General color of preserved specimens yellowish gray, pale sepia,

or pinkish lavender. Longitudinal muscle bands visible through

body wall. Papillae of ventral surface very small, gradually increasing

in size to middorsal region, where in anterior half of trunk they are

still small and of unequal size. Posteriorly, however, they rapidly

increase in size to become circular, conical, sharp, dark brown tubercles

against the pale ground color. Immediately in front of the anus

is a ring zone of the same sharp brown tubercles. These are continued

forward on the introvert as a middorsal band for about half to two-

thirds its length, usually, but not always, in conjunction with a skin

color of burnt-sienna, which makes the area very conspicuous. The
largest tubercles are at the base of the introvert and are directed
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backward in varying degrees, sometimes assuming the stature of short,

sharp spines. However, there is much variation. In Httle specimens

and a few adults the enlarged spines remain symmetrically conical.

The dorsal light-rcddish-brown pigment of the spine area is continued

forward, sometimes subdivided into transverse patches of color,

becoming darker in the narrow zone of the hooks. The platelets of

the smaller papillae are numerous, close to one another, and decrease

in size from the central clear pore zone to the periphery, where they

are little more than granules. In the outer zone there are no larger

platelets among the small ones, as in Ph. agassizii. In the larger

specialized papillae, or tubercles, of the introvert the platelets are

relatively larger, thicker, more crowded and heavily pigmented.

Immediately around the pore zone the platelets arc usually a little

smaller than those over the remainder of the tubercle. On the anterior

half of the introvert the papillae are elliptical in outline, become
gradually very small (0.07 to 0.1 mm. long diameter) and the platelets

are reduced to granules, retreating more and more to the central

portion immediately surrounding the pore.

The hooks form 16 to 21 dark-brown rings, the posterior rings

being sometimes incomplete from loss of hooks. The hooks are

characteristic in having the terminal portion sharply bent, in com-
bination with an unusually large, clear, triangular space, which is

separated from the median clear streak (not merged with it as in

puntarenae and nigrescens). Note the dilation of the clear streak.

The so-called tooth on the concave border of the hook may be well

developed or absent.

In three adults the tentacle counts are 12, 13, 15. Tentacles more
or less pigmented with dark ohve. The nuchal organ is large and
similar to that of agassizii. The smooth zone between circumoral

collar or ridge and the collar just in front of the hook area is divided

into an uncolored anterior half and a brown half.

The internal anatomy differs from that of agassizii only in minor
details. The longitudinal muscle bands anastomose more freely in

some individuals than in others. There are 18 to 20 bands at the

origin of ventral retractors. The latter have a broad base arising

from the muscle bundles 3-6, varying to 2-5, the dorsal retractors,

about the same distance in front as agassizii, arise on left from 4-6

or 5-7 and on right from 6-7 or 4-6. The fixing muscle arises on the

left of the nerve cord at the same place as in agassizii and, forking,

is attached to the esophagus and to the intestine a short distance

posterior to the coecum. The spindle muscle is strong and is very
similar to that of agassizii.

There is a well-developed subspherical coecum. The intestinal

spiral is of moderate length with about 16 to 18 single whorls.



434 PROCEEDINGS OF THE NATIONAL MUSEUM vol. i02

The nephi'idia vary in length, sometimes reaching to the origin of

the ventral retractors. The proximal third or half is anchored by a

mesentery. They open between the third and fourth longitudinal

muscles at the same level as the anus. A short distance in front of

them the muscle bundles unite to form a single sheet. The contractile

vessel is very slender, without villi. The brain has two eye spots.

The eggs are elliptical, 0. 1 1 by 0.09 mm. Each end is slightly truncated,

with an indentation in the thick shell.

Type Zoca/%.—Philippine Islands.

Distribution.—Indo-Pacific, tropical. The paucity of records as

compared with Ph. scolops is probably due to the habits of dentigerum

in hiding in crannies of coral rock.

Specimens examined.—As follows

:

El Pulmo Reef, Baja California, southeast shore of end of peninsula, in inter-

stices of living coral, Pocf/Zopora, March 19, 1940, E. F. Ricketts, 10 specimens,

Puerto Escondido, Gulf of California, Baja California, under boulders, March 25,

1940, E. F. Ricketts, 1 specimen.

San Carlos Bay, Gulf of California, Baja California, among rocks, March 30, 1940,

E. F. Ricketts, 17 specimens.

Puerto Refugio, Angel de la Guardia Island, Gulf of California, Baja California,

April 2, 1940, E. F. Ricketts, 2 specimens.

Puerto Penasco, Mexico, Dec. 24, 1947, W. II. iNIacGinitie, 15 specimens.

Panama Bay, Panama, F. H. Bradley, 1866, 3 specimens.

Uemarks.—-This species varies considerably in ground color, which

is usually light brownish or grayish, and in the intensity of brown on

the introvert. I have examined specimens from Eniwetok Atoll,

Marshall Islands, Plawaiian Islands (Laysan, Kauai, Hawaii) and from

the Gulf of Davao, Mindanao. The extent of development of the

toothlike tubercles of introvert varies greatly. In the Laysan speci-

men they are symmetrical, sharp cones, as in some of the Baja Cali-

fornia examples. The tubercles of the ventral side of the introvert

and the papillae of the trunk are much larger in the Laysan specimen.

The specimens described above probably constitute a distinct race

inhabiting the Pacific coast within the tropics and subtropics.

Ten Broeke (1925, p. 88) has described from Caracas Bay, Vene-

zuela, Phascolosoma microdentigerum, which differs from dentigerum

in the smaller size of its spines and the presence of little villi on the

contractile vessel. Trunin only 10 mm. long. Fischer (1922b, p. 11)

records dentigerum from Barbados, reef.

PHASCOLOSOMA ANTILLARUM Grube and Oersted

Plate 39, Figures 8, 9

Pliascoloso77ia antillarum Grube and Oersted, 1859, p. 117.—Keferstein, 1865b,

p. 4.35, pi. 31, fig. 11, pi. 33, fig. 37.

Phymosoma antillarum Selenka, 1883, p. 57, pi. 7, fig. 93-96.

Physcosoma antillarum Gerould, 1913, p. 420, pi. 62, figs. 19, 20.—Steinbeck

and Ricketts, 1941, p. 346. pi. 16, fig. 2.
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Diagnosis.—Habit robust; trunk brown from numerous low convex

papillae, large and crowded at posterior end and in anal region; intro-

vert abruptly cream color, only about one-tliii'd trunlv length; no
hooks; tentacles long, very numerous; superficially resembling Den-
drostomum. Length, including tentacular cro^vn, 57 mm.; trunk, to

anus, 37 mm.; anus to cephalic collar, 16 mm.; width of tenacular

crown, 10 mm.
Description.—^Selenka gives the number of tentacles 50 to 80 ; in my

specimen there are nearer 200, pale cream coloj' (as is most of introvert)

with only an indication of brown spotting near the tips. The ex-

panded tentacidar disk, to accommodate the large number of its

peripheral tentacles, is thrown into regular folds (pi. 39, fig. 9) as

happens in fully expanded sea anemones having a large number of

tentacles. The form of the centrally located nuchal organ is shown in

this figure. The mouth is overhung by the tentacles. Directly below

it the cephalic collar has a slight projection on its otherwise even edge.

The skin of the trunk is divided into subquadrate areas by fmTOws.

In each area is a deep-bro\\Ti convex subcu-cular papilla composed of

numerous closely placed chitinous platelets, while between these

closely spaced papillae the cream-colored skin contains separated

dark-brown platelets. The ventral papillae are slightly larger than

the dorsal; in most species of the genus the reverse is true. At each

end of the trunk the papillae are much larger than elsewhere. At the

posterior end and on the ventral side of the anal region, the whole of

each papilla area becomes filled with densely crowded brown platelets.

Dorsall}^ in the anal region the large papillae are slightly separated

and often of irregular form. Abruptly, just in front of the anus, the

papillae become much smaller, elongate conical, sharp, and decrease

in size toward the second collar.

The muscle bundles of the mncr layer anastomose. There are

about 20 in the anterior part of the trunlv and 28 to 30 posteriorly.

Dorsal retractors arise only a short distance in front of the ventrals

at the beginning of the posterior third of the trunk. The two muscles

of each side soon unite. In a strongly contracted specimen there is

hardly any separation and the animal appears to have only two
retractors arising near the posterior end of the body. The degree of

separation is like that of Phascolosoma asser (Selenka, 1883, fig. 97).

There is one fixmg muscle arising on the left of the nerve cord in

about the same place as in agassizii. It is attached to the rectum in

front of the coecum and some of its fibers pass into the spindle muscle.

At the point of its attachment to the rectum a part of the muscle
continues and is attached to the esophagus as it forms the first coil.

The contractile vessel carries very numerous conspicuous slender

villi, which extend from just behind the head to the first coil of the

969586—32 5
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spu*al. They are not simple but are dichotomously branched three

or four tunes so that they appear to arise from the vessel in clusters,

very much as in Golfingia macginitiei.

The nephridia are very long and are attached except for a short

terminal portion. They open between the thnd and fourth muscle

bundles. The nerve cord is loosely attached by its nerves. The eye

spots are very inconspicuous (not "deutliche" as Selenka describes

them). The specimen from Espii'itu Santo Island contained many
apparently fully formed elliptical eggs 0.1 by 0.12 mm. The shell is

thick (0.05 mm.) and by transmitted light appears to be cross striated

(pi. 39, fig. 8).

Type locality.—Puerto Cabello, Venezuela.

Distribution.—Florida (Key West, Loggerhead Key); West Indies

(Cuba, Porto Rico, St. Thomas, St. CroLx, Barbados, Jamaica);

Colombia; Venezuela; Dutch Guiana; Brazil. In the Pacific:

Gulf of California; Costa Rica; Panama; Chili; Hawaii (Halape);

Riukiu Islands (Amami Oshima, Naha, Itoman, Tinensaki).

Specimens examined.—Five specimens:

Point Lobos, Espiritu Santo Island, Baja California, under boulders, March 20,

1940, E. F. Ricketts, 1 specimen.

East of La Paz, interstices of dead coral, E. F. Ricketts, 1 specimen.

Bay of Panama, F. H. Bradley, 1866, 3 specimens.

Remarks.—On account of its more stm-dy habit, short introvert, and

conspicuous crown of tentacles this species superficially resembles a

Dendrostomum and is unlike any other Phascolosoma from the eastern

Pacific.
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EXPLANATION OF PLATES

Plate 18

Sipunculiis nudus Linnaeus

1, A portion of the internal structure to demonstrate the extra intestinal spiral

A, which has been dissociated from the regular spiral B and drawn to the

left; X and Y are for identification of the same points in plates 10 and 11,

Fisher, 1947; X 2.

2, Frontal view of oral disk and tentacular fold of a small specimen from New-
port Bay, Calif. The dotted circle indicates limit of oral disk, external to

which is the tentacular fold, subdivided into lobes; X 6.

3, Tentacular fold of a large specimen from Anaheim Landing, Calif., having

the dorsal lobes well developed (left side omitted) ; X 5. Vertical line of

dashes indicates sagittal plane.

4, Longitudinal section of a portion of body wall to show integumental coelomic

canals (IC) ; X 8. Circular muscle bundles in solid black. Longitudinal

muscle (LUT), seen from side, dotted. Arrows indicate passage to body

coelom.

5, Cross section of body wall, cut slightly on bias; X 8. Four integumental

canals are shown. The arrows are in the slits, shown in 4, between the

circular muscle bundles. On the right the cut is slightly to one side of

slits. Longitudinal muscles in solid black.

A, Accessory intestinal spiral; B, regular spiral; C, coecum, CV, dorsal contrac-

tile vessel (ventral in solid black); DT, dorsal tentacles; M, mouth; A^,

nephridium; RD, dorsal retractor muscle; RV, ventral retractor; S, spindle

muscle; W, wing muscles of rectum (the stippled bodies are the "Zottenbil-

dungen" of Selenka) ; A' and Y, second and first bends of accessory intestinal

spiral.

Plate 19

Xenosiphon branchiaturn (Fischer)

1, Anterior sixth of a specimen, with introvert extended, from Panama. It

has been opened a little to the left of middorsal line and spread out so that

the dorsal retractors are unnaturally spread apart and the rectum is on

extreme right instead of being in middorsal line. The esophagus actually

bends to left and is attached behind and in a line with the left dorsal re-

tractor; X 2. Figures denote muscle bands to right and left of nerve cord.

2, Sketch of another specimen, from Panama, in which the introvert is partly

withdrawn to show altered position of protractors (P); X 1.

3, Brain and the bushy frons (cerebral organ) ; X 10.

4, Six dermal rectangles at margin of papularium of La Paz specimen; X 10.

In this specimen the cuticular welts above the canals alone show well, the

detail in upper left rectangle being supplied from a Panama specimen.

The next rectangle has no papillae but the irregular canal shows through

the cuticle. The lower left shows at each end of canal the pores (arrows)

which lead eventually to coelom.

5, A single rectangle of skin of Panama specimen about 25 mm. anterior to

papularium showing a skin canal gorged with material; X 20. At either

end the dark spot marks the canal to coelom.

A, Anus; C, intestinal coecum; CV, dorsal contractile vessel; CF', ventral con-

tractile vessel; Fr, cerebral organ or frons; 7, introvert; A^, nephridium; NC,
nerve cord; 0, esophagus, its mesenteries cross-hatched; P, protractors of

head; R, rectum; RD, dorsal retractor; RV, ventral rectractor; S, spindle

muscle; T, tentacles, Z, filamentous organ described in text.
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Plate 20

Siphonosoma ingens (Fisher)

1, Head of small specimen (Elkhorn Slough, Monterey Bay, Calif.) drawn from

life; X 8.

2, Anterior end of paratype, X 1, showing the introvert partly invaginated and

retractors in contracted state.

3, Portion of 2 enlarged; X 2. The left root (S *) of spindle muscle has been

severed.

4, Nephrostome of a specimen from Newport Bay and associated coelomic

papillae; X 10.

5, Coelomic papilla; X 30.

6, Brain of paratype; X 10.

CP, coelomic papillae (Keferstein bodies); CV, dorsal contractile vessel; F,

fixing muscle; I, introvert; A^, nephridium; NC, nerve cord; A'^O, position of

nuchal organ at anterior end of dorsal double series of tentacular lappets;

O, esophagus; RD, dorsal retractors; RV, ventral retractors; S, spindle

muscle; S', S", lateral roots of spindle muscle; W, wing muscle of rectum.

Plate 21

Siphonoso7na ingens (Fisher), types

1, 2, Anterior half of body; X 1.5. The top of figure 2 is a continuation of the

bottom of figure 1. This specimen is unusually well relaxed. The
coelomic papillae have been omitted and the muscle bands are only

slightly indicated in order to avoid confusion of lines.

3, Same specimens; X 3. Point where the esophagus joins and is fastened to

the ascending intestine at beginning of rectum, showing relations to

spindle muscle (S) and its lateral roots, S', S" ; the fixing muscle to

esophagus is omitted.

4, A segment of the esophagus and four retractors opposite the wing muscles

of rectum to show the lateral mesenteries of esophagus; X 5. M, right

mesentery. Other lettering as for plate 20.
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Plate 22

Siphonides rickettsi, new species

1, Map of visceral anatomy, constructed from both type and paratype; X 5.

The section shown includes the portion of whole animal between horizontal

lines of figure 4. Only the ventral muscle bauds of paratype are shown in

lower part of figure. The nephridia are from type. Coecum and wing
muscles of rectum not lettered and only a few coils of the intestinal spiral

are indicated. The simple contractile vessel along esophagus is shown by

dotted line.

2, One of the hooks of introvert; X 500.

3, A gland from ridge between consecutive rings of hooks; X 500.

4, Diagram of entire animal; X 1. Between the horizontal lines is portion

shown in figure 1; the dot is anus and the two vertical lines are the ventral

retractors.

5, Left nephridium of paratype, which has a short anterior lobe, showing attach-

ment to body wall, the large nephrostome, and cleavage of longitudinal

muscles. The origin of left dorsal retractor (RD) is from muscle bands 2

and 3 with a few fascicles from 1 and 4; X about 10.

6, The mammiform glands of skin, the upper two in profile; X 50. Probably

normally all are capped by an elongate papilla as sliown on left. It is

sometimes brownish.

A, anus; CF, nephrostome; F, fixing muscle of intestine; /*S, intestinal spiral;

N, N^, the two lobes of nephridium; RD, RV, dorsal and ventral retractors;

S, spindle muscle.

Plate 23

1, Golfmgia tnargaritacea californien-ns, new subspecies. Dissection of paratype;

X 7.5. 1, a, Two eggs of californiennis (larger) and two from Dutch Har-
bor specimen of margarilacea; X 7.5.

2, G. viargaritacea californicnsis. Central portion of visceral complex further

enlarged. A section has been removed from the ventral retractors; and
the base of the muscles is not shown.

3, Golfingia margarilacea, (Sars) Alaskan form, Dutch Harbor, Unalaska, X 4.

Central portion of visceral complex to show the fixing muscles, 1 to 4

being normal. In specimen from Kilisnoo, 2 is double and an extra, 2, a,

is present. In Kate Island, British Columbia, specimen, 4 is completely

double. F' or F^ are occasionally absent in Alaskan specimens, and F^ and
F* are sometimes attached to intestine close together.

A, anus; C, coecum; F^ to F*, faxing muscles; A'', nephridium; NO, nuchal organ;

0, esophagus; RD, dorsal retractor; RV, ventral retractor.

443



Plate 24

1, Golfingia hespera (Chamberlin) : The animal, natural size; that on left with

fully extended introvert, the other with introvert partly invaginated,

2, G. hespera: Central portion of visceral complex of figure 3; X 12. The
nephridia are shown as hollow vesicles with posterior lobe removed and
the nephrostomes {N') as if walls were transparent.

3, G. hespera: Dissection of trunk of a specimen from Balboa, Calif., X 6,

showing particularly the two nephridia distended by sperm.

4, G. hespera: Head with crown of tentacles, not fully expanded, surrounded

by collar; X 40. 4, a, A line 0.25 mm. long.

5, G. hespera: A hook from one of the anterior rings, X 1,000.

6, Golfingia margaritacea californiensis, new subspecies: Two animals; X 2.

7, G. margaritacea californiensis: Frontal view of the oral disk and tentacles;

X 20.

8, G. margaritacea californiensis: Glands at end of body seen hj transmitted

hght; X 200.

A, anus; C, coecum; M, mesentery anchoring rectum; A^, nephridium; A^^', neph-

rostome; NO, position of nuchal organ; R, united retractor muscles, along

dorsal side of which is esophagus; RD, dorsal retractor; RV, ventral retrac-

tor; (S, spindle muscle.

Plate 25

1, Golfingia elachea, new species, X 5: Dissection to show principally the fixing

muscles, 1 to 7, indicated in text as F^ to F^ A section has been removed

from the right retractor and most of the right nephridium is omitted.

The horizontal lines indicate posterior limit of introvert. 1, a. The
holotype, X 1.

2, G. elachea: Three papillae from middle of introvert, one seen from top to

show pore; X 200.

3, G. elachea: Four papillae from posterior part of trunk, X 200.

4, G. laetmophila, new species, type; X 2. The introvert is about one-half in-

vaginated. W, wing muscles.

5, G. laetmophila; X 6. Detail of base of the retractors showing esophagus and

one of its mesenteries on left. The faint line in middle of esophagus is the

rudiment of the contractile vessel or its mesentery. O, esophagus.

6, G. laetmophila; X 200. Four introvert spinelets; a and c with only part of

cortical layer adhering; b, cortical layer removed; d, perfect spine.
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Plate 26

Golfingia inacginiliei, new species

1, Holotype; X 3. The introvert is invaginated; right nephridium bent

forward. The contractile vessel and villi hide esophagus, which is shown
at right before entering intestinal spiral, only four coils of which are indi-

cated.

2, Oral end of a double row of tentacles; X 50.

3, Holotype; X 1.

4, A dermal papilla from near end of bod}'; X 200.

5, Part of a cluster of Polian villi, X 50, and, above, the tip of one of the branches,

flattened under a cover slip; X 200.

6, Top of intestinal spiral and the rectum to show Polian villi distended with

corpuscles. Fixing muscle F^ is attached to esophagus.

C, coecum; CV, contractile vessel; f , F'^, fixing muscles; /, introvert; IS, intestinal

spiral; M, eight short diagonal bands of muscle; S, spindle muscle; T, ten-

tacles showing through thin skin; V, Polian villi along each side of contractile

vessel.

Plate 27

1, Dendrostomum pyroides Chamberlin: A robust specimen from life; dorsal side;

XI. I, a, same; skin from introvert showing hooks; X 25. 1, 6, Same; a

hook; X 50.

2, Dendroslomum pyroides; lateral view of preserved specimen, showing character-

istic curvature of body; X 1.

3, Dendrostoynum pcrimeces Fisher; lateral view of preserved specimen; X 0.75.

3, a. Skin from introvert just anterior to anus, showing the brown papillae;

X65.

445



Plate 28

1, Dendrostomum perimeces Fisher; Head of a specimen drawn from life, X 5,

showing tentacles in natural feeding position, the smooth brown collar, the

whitish sphincter zone, and behind this the anterior part of papillae zone.

2, Dendrostomum pyroides Chamberlin, X 5; View looking down upon mouth,
showing base of the four groups of tentacles, the grooves leading to mouth,

and the serrate border of grooves. Between the two dorsal tentacles is the

nuchal organ, A^'. Preserved specimen.

Plate 29

Dendrostomum pyroides Chamberlin

1, Dissection viewed from above; X 2. The contractile vessel and Polian

tubules are shown in solid black, but not all of the tubules are indicated.

2, Oral disk and bases of four groups of tentacles (1-1 V) ; X 12. Specimen from

Boca de la Playa, near Ensenada, Baja California.

3, Side view of esophagus greatly enlarged to show network of vessels arising

from the contractile vessel (CV) and enveloping esophagus. At lower end

of figure the origin of the Polian tubules of left side only is shown.

CV, contractile blood vessel; F^-F^ fixing muscles of gut; G, gonad; NO, nuchal

organ; 0, esophagus; R, left retractor.
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Plate 30

1, Dendrostomum zoslericolum Chamberlin. Ensenada, Baja California; oral

disk and base of six tentacles (1-VI), X 6, to show pattern of food grooves

and large upper lip, behind which is the nuchal organ (NO). \,a, one of the

small branches at base of tentacles; X 20.

2, Dendrostomum hexadactylum Sato, Monterey Bay, Calif. Spines from intro-

vert; X 25.

3, Dendrostomum dyscritum, new species, paratype, Monterey Bay, Calif.; X 5.

Contractile vessel above esophagus (0) showing the pattern of Polian tu-

bules for comparison with D. zoslericolum, in which the tubules are fewer and
do not branch, at least not at the base.

4, Dendrostomum perimeces Fisher, X 200. Glands from posterior third of body
to show the three sizes; the largest is seen somewhat from side.

Plate 31

Dendrostomum zoslericolum Chamberlin

1, Dissection of specimen from Ensenada, Baja California; X 1. The rec-

tum, shown on right, in its natural position would be middorsal above
esophagus. Only G of the 1 1 Polian tubules have been completed. The
oblique bands of muscle in body wall are indicated as gray lines. 1, a, Is

posterior end of body omitted from 1.

2, Side view of esophagus, X 5, to show contractile vessel and origin of Polian

tubules.

3, Rectum and associated structures of figure 1, X 2.

4, A skin papilla from posterior third of body; X 200.

5, Papillae from dorsal side of introvert near anus; X 65.

A, position of anus; C, coecum; CV, dorsal contractile vessel; F^-F^, fixing

muscles; G, gonad; I, intestinal spiral, IA, ascending gut of spiral; ID,

descending gut; N, nephridium; A^*, nephrostome; 0, esophagus; O'
,
poste-

sophageal gut; PT, Polian tubules; S, spindle muscle; W, wing muscles.
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Plate 32

Dendrostomum zostericolum Chamberlin

1, Dissection of a specimen from Ensenada, Baja California; X 2. In this

example the postesophageal gut (0') is unusually long and does not start to

coil around the ascending spiral at +, the usual place. The contractile

vessel has 12 Polian tubules. Length of specimen 190 mm.
2, Detail of intestinal coecum and spindle muscle, showing mode of attachment

of the latter to intestinal wall posterior to coecum.

3, View of the inside of base of left nephridium with nephridiopore in center and

inner opening of nephrostome at upper left; X 10,

4, Nuchal organ; margin of oral disk above and a branch of a dorsal tentacle on

right. 4, a. Brain X 10. CO, circumesophageal commissure; /, nerves to

tentacles

;

C, coecum; CG, ciliated groove; CV, dorsal contractile vessel; F^-F^, fixing

muscles; M, mesentery of esophagus; A^, nephridium; A'^', nephrostome; O',

postesophageal intestine; PT, Polian tubules; S, spindle muscle; W, wing

muscles of rectum.

Plate 33

Dendrostomum perimeces Fisher

1, Dissection of paratype; X 1. Note the very long intestinal spiral, few Polian

tubules, relatively short nephridia; absence of fixing muscles (intestinal

anchors). Oblique muscle bands of body wall are indicated.

2, Another specimen showing esophagus, contractile vessel, rectum, and top of

intestinal spiral; X 2.

3, Enlargement of posterior end of contractile vessel of figure 1.

A, anus; CV, contractile vessel; A', nephridium; 0, esophagus, O', postesophageal

intestine; PT, Polian tubules; S, spindle muscle; W, wing muscles.

Plate 34

Dendrostomum dyscritum, new species

1, Dissection of a specimen from Monterey Bay (see pi. 30, fig. 3); details of

Polian tubules omitted. F^-F^, fixing muscles (see also figure 87) ; G, gonad.

2, Skin gland from posterior third of body; X 200.

3, Contracted specimen from near Point Conception; X 1.

4, One of the paratypes, Monterey Bay; X 1.

5, Detail of end of the intestinal spiral.

Plate 35

Dendrostomum. lissnm, new species

1, Type; X 4. The Polian tubules have been omitted for simplification and

only upper coils of intestinal spiral are indicated.

2, Type; X 3. The dorsal branch of each dorsal tentacle has been removed to

show the heart-shaped nuchal organ.

3, Two of the glands from body just anterior to the posterior dark area; X 200.

4, Oral disk and bases of the four or eight tentacles; X 0. The arrows indicate

the primary radii.

A, anus; F^-F^, fixing muscles; G, gonad; A'", nephridium; A^^', nephridiopore; NO,

nuchal organ.
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Plate 36

1, 2, Phascolosoina punlarenae Grube, Panama. Dorsal papillae from postanal

region, 0.105 by 0.14 mm.; X 200.

3, Phascolosoma agnssizii, Kefcrstein; Monterey Bay, Calif. A dorsal papilla

from postanal region, 0.2 by 0.24 mm., to show typical arrangement of

platelets; X 200.

4, Phascolosoma agassizii; X 16. Dorsal view of head. The crown of 24

tentacles has been bent rather unnaturally dorsalward; nuchal organ in

middle.

5, Phascolosoma agassizii; X 2. Large specimen from Humboldt Bay, Calif., to

show origin of ventral retractors; nerve cord omitted from midventral

line + +.
6, Phascolosoma agassizii; X 2. Dissection of a specimen from Bodega Head,

Calif., near the type locality. A short section of esophagus has been

removed to show attachments of fixing muscle F (F', esophageal branch)

;

A'', nephridium.

Plate 37

Hooks of specimens from Panama to Humboldt Bay, Calif., for comparison.

Measurements in millimeters; the first number is total height; the second is

extreme width of base. Enlarged X 400.

I, 2, Phascolosoma punlarenae Grube, Panama; 0.059 X 0.07 and 0.05 X 0.05;

a, the thickening of base similar to that of Ph. nigrescens (pi. 39, fig. 2).

3, Phascolosoma punlarenae, from Espfritu Santo Island, Baja Calif.; 0.0875 X
0.077.

4-15, Phascolosoma agassizii Keferstein:

4, San Quintin, Baja Calif.; 0.063 X 0.059.

5, Santa Rosa Island, Calif.; 0.07 X 0.07.

6, 7, Point Pinos, Monterey Bay, tide pool in granite rocks; 0.08 X 0.08 and

0.087 X 0.066.

8, Montere}' Bay, from colony of AUopora, 50 feet depth; 0.06 X 0.06.

9, 10, Monterey Bay, common tide pool form from under granitic stones on

fine sand or mud. From same specimen, 0.063 X 0.063 and 0.063

X 0.056.

II, Monterey Bay, at Hopkins Marine Station, form with dark purple brown
introvert markings; 0.059 X 0.063.

12, Bodega Head; 0.059 X 0.059.

13, 14, Mendocino, from one of Keferstein's paratypes; 0.06 X 0.06 and 0.056

X 0.05.

15, Humboldt Bay, from a light colored specimen; 0.07 X 0.066.
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Plate 38

Phascolosoma agassizii Keferstein

Figures of hooks for comparison, continued from plate 37:

IG, 17, Humboldt Bay; same specimen as figure 15; 0.063 X 0.052 and 0.066

X 0.05.

18; Humboldt Baj'; from one of the darkest brown specimens; 0.063 X 0.05.

19, 20 Crescent City, from same specimen; 0.059 X 0.059 and 0.052 X 0.056.

21, 22 Friday Harbor, Wash.; 0.077 X 0.08 and 0.063 X 0.063, different speci-

mens.

23, Ucluclet, British Columbia; 0.07 X 0.07.

24, Huston Inlet, Queen Charlotte Islands; 0.073 X 0.073.

25, Sitka, Alaska; 0.073 X 0.07.

26, Kodiak, Alaska; 0.042 X 0.049.

27, 28 Cape Fox, Alaska, same specimen; 0.052 X 0.0595 and 0.056 X 0.05.

29, 30 Monterey Bay, vicinity of Point Pinos, from j'oung specimen 20 mm.
long, introvert extended, 0.038 X 0.031. Figure 30 is X 400 and 29,

another hook, X 800.

31, Humboldt Bay, Calif. Modified papillae from preanal region of a large

dark brown female specimen, X 20; at lower right a papilla in profile.

The papillae are bent away from introvert.

Plate 39

1, Phascolosoma agassizii Keferstein, Humboldt Bay, Calif.; X 2. A specimen

in which the fixing muscle has been strongly contracted so that the rectum

is lengthened. C, coecum; F, fixing muscle; F', its esophageal branch;

A^C, nerve cord; RV, left ventral retractor; S, anterior end of spindle

muscle; W, wing muscles, 1, 2, S, et cetera, muscle bands to right and

left of nerve cord.

2, Phascolosoma nigrescens Keferstein, Albatross station 4160, Hawaiian Islands;

a hook 0.07 X 0.08 mm., X 400, for comparison with Ph. puntarenae;

, a, the thickening or fold in the basal plate characteristic of nigrescens.

3, Phascolosoma puntarenae Grube; tentacular crown, X 8; nuchal organ in

middle.

4, Phascolosoma dentigerum (Selenka and de Man), San Carlos Bay, Baja Cali-

fornia; X 30. Tubercles from dorsal surface of a contracted specimen, a

short distance in front of anus which is below middle of figure.

5, Phascolosoma dentigerum; X 2. Specimen from El Pulmo Reef, Baja Cali-

fornia, to show areas of enlarged tubercular papillae. A, anus.

6, 7 Phascolosoma dentigerum. Two hooks, 0.056 X 0.063 and 0.056 X 0.05

mm.; X 4C0.

8, P'lascolosoma antillarum., Grube and Oersted, an egg; X 100.

9, Phascolosoma antillarum; X 3. Dorsal aspect of anterior portion of speci-

men from Espiritu Santo Island, showing tentacular crown, the heart-

shaped nuchal organ in center, second collar, introvert, and anal region

(darker). An introvert papilla shown enlarged.
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