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The aim of this paper is mainly to contribute to the knowledge of
the aseidian fauna of the California coast south of Point Coneeption.
In it are included deseriptions of all the new species of which speci-
mens are contained in available collections; also a list, with supple-
mentary notes, of all the species of the region previously described
from the same area. This limitation in the scope of the study has
led us to exelude from it a eonsiderable number of species which in
all probability ought to be included, but are not, because they are
known to us only from the localities north of the Point. More exhans-
tive collecting, particularly on the Santa Barbara Islands and the
opposite mainland, will undoubtedly bring to light many species which
we now know only from northern loealities, where much more eolleet-
ing has been done than anywhere south of the Point exeepting the
San Pedro and San Diego regions.

The eonsiderable number of species here recorded as ocenrring at
La Jolla and San Diego only may be taken as indieative of what is to
be expected when other portions of the eoast have been as well searched
for ascidians as this. Nor should it be supposed that even the La
Jolla—San Diego region has been exhaunsted.

The two lists here given of species, with the families to which they
belong, inelude all the aseidians of the sonthern California littoral zone
known to seience, and also those not vet known from the littoral, but
ocenrring off shore in depths of water so shallow that they may he
expected to be found on shore.
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LIST OF SPECIES

Family Molgulidag

1. Molgula verrucifera, n. sp.
Family Haloeynthiidae

2. Halocynthia johnsoni Ritt.
Family Styelidae

3. Styela montereyensis (Dall)

4, Styela gibbsii (Stimp.)

5. Styela Barnharti, n.sp.
Family Ascidiidas

fi. Ascidia californica, n. sp.
Family Rhodosomidae

7. Cheylosoma productum Stimp,
Family Cionidae

8. Ciona infestinalis L.
Family Polyzoidas

9. Metandrocarpa dura (Ritt.)

10, Metandrocarpa michaelzeni, n. sp.

11. Polyzoa translucida, n. sp.
Family Botryllidas

12. Botryllus tuberaius, n. sp.

13. Botrylloides diggensiz, n. ap.
Family Perophoridag

14. Perophora annectens Ritt,
Family Polyeitoridae

15. Distaplia occidentalis, n. 8p.

16, Eudistoma psamniion, n. gp.

17. Endiztoma diaphanes, n. sp.
Family Didemnidae

18, fhdemnum carnwlentim, n. 8p.

19, Thdemnum carnulentum lactealum, n. var,

20, Trididemnum dellavallel, n. sp.

21. Diplosoma pizoni, n. sp.

22, Diplogomaides caulleryt, n. sp.
Family Synoicidaa

23, Glossophorum planum, n. sp.

24, Macroclinum par-fustiz, n. sp.

25. Macroclinum peillucidum, n. sp.

26. Amaroucivm californicum, n. ap.

27, Amarcucium solidum, n. sp.

28, Amaroucium aequali-ziphoniz, n. sp.

20, Enherdmania claviformiz Ritt,

To be added to these withont mueh donbt, becanse known from

depths of 50 fathoms and less are:
1. Halocynilia oka: Ritt.
(Enown in depth of 10-80 fath. Ritter, 1907.)
. Microcosmus transversus Ritt.
(Known in 3% fath., Ritter, 1907.)
3. Boltenia echinata Hitt.
{Known in 21 fath. Ritter, 1907.)

[
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4. Styela hemicacspitosa Ritt.
(Known in 2% fath. Ritter, 1913.)

o, Asecudia ( Phallusia) vermiformiz Hitt,
{(Known in 30 fath., Ritter, 1913.)

6. Psammaplidium spaulding: Ritt.
{(Enown in 33 fath. Ritter, 1913.)

7. Trididemuum (Didemnum) opaciwin Ritt,
(Known in 33 fath. Ritter, 1013.)

Search for these seven species in the littoral zone will be among
the interesting motives of future ascidian collecting.

SyYNOPTIC DESCRIPTIONS OF (GENERA

The following synoptic deseription and arrangement of the genera,
representatives of which are treated in the paper, has been drawn up
primarily for the use of students, other than speeialists on aseidians,
who may want to use the loeal speeies in more general zoologieal or
biological studies. This being the main purpose, questions of the best
system of elassification and nomenclature, with which specialists in the
group are much interested at present, are considered no further than
to make sure that all deseriptions, definitions, arrangements, and
names have the sanction of at least some of the most experienced
aseidiologists.

Suborder 1. ASCIDIAE SIMPLICES

Individual animals of considerable size, rarely less than 1 em. in diameter;
very irregular in form but predominantly massive; sometimes semitransparent,
gometimes leathery in appearance, sometimes coated with sand; sedentary; often

firmly attached to rocks and other objeets in adult life; never, as here under-
stood, propagating by budding,

Genus 1. Molgula (Caesira, some authors)

Body usually unattached beecause the animal lives on sandy or muddy bottoms,
but sometimes attached to rocks, oceasionally pedunculated. PEranchial orifice
fi-lobed, atrial 4-lobed,

Chuter coat (test) somewhat cartilaginous, leathery or membrancous, fre-
gquently covered with sand, which may be attached to hairlike processes or
embedded in the surface laver.

Branchial tentacles always compound.

Branchial sac with well-developed folds, usually from five to seven on cach
side; the branchial slits (stigmata) almost always carved, or oven developad
into spirals and arranged in poekets or ampullae in the branchial folds.

Intestine always on the left side.

Sernal organs usually on both sides but not infrequently on one side only;
when so, almost always on the left. Owvary and testis more or less intimately
associated.

Erxcretory organ on the right side only, with the exception of one genus,
Ehizomalgula, in whieh it is on the left side,
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Genus 2. Halocymthia (FPyura, some authors)

Body mostly approaching globular, always firmly attached, sometimes short-
pedunculate; surface usually free from foreign substances but often bearing
processes of various kinds; both orifices 4-lobed.

theter cont (test) usually leathery, rather cartilaginous and semitransparent.

Branchial tentacles always compound.

Branchial sac with folds, usually well developed; prevalent number from four
to seven, but a few species with a smaller number and a2 few with as many as
fifteen ; dorsal lnmina always with proeesses or languets.

fntestine on the left side, forming a wide loop.

Seryal organs on hoth zides,

Genus 3. Styela (Tethyum, some authors)

Body attached, not infrequently pedunculate, sometimes coated with sand;
hoth orifices 4-lobed, often inconspicuously so.

Outer coat leathery, usually thin, surface tyvpieally unarmed,

Tentacles both branchial and atrial present, both kinds simple, branehial
larger.

Branchial gae with four folds on each side, zome-of which may be much
reduced in size.

Intestine on left side, stomach frequently long with narrow folds in the wall,

Sernal organg on both sides, ovary typically in several sausage-shaped masses
with the testes arranged about them in smaller lohes.

ienus 4. Ascidia (Phallusia, some authors)

Body attached, almost always sesgile, surface usually smooth and free from
foreirn substanees; branchial orifice 8-lobed, atrial G-lobed.

Outer coat usually transparent or nearly so, soft or eartilaginous,

Branchial tenfacles simple, usually numeroug and slender.

Branchial sac never with prominent folds, but often with many small plica-
tions; papillae on the inner surface at the intersections of the longitudinal and
transverse vessels; dorsal laming a membrane extending belind the rmplmgml
Opening.

Intestine on the left side.

Serual glands situated within the intestinal loop.

Kenal vegicles present, numerous, confined to the wall of the intestine.

Genus 5. Chelyosoma

Body flattened from abowve, the upper surface covered with tortoise-shell-
like plates; hoth orifiees G-lobed.

thiter coat cartilage-like, translucent, the anterior part differentiated into
horny plates.

Branchial sae, general type that of Ascidia and Ciona, but stigmata strongly
curved or coiled; dorsal languets as in Ciona.

Intestine located ventrally, sometimes to the right, sometimes to the laft;
stomach wall, in part, chambered.

Serual organs forming a network on the intestinal loop,

Genus 6. Clona.

EBody cylindrical, attached; branchial orifice 8-lobed, atrial 6i-lobed, lobes not
prominent,

fhiter coat thin, transparent, soft.

Branchial tentacles simple, slender,
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Branchial sac much as in dscidia, but with a series of languets in place of
dorsal lamina.

Integline wholly or largely behind the brancial sac,

Sexual organs in the intestinal loop.

Suborder 11, ASCIDIAE COMPOSITAR
Imdividoals, called zooids, produced asexnally by budding; typieally many;
small, nsually less than 1 cm. lomg; in most genera conaected together by per-
manent stelons and embedded in a common mass of cellulose mantle or test;
but in some genera zopids larger and oot fully embedded in the common mass;
the whole group of zooids, produeed from a single parent, called 8 eolony.

Genus 7. Metandrocarpa

Colony encrusting on rocks, seaweeds, and other objects; zooids never ar-
ranged in systems; cellulose mantle tough; color brick-red,

Form of zooid slobular, body not divided into sections.

Branchial sac without folds but with internal longitudinal vessels; branchial
and atrial tentacles present, all simple,

Intestine short, situated on the left-ventral side of the branchial sae: stomaeh
with a series of folds and a large eaceum.

Serpal glands two series of mazzes called polyearps, one on each side of the
endostyle, each polyearp with its own short duct opening into the perbranchial
chamber ; the anterior polycarps of each series female, the posterior male.

Fudding thoracie,

Genus 8, Polyzoa

Like Metandrocarpa excapt:

Colony with zooids wnited only by strands; no common investing eellulose
mass; eolorless, transparent,

Seaual glands all hermaphroditic polyearps.

Genus 9. Botryllus

Colony thin and encrnsting; zooids wholly embedded in common eellulose
mass, arranged in rerular or somewhat elongated *fsyetems ' around a common
atrial opening; eellulose mass containing many vesgels terminating in ampullae;
eolor varions, often very conspicuous,

Form of zocidzs generally elliptical, body not divided into sections.

Branchial sae without folds but with a fow internal longitudinal vessels,

Irtestine on left side at posterior end; stomach with folds and a caecum.

Herual glands a single pair of hermaphroditic masses, one on each side of a
branehial sac.

Budding thoracic.

Genus 10, Botrylloides
Like Rotryllus except:
Colony with zooids arranged in long-elliptical or tortuous systems,

Genus 11. Perophora
('ﬁiﬂl:llrj composed of zooids conected by stolons, partly or wholly embedded in
cellulose Il-l:l!i!-'l', zonids mever in systems; transparent to vellowish white,
Form of zooids spheroid, body not divided into sections; branchial orifice
G-lobed, atrial 5-lohed.
Branchial sgae without folds, with internal longitudinal vessels or papillas; a
series of languets along mid-dorsal line.
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Imtestine on left side; stomach wall not folded, intestine divided into several
distinct sections.

Sexual organs on left side in the intestinal loop, ovary a single mass, testes
in numerons lobes,

Budding stolonic.

Genus 12, Distaplia (Holozoa, zome authors)

Colony wsually conzizting of short club-zhaped or eapitate masses clogely
united at base; zooids typically in svstems with distinet common atrial orifices;
eellulose mass soft, usually highly colored.

Form of zootds: body elongated, separated into thorax containing hranchial
sae, and abdomen containing intestine and sexuwal organs; branchial orifice
fi-lobed, atrial with a long dorsal tomgue, or languet.

Branchial zac with neither folds nor internal vessels, four scries of stigmata.

Intestine a simple, elongated loop; stomach ovate, wall not folded but with
a network of fine ridges on inner surface,

Herual organs: ponads situated on the right-posterior part of the intestinal
loop, ovary very simple, ripe ova large; testis composed of a few masses;
larvae develop in an ineubating pouch,

Fudding stolonie.

Genus 13, Budistoma

Colony massive and variously lobed; dull white or dark from covering of
sanid; zooids not usually grouped in systems,

Form of zooids: body elongated, divided inte thorax and abdomen; a long
ectodermal process usnally given off from posterior end of abdomen; orifices
cach G-lobed.

Branchial sae simple with few (three to five) series of stizmata.

Intestine a long, nearly straight, simple loop; stomach smooth-walled, fre-
quently far back in the abdomen,

derual organs: gonads alongside the intestinal loop, far back; ovary simple;
testis of numerous lobes; no incubating pouch,

Genug 14, Didemnum

Colony always closely encrusting, usually verv thin, rarely somewhat mas-
give; cellulose material containing stellate ealeareous spicules; zooids not in
gvstems; color white or variously tinted.

Form of zooid: divided into thorax and abdomen; bramehial orifice f-lohed,
atrial orifice plane, situated on dorsal side of thorax,

Branchial sac with four rows of stigmata.

Intestine a simple loop, itz posterior part usvally containing the stomach;
gtomach smooth-walled,

Serwal organs situated on the left-posterior side of the intestinal loop; ovary
very simple, ripe ova very large; vas deferens wound in a close spiral aronnd
the testis.

Genus 15, Trididemnom

Bearcely differing from Didemnum exeept in the number of stizmatic series,

these heing here three; colony perhaps typically somewhat more fleshy,

Genus 16, Diplosoma
Colony mostly thin and eéncrusting, soft and lax because of numerous great
gpaces in the transparent eellulogse mass; svatems where present very irresular.
Form of zopids: divided into thorax and abdomen; not sharply separated
from each other; branchial orifice G-lobed, atrial a large, simple opening,.
Branchial =ac with four rows of stigmata.
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Iutestine a simple loop; stomach smooth-walled.
Serual organs: gonads on right-posterior side of intestinal loop; ovary simple,
eges very large, few in number; testis not many-lobed, vas deferens not coiled.

Budding intestinal.
Gienus 17. Diplosomoides

Similar to IMplosoma but calearious spicules in the cellulose mass; a languet

over the atrial orifice,
Genus 18, Glossophorum

Colony massive, sub globular or lobed, sometimes pedunculate; zooids mostly
in distinet systems,

Form of zooid much elongated; body divided into three sections: thorax,
ghdomen, and postabdomen; branchial orifice 6-lobed, atrial with a languet.

Branchial sac well-developed, as many as twenty rows of stigmata; papillae
on the inner surface of the branchial membrane along the interserial vessels.

Intestine a e¢loge, twisted loop szituated clese behind the therax; stomach
amonth-walled,

Gondds, ovary and testis eommingled, making a rather compaet mass, situated
in the stalked postabdomen,

Budding stolonie.

Genuns 19, Macroclinum

Colony massive or divided into club-shaped picces; sometimes coated with
sanid.,

Form of zomid elongated, divided into thorax, abdomen, and postabdemen,
tha last not constricted from the abdomen and variable in size and make-up;
branchial orifice 6-lohed, atrial with a well-developed languet,

Branchicl sac: many rows of stigmata, twenty in some species,

Intestine: loop not twisted, stomach wall not folded but inner surface un-
eVEn in B0me species,

Gornads cloze behind the intestinal loop; ovary simple, surrounded by the
numerons masses of the testis.

Budding stolonie,

Genns 20, Amaroncinm

Colony variable, thin and enerusting, massive or divided into pedunculated
gcetions.

Farm of rooid elongated, divided into thorax, abdomen, and postabdomen,
the latter often lorn
languet.

Branchial sac; rows of stigmata, mostly less than twenty,

Intestine : loop simple, stomach wall folded.

Gonads in the postabdomen, usuwally somewhat removed from the intestinal
loop; ovary simple, testis many-lobed, seattered along the postabdomen.

1 and exlindrieal; branchial orifice 6G-lobed, atrial with a

Gienus 21. Buherdmania

Colony eonsisting of large, eclongated zooids, wholly separated from one
another except for the bazal stolonic attachments, making the condition com-
monly known as aocial; eolor opagque white, or transparent,

Form of zooidz: length as great as 3 om.; divided izto thorax, abdomen, and
postabdomen, the last very short; both orifices G-lobed,

Branehial sac with twelve rows of stigmata,

fatestine a very long, simple loop, the esophagns making one of its limbs;
gtomach with folded wall situated near the loop.

Bernal organs: gonadz in the short postabdomen; ovary simple; testizs in
many separate masses; embryos developed in the long, straight oviduct.

Fudding not known, probably stolonie.
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DESCRIPTION OF SPECIES

NoTE—The formula for the number and arrangement of vessels
on the inner surface of the branchial membrane of simple ascidians,
adopted by Ritter in his later papers on aseidian taxonomy, is used
in the deseriptions. Thus:

( 1-7-2-6-0, ete. R.

2-8-1-7-2, ete. L.
means that counting from the endostyle (e’d’s) the vessels of the right
side (R) number 7— —6, ete., on the folds and 1- 2— -0, ete., between
the folds. The other row of numbers is self-explanatory.

e'd’s

Molgula verrucifera, n. sp.
Fl. 38, fiz. 5; pl. 40, figs. 15-20

Superficial characteristics—Regular in outline except for adhering
foreign bodies, nearly spherieal but usually somewhat depressed and
covered with heavy coating of sand. Siphons not far apart and rather
conspienous thongh entirely eovered with sand (pl. 38, fig. 5). Size:
Bby 6 by 5mm.; 8 by T by 6mm.; 8 by 7 by 5mm.; 8 by 6.5 by
G.omm.; 8 by 6 by 6mm.; 8 by 6.5 by 9mm.; 10 by 8 by 7.5 mm.
Test thin but firm, sandy covering adhering to its numerons fine
processes.  Mantle thin; the longitudinal musele bands radiate from
the siphons and spread ont on the sides of the body so as to he sep-
arated by eonsiderable spaces, extending to abont the middle of each
side.  Finer cireular musele bands are eonfined to the siphonal regions.
Musenlature of the two siphons about the same in strength,

Branchial system.—When removed from the test, the two siphons
are of about equal length although atrial is usually more slender.
Branchial orifiee 6-lobed with tentacle-like proeesses inserted around
its edge.  Of these processes six long ones are arranged symetrically
and alternating with them are two smaller processes (pl. 40, fig. 18).
Atrial orifice 4-lobed, also with tentacle-like proeesses inserted on its
edge (pl. 40, fig. 17). Branchial tentacles 16-20, nsually of two sizes
alternatine with each other and elosely erowded around branchial
orifice. Each tentacle bipinnate, the branches ending bluntly and
often swollen at tips (pl. 40, fiz. 19). Hypophysis opening an elon-
gated slit, the ends of which may eurve one way or the other to give
rise to the variations whieh appear in different individuals, situated
on right =side of anterior end of the elongated ganglion (pl. 40, fiz. 20).
Branchial sae with seven well-developed folds on each side (b.f. pl. 40.
fir. 15), those next to the dorsal lamina very short. Formula of
internal longitudinal vessels:

var. | 40-6-0-6-0-6-0-6-0-6-0-3-0- R.

COB | 2050 606060 5 (g0 )
The vessels are confined to surface and upper halves of the curved
folds, nsually the same number on each side, but those on convex sides
always stronger. Five primary transverse vessels ocenr, intercepting
two infundibula on each fold. Secondary transverse vessels present,
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one between each of the two infundibula thus intercepted. Finally
tertiary vessels are often found on the faces of the infundibula, where
they divide the stigmata of the faces and separate the two short spirals
which, in such cases, often ocenr at the spaces of the infundibula.
Usually the stigmata at the apex of an infundibulum form a single
gshort spiral (pl. 40, fig. 16). At the posterior end of the sae, the
stigmata beecome irregular, assuming s-shaped and spiral forms.
Dorsal lamina a plain membrane with thickened edge. Endostyle
(end., pl. 40, fiz. 15) long and slender.

Digestive system.—Situated on left side of the body, forming a
long elosed loop which in turn forms a regular curve on posterior
dorsal portion of that side (pl. 40, fiz. 15). Esophagus (¢), not quite
as long as stomach, emerges from dorsal posterior portion of branchial
sac. Stomaech (s.) thin-walled, smooth, over twice as long as wide,
and of not much greater diameter than intestine. On inner surface
of esophagns and stomach, and extending beyond them is a voluminous
rosette-shaped reddish-brown liver (I, pl. 40, figz. 15). This made
up of two distinet portions, each consisting of numerons radiating
elongated eaeca. Anus plain-edged, situated in peribranchial cavity
near the emergence of esophagus and near atrial siphon.  Kidney
hean-shaped, and located on vight side and ventral portion of the body
just posterior to ovary. to which it is almost equal in size,

Reproductive system.—Consists of two hermaphroditic gonads, one
on each side of the body. Owaries large, irregularly oval, somewhat
flattened bodies, that on left side situated just anterior to intestinal
loop (pl. 40, fiz. 15). Short oviduet arises from anterior edge of
ovary and opens into peribranchial eavity where the larvae develop.
Specimens taken in July and in October had numerous tadpoles.
Testieular lobes (f., pl. 40, fiz. 15) comparatively few, sitnated on
posterior border of ovary.

Habitat and distribution.—On the exposed surfaces of roeks
usually, but sometimes on the under surfaces, in the littoral zone, La
Jolla. California. M. verrucifera undoubtedly oceurs at other places
than La Jolla but has not vet been collected elsewhere.

This species belongs to the small group of molgnlids in which hath
branehial and atrial orifices are armed with well-developed proeesses.
On this basis it wounld fall into the genus Cetenicelle as defined by
Lacaze-Duthiers. We agree. however, with those recent ascidiologists
who consider the group recognized by this author as too small and
heterogeneons to he profitably accepted as a genus.  Nor does our
speeies eome near to accommodating itself to Cefenicella as redefined
by Hartmeyer. There is no course open to us, therefore, but to place
it in the genus Molgula, in which group it ocenpies a fairly distinet
place by virtue of the possession of the siphonal processes.

The speeific name has reference to the wart-like appearance of the
siphons even in preserved speeimens,
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Halocynthia johnsoni Ritt.
Haloeynthia johnsoni, Ritter, 1000,

A striking thing about this spercies is its great abundanee in San
Diego Bay, and the large size reached there by the individuals, as
compared with what one finds on the open shores. Its favorite habitat
appears to be the piles of wharfs where, at times, it makes almost a
solid eoating. Although it must be counted as a native of the whaole
littoral zone, we have found only oceasional small specimens at outside
points.

Mention may be made of the faet that before San Pedro Bay was
completely dredged to make it a harbor, H. jolnsoni oecurred there
in the shoaler waters in enormous numbers on the bottom, associated
with several speecies of lamellibranch molluses.

Styela montereyensis (Dall)
Pl. 38, fig. 1; pl. 41, fig. 28-34

Cynthiaf ?) montereyensiz, Dall, 1871, p. 157,

Clavelinopsis rubra, Fewkes, 1880,

Foltenwaf ?) rubra, Herdman, 1581, p. 594,

Styela montercyensiz, Ritter, 1803, p. 30,

Styela montereyensiz, Baneroft, 1808, pp. 73 and 92,

Styela (sens. restr.) montereyensis, Huntsman, 1911, p. 131.

Although Stycla montereyensis was, so far as we know, the first
ascidian ever deseribed from the California coast, and though it has
been studied more, probably, than any other, beeause of the meager-
ness of the original deseription we deseribe it as fully as though it
were a new Sp"{'ii.‘ﬁ.

Superficial characteristics (pl. 38, fig. 1).—Long, club-shaped,
pedunculated ; prevailing color dark red. Pedunele at least as long as
body. often twice as long. Test firm, thick, opague, with abont twelve
corrugations. Transverse wrinkles often oceur, particularly at anterior
end and along pedunele.  Both orifices 4-lobed ; siphons always distinet,
the branchial being directed ventrally with a pronounced uniform
curve, the atrial directed anteriorly. DBody merges gradually into
pedunele.  Mantle fairly museular but semitransparent, containing
two layers of musele, an inner one of longitudinal bands overlaid by
a more delieate layer of transverse fibers crossing it at right angles;
both layvers become feeble posteriorly and wholly disappear in the
peduncle.

Tahle 1 ives measurements for Styela montereyensis from different
localities.
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TABLE 1
Styela montereyensis
Langth Length Mumber of
of of branchinl
Loeality body peduncle Longitudinal vessels of sae tentacles

San Diego { 7-14-10-16-13-16-9-22-7 R. 133

Bay 10 em. 19 em, end | 6-14-15-16-12-16-11-£2-7 L,
. . \ B-13-0-11-T=14-8-17-6 R. 100

¥, " 1
Pacific Grove 8 em. 8 em. end | 6-12-9-11-8-15-9-18-6 L.
Trinidad 3.5 em. 8 cm, and 6-9=-8-8-4-5-4-74-6 R. &0
MNorthern
Mendoring 1.5 em, 5 cmi, end JF-6—d4-8-4-7-5-10-3 R. fill
County
MNorthern
Mendocino *em, 3.0cm,  end 2—4—4-5-5-4-4-10-3 R. 55
County
3 L=l b
'"}t,‘;:i'nl:: :: 95em. Sem. end 3-7-5-§-5-8-5-12-5 R. 65
Coronado 2.5 em, 25em. end 3-4-56-3-4-3-59 1. 65
Half Moon

H:“: 1.5 cm, 2 e¢m. end 2—4—4-5-3-4-3-6-2 R. 50
P "
Point !-"““' 1.6 em. 1.8em. end 2-7-3-10-3-7-3-12-3 R. 56

ception
FPebble Beach 1 em. 1 em. end 2-5-3-68-3-5-2-5-3 R. 410

Branchial system.—Branchial tentacles numerous, long, slender,
inflated, varving in size and number, maximum being about 130 (pl.
41, fig. 30). Atrial tentacles numerons, flliform, seattered over inner
surface of a velum near base of atral siphon ; outer surface of velum
applied to wall of atrial siphon (pl. 41, fiz. 32). Dorsal tuberecle
prominent, hypophysis mouth of horseshoe type, varying greatly in
different individuals. Branchial sac with four folds on each side, those
next the dorsal lamina having the greatest number of longitudinal
vessels. Longitudinal vessels on folds and in spaces vary greatly in
number with size of individual. Transverse vessels eross longitudinal
vessels and produce the meshes which are about square.  Number of
stigmata in a mesh from three to ten. Dorsal lamina a plain mem-
brane. Endostyle tortuous at anterior end. Spinules ocenr on inner
surface of siphons, their free margins rounded and their surfaces
longitudinally striated (pl. 41, figs. 33 and 34). Fach spinule a single
cell with a single nuelens situated somewhat nearver the base than the
apex of the cell. The longer, more or less pointed striated part of the
eell is a thin, indurated layver making something like a shield on the
cell's back, The existence, in an animal as high in the animal kingdom
as the ascidians, of struetures which consist of a single cell and present
differences in different species, is a fact deserving special mention.
Huntsman (1911) was the first to deseribe the spinules in detail, and
we are glad to be able to confirm his observation that the structures
are regularly different. at least as between S. monfereyensis and S,
yaculatensis.
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Digestive system (pl. 41, fig. 29) —On left side of animal. Stomach,
in lower left half of body near ventral side-wall, possessing about
thirty close, regular, ridges or folds. Esophagus somewhat less than
half as long as stomach and joins latter at its posterior end. Long
axis of stomach parallel with that of body. Intestine, immediately
upon emerging- from the pylorus, bends posteriorly and lies along
upper half of stomach ; it makes U-shaped bend anteriorly to form the
rectal arm, which is about twice as long as the deseending portion ;
anus with from six to sixteen blunt lobes. Inside the intestine, run-
ning its entire length, is a broad, fleshy fold that rolls up to form a
tube, At the pylorus this expands into a bulb eleft on its surface,
Running the entire length of the intestine is a clear, thin strip of wall
about opposite the fold. In the stomach near the dorsal side is a fold-
less strip, the width of several folds. A larger and broader fold than
the others borders this plain surface on one side.

Reproductive system (pl. 41, figs. 28, 29, and 31).—Ovaries much
clongated, evlindrical masses, two on each side of the body: those on
the right longer, extending nearly entire length of the body ; those on
the left considerably shorter. Of these latter the larger lies in the
loop of the intestine and follows the reetum. The smallest ovary
extends diagonally from the pylorie end of the stomach to end near
its partner. Ovarian evlinders narrow down to short necks or oviducets
near base of atrial siphon.  Arranged along hoth sides of the elongated
ovaries are series of testienlar lobes, whose duets unite on the mid-
line of the inner surface of the ovary, and the common vas deferens
thus formed ends as a papilla, a little short of the termination of the
oviduet, The shape of the testicular lobes varies considerably, being
simple and elub-shaped in the vounger individuals, but becoming
hifurcate and irregularly branched in the larger ones.

Breeding time—The summer months at least. in Monterey Bay.
Obsgervations on the point have not been made at other times and in
other localities.

Habital and distribution.—The littoral zone from British Columbia
at the north to the sonthern limit of the UUnited States at the south,
according to present knowledge.

That this. one of the earliest known and most familiar ascidian
species of Paecifie North America, should have remained to this time
without a detailed deseription is one of the vieissitudes in the progress
of knowledge of our local marine fauna.

Although the specifications as to eolor in the diagnosis is the
simplest statement that ean be made, it wonld have to be mueh modi-
fied to make it apply to all individuals. Rarely if ever does it happen
that a grown specimen is uniformly colored. The anterior part and
one whole side of the animal are frequently more highly eolored.
Oceasional specimens are almost devoid of the red color.

The futines of the test are real structural differentiations and not

mere folds, the test being much thicker in the ridges than in the
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vallevs., A eross-section of the ridges reveals, even to enrsory inspee-
tion, the fact that the outer half, approximately, of the test-substance
of the ridge is denser and more opaque than the inner part. This case
of sharp differentiation within the mass of a structure prodoced
mainly by seeretion should repay investigation.

Partienlar attention may be called to the fact so elearly brought
out in the table, that the number of inner longitudinal vessels of the
branchial sac, both on and between the folds, inereases regularly and
continnously with the inerease in size, and hence presumably with the
age of the animals.

Equally elear is it that the branchial tentacles also increase in
number. This result corresponds with what was found by Ritter
(1913) in several other species, but 1t 1s interesting to notice that
certain differences in the mode of inerease of parts in different species
is indicated. For example, while the addition of new branchial ten-
tacles in 8. montereyensis is obvious for a large portion, at least, of
the individual’s life, this seems to be rather exceptional; for little or
no inerease in number oceurs in Haloeyntlhia awrantium, Bolleaia
ovifera, and Styela macrenteron, species previously studied with refer-
ence to the same point.

Although the three stalked species of Styela oceurring on the
Pacific Coast of North America are well known to the senior author
of this paper, two of them, 8. greeleyi and 8. yacutalensis having been
deseribed by him, until recently there has been some doubt in his mind
about the specific distinetness of the three. But the studies of Hunts-
man and our own have removed the doubt.

It is noteworthy that this species, like several other ascidians,
seems to flourish much better on the piles and other similar objeets
introdueced into the water than on the natural shore rocks. The semor
author has eollected 8. montereyensis from many points on the coast
from San Diego to Mendoeino, but has never seen a speeimen of any-
thing like maximum size growing on native rocks. The largest indi-
viduals seen were on the piles of the wharf at Santa Barbara; and at
no other point has it been found in such abundance as there. How-
ever, it ocenrs in abundance and large size on the wharfs and break-
waters in the vieinity of Los Angeles,
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Styela gibbsii (Stimp.)
Cynthia gibbsii, Stimpson, 1864, p. 158,
Styela gqibbsii, Herdman, 1898, p. 261,
Styela gibbsii, Ritter, 1907, p. 23.
Tethyum gibbsii, Hartmeyer, 1908, p. 1359,
Styela (sens, restr.,) gibbsii, Huntsman, 1911, p. 131,

This is one of the most widely distributed ascidians of the west
coast of North Ameriea, it being now recorded from British Columbia
to San Diego, and from the littoral zone to a depth of forty fathoms.
On the coast of southern California it appears to be rare along shore,
but fairly ecommon down to a depth of forty to fifty fathoms.

Styela barnharti, n. sp.
Pl 38, fig. 2; pl. 42, figs. 39 and 40

Superfictal characteristics—Roughly elliptical in outline, almost
twice as long as broad, with branchial siphon sessile and directed
anteriorly ; atrial orifice a short distance below it on dorsal side. Each
orifice 4-lobed and surrounded by four flattened, smooth mammillae
corresponding to the lobes. Entire surface of the body mammillated
with large rounded protuberances, exeept for the flattened dise of
attachment (pl. 38, fig. 2). Test thick, firm, tongh and semitrans-
parent. Color reddish vellow, the red being most intense on the
anterior end. Mantle strongly muscular, museulature consisting of
longitudinal overlaid by weaker eireular bands. Cirenlar museles most
strongly developed in siphonal regions. Size of largest animal in-
vestigated : length 4 em., diameter 2.25 em.

Branchial system —Branchial tentacles of several sizes, about forty.
Atrial tentacles numerous, very small, slender, and tapering: in a
single cirele on inner surface of a narrow velum which is folded up
against the wall of atrial siphon but not smoothly, the result being
that the atrial tentacles are inserted in the bottom of a groove formed
by a fold in the velum. The free edge of the velum and the rounded
edge of the fold, between and beyvond which the tentacles extend, are
on about the same level. Spinules, each consisting of a single eell,
oceur on inner surfaces of siphons ; rounded and toothed at their ante-
rior ends with striations corresponding to the teeth on the dorsal sur-
face ; nueleus of the eell sitnated toward the posterior end. Spinules
very similar to those of 8. montereyensis. Dorsal tubereule horseshoe-
shaped with ends curled inward. Branchial sac with four folds on
each side. The distribution of the longitudinal vessels on the two
sides for the large individual was:

o'q’g § 0-16-9-14-6-14-8-15-6- R.

° | 6-16-10-16-6-19-T-16-6— L.

Transverse vessels of four orders and regularly arranged. Order of
ocenrrence: 1-4-3-4-2-4 34 1: those of fourth order crossing the
stigmata. Dorsal lamina a plain broad membrane.
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Digestive system.—On left side of body. Esophagus (e., pl. 42,
fig. 40) emerges from dorsal posterior portion of branchial sae and
curves into stomach, which is over twice as long as wide, and has about
thirty-five longitudinal folds. Stomach lies along ventral and poste-
rior portion of the animal; from its pyloric end the intestine runs
anteriorly considerably past the middle of the body, then forms a
loop and runs posteriorly parallel to itself and the stomach and to the
left of the cardiae portion of the stomach, where it again forms a wide
loop and runs anteriorly along dorsal portion of the animal, becoming
somewhat convoluted just before reaching atrial orifice, where it ends
in an anus bordering by many rounded lobes (pl. 42, fig. 40). Endo-
earps very numerous on intestine as well as on mantle.

Keproductive system.—Gonads probably nine in number on the
richt side and three on left side: those on the right in two groups.
On the right side toward the dorsal surface are six parallel ovarian
evlinders (o, pl. 42, fig. 39). Of these the two middle ones are largest
and seem to be eontinuous with each other at their posterior ends.
although this may be due to erowding, as the glands were distended
with ripe eggs. The two pairs of outside ovarian eylinders are less
than half the diameter of the middle ones, all endine in tubular ovi-
ducts at their anterior ends somewhat below the atrial orifice. .Just
posterior to and partly concealed by the most ventral of these ovaries
is a verv small evlinder making the seventh of the group. Testicnlar
lobes are thickly att: e |'|r-:1 to the inner surfaces of the evlinders and
their vasa efferentia |n|n the vas deferens running along the center of
each eylinder to end in a free tubular portion similar to and just back
of the oviduet. The second group of two gonads of the right side is
anterior to the gronp just deseribed and transverse in position. The
testieular lobes in this group extend considerably beyond the ovaries
(pl. 42, fiz. 39). On the left side the longest ovarian eyvlinder lies in
the last loop in the intestine. The second longest one lies diagonally
from the top of the first intestinal loop toward the atrial orifice,
Between these two is a mueh shorter eylinder, ending in an oviduet
located considerably farther back than the other oviduets (pl. 42,
fig. 40,

One large specimen of this species was taken in July, 1915, from
piles in San Diego Bay. Two small specimens were found in February
on the earapace of a erab, Rhodda parvafrons, taken at the end of the
wharf of the Seripps Institution.

Styela barnharti belongs to the comparatively small seetion of the
genus which have more than five gonads on a side.  Tts nearest of kin
seems to be 8. elsa Hartmeyer of the Japanese waters. So far as the
wonads of the right side are concerned, baraharti and elsa appear to
he considerably alike, the resemblance pertaining not only to the
number but also to the disposition ; for, aceording to Hartmeyer, those
of this side form two groups. However, the anterior group in elsa
containg three instead of two as in baraharii. But the similarity
between the two species bevond this point is not elose. TIn elsa the

il
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conads of the left side are as numerous as those of the right, though
in the form of the digestive tract and the number of the internal
longitudinal vessels the two are not widely separated. But in body
form, character of the external surface, and number of branchial ten-
tacles, as well as in the gonads of the left side, the two species are
sharply separated.

Worthy of note is the fact that a majority of the Styelas having
a high number of gonads apparently belong to the Pacific Ocean.
But should more extensive study prove this to be actually so, the fact
could hardly be considered as anything more than a coineidence. So
far as we have been able to ascertain from the literature, the differ-
ence in thickness of the ovaries of the right side of 8. barnharti, as
shown in figure 39 of plate 42, is unique. It should be remarked that
it is not due to difference in the stage of growth in the ova, these not
being of recognizably different size in the larger ovaries. The mean-
mg of this difference 18 not clear, but the fact that on the right side,
where the number of ovaries is greatest, there are three distinet sizes,
the smallest being relatively quite small, sugeests that these smaller
ovaries are in proeess of becoming rudimentary.

We take pleasure in naming this interesting Stylea for Mr. P. H.
Barnhart, enrator of the Seripps Institution, to whom we are indebted

for all the specimens so far seen.

Ascidia californica, n. sp.
Pl. 38, fig. 6; pl. 41, figs. 24 to 27

Superficial characteristics (pl. 38, fig. 6).—Elliptieal in outline
but somewhat narrower anteriorly and quite depressed. Attached
by the entire left side. Test thick, gelatinous, containing many
anastomosing vessels, translueent but not sufficiently transparent to
permit much of the internal organs to be seen; surfaee generally
smooth and even. Siphons usually net prominent; the branchial
directed forward and frequently somewhat to the right; the atrial
located at half or a little more than half the animal’s length toward
posterior end on the upper surface but toward the left edge. The
eight lobes of the branchial orifice are regular and somewhat long and
pointed, with a brick-red pigment spot between the lobes. Lobes of
the atrial orifice, almost invariably six in number, are bordered by a
series of minute teeth; shorter and more rounded than the branchial
lobes and similarly possessing pigment spots (p.s., pl. 41, fig. 27).
Largest specimen about 3.5 em. long and twice as long as wide ; usnally
smaller. Mantle thin and transparent on left or under side, with no
muscle bands execept in siphons and anterior part of branchial sac;
on right or npper side musele bands, running in all directions, form a
thick pad.



1917] Ritter-Forsylth: Ascidians of Southern California 155

Branchial system.—Siphons deseribed above, Branchial tentacles
very long and slender and of about the same size, varying in number,
the larger individuals having as many as 150. Hypophysis (ky., pl.
41, fig. 25), small and either oval or horseshoe-shaped with opening
directed forward. Ganglion mass (gl.) separated by several times
the length of hypophysis-mouth from the hypophysis (pl. 41, fig. 25).
Dorsal lamina (d.l.) a broad membrane, broader posteriorly than
anteriorly, provided with transverse ribs which project slightly past
the edge; a few minute teeth between these projections, The lamina
extends beyvond the opening of the esophagus to the end of the sac.
Branchial sac extends the entire length of the animal. Internal
longitudinal vessels bear papillae at their intersections with the trans-
verse vessels. In a large individual sixty internal longitudinal vessels
and seventy transverse vessels were counted. No intermediate papillae
present ; ends of papillae curve toward the dorsal lamina and have a
bulge on the concave surface. Plications in branchial membrane
fewer than the longitudinal vessels. Meshes rectaneular, a little
longer than wide, each containing about three stigmata.

Ihgestive system (pl, 41, fig. 24).—0On left side of branchial sae.
About one-sixth of the branchial sae extends behind the digestive
apparatus and about one-third in front of it. Mouth of esophagus
about one-fourth the length of branchial sae¢ from its posterior end.
Esophagus sharply eurved to enter the stomach. Stomach (5. pl
41, tig. 24) about twice diameter of intestine at its esophageal end,
but gradually tapering to intestine at the other end : long axis at right
angles to that of sac: wall with about twelve, wide, orange-colored,
longitudinal folds. From the stomach the intestine runs anteriorly
and then eurves in such a fashion as to form the letter 8 reversed.
Smooth-edged anus eclose to base of atrial siphon. A renal gland
ramifies over the rectal limb of the intestine.

Eeproductive system (pl. 41, figs. 24 and 26).—Peculiar widely
branched ovary ramifies over whole inner surface of that part of
intestinal loop which lies anterior to stomach. Testis lobes, much
smaller and more finely branched than those of ovary, spread espe-
cially on inner surface of stomach and to some extent on both surfaces
of intestinal loop. White vas deferens and oviduet run side by side
along posterior side of rectum, the vas deferens lving between oviduet
and rectum, both ending near the anus.

Specimens with sperm duets enlarged and with eges in their ovi-
duets were taken in February at San Pedro, Santa Cruaz, and La Jolla;
in May at Half Moon Bay; in June at San Clemente, and in July at
San Pedro.

A. californica belongs to the Menfula section of the genus Ascidia,
this section being considered as characterized primarily by the exten-
sion of the branchial sae and dorsal lamina behind the esophageal
mouth. But within this section it seems to be sharply set off from any
species hitherto deseribed. So far as we are able to ascertain, the
fine pectination of the lobes of the atrial orifiee (pl. 41, fie. 27) is
entirely unique. The form and distribution of the ovary also con-
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stitute good diagnostie features. In form, the ovary seems to resemble
that of A. aperfa Sluiter more than that of any other speeies; but
the distribution of the lobes in the two is quite different, the broad,
simple loop of the intestine of aperia making it impossible for the
ramification to implicate so large a portion of the loop as it does in
ctlifornica. DBut in most respects aperta and californica are very
distinet.

A. californica probably resembles Ascidia (Phallusia) ceratodes
Huntsman from the coast of British Columbia more closely than any
other species, but from this it is distingunished by its smaller size,
larger number of internal vessels, both longitudinal and transverse,
smaller number of folds in the stomach. and most positive of all, more
diffuse character of the ovarian lobes,

In view of the fact that the speeies is fairly common in the whole
California littoral and seems not to oceur much beyond this region,
to the north. at least, we have felt that it is suffieciently typical of the
region to merit the specific name californica.

Habitat and range.—0On under sides of rocks at extreme low tide,
the California coast from San Diego to Half Moon Bay (Mendoeino
County) ; also on kelp holdfasts (La Jolla) and **eel-grass™ (Tomales
Bay). Also to depth of thirty meters off San Diego.

From the material and data at onr disposal the species seems to
reach 1ts best development at Santa Cruz.

List of localities—San Diego region, almost everyvwhere, including
San Diego and False Bays as well as points on the open eoast, especially
at La Jolla; Laguna Beach; San Pedro: San Clemente Island; Mon-
terey Bay ; mouth of San Franecisco Bay; Tomales Bay. But at none
of the stations except in Monterey Bay, at Santa Cruz, has it been
taken in large numbers massed together in the fashion characteristie
of many ascidian species.

Type locality —La Jolla.

Cheylosoma productum (Stimp.)

Cheylosoma productua, Stimpson, 1864, p. 161,
Cheylosoma productim, von Drasche, 1854, p. 281,
Cheylogoma productum, Bancroft, 1808, p, 300,
Cheylosoma productum, Huntaman, 1911, p. 124,

The prevailing size and elevation of specimens of this species,
ocenrring on the California coast, are so much less than similar dimen-
sions of animals from Puget Sound, the type loecality, as to seem almost
to justify the recognition of a subspecies for the southern forms.
However, neither the detailed anatomical studies by Baneroft (1598)
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nor the examinations made later by several observers have sueceeded
in finding any constant structural characteristics on which to base
siuch a group; and as both size and height are subject to much varia-
tion it appears best, on the whole, not to give our forms a separate
name, Specimens are not infrequently taken in the littoral zone, but
are more common in depths of a few fathoms.

Ciona intestinalis (L.)
Azerdia intestinalis, Linn., 1767, p- 1085, no. 3.
Phallusia intestinaliz, Bav., 1816, p. 169,
Ciona intestinaliz, Fleamming, 1828, p. 468,
Ciona intestinaliz, Roule, 1884, p, 13,
Ciona intestinalis, Hartmeyer, 1903, p. 207,
{For an exhaustive hibliography, see Hartmever, 1903.)

We have :\;Ilhjfﬂ'h'il :-»:I:H‘L"Ill‘wllhi. from San |li|'_g"u I':n‘x' to a thorourh-
going comparison with the deseriptions and figeures of Mediterranean
specimens given by M. Roule in his well-known monograph of 1584,
and find nothing to snerest even a race distinetion for the west
American animals, Indeed, the perfect identity and the faet that
the species appears to be distributionally restrieted in this region
almost enfirely to loealities frequented by ships, leads one to wonder
if it is not an Immigrant to these parts. This surmise is the more
warranted by the habits of the animal, it being especially given to
clinging to the under sides of floats, buovs, and the like. In these
situations it flourishes most luxuriantly and oceurs in enormous num-
bers. We wounld not however, make too much of this sngerestion as to
distribution, sinee the species has been reported (Huntsman, 1911, and
Ritter, 1913) from a rather wider range in Paeifie waters than is
altogether eonsistent with this theory. Ciona is sexnally ripe in San
Diego Bay through the later summer, the entire antumn, and to mid-
winter at least; probably ripe animals may be found throughout the
Vear,

Metandrocarpa dura (Ritter)
Goodsiria dura, Ritter, 1506, p. 1500
Metandrocarpa dura, Michaelson, 1904, p. 70,

Although this species is not very often taken in its original habitat,
it is still one of the most conspicnous of our ascidians—this from its
favorite habit of forming incrusting masses on various of the larger
seaweeds, whieh, though usually growing below tide, are often washed
up decorated with the bright red colonies.
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Metandrocarpa michaelseni, n. sp.
Pl 38, fig. 8; pl. 39, fig. 14; pl. 42, figs. 41-45

Superficial characteristics (pl. 38, fig. 8).—Zooids appearing as
rounded mounds, the larger ones averaging about 4 mm. in diameter
throngh base and from 2 to 3 mm. high ; never embedded in a common
test but probably always a film of test passing between them ; adherence
to substratum, usually the under side of rocks, very elose. Color
bright, cherry-red to hardly more than a tinge of that color; cherry
far more common. Siphons short and always deeper red than body.
In large colonies, which may be half a square foot in extent, zooids
come to be close together, almost covering the substratum, but these
irregilarly distributed with no intervention of common test. Blasto-
zoids seem always to move away some distanee, three, four, five or more
millimeters and a delicate trail of test with a strand ean be made out
connecting bud and parent ({4, pl. 39, fig. 14). Large, numerous
ectodermal vessels in test film around blastozoid (e.p., pl. 39, fig. 14).

Zooids—Test thick, tough, and not transparent. Mantle with
many eircular and longitudinal muscle fibers., Body rests on its left
and wventral side with its anterior or dise shifted toward right and
dorsum so as to bring branchial orifice to top of mound (pl. 42,
fir. 42); length about 3 mm.; consisting of large branchial sae with
digestive and reproduetive organs on the sides.

Branchial system.—Siphons fairly close together in central portion
of the npper surface of mound and very little elevated above general
surface; orifices not bordered by definite lobes. Branchial tentacles
from thirty to forty, alternating long and short (pl. 42, fig. 43).
About twenty very small atrial tentaeles (pl. 42, fie. 44). Branchial
sae at most with nine rows of stigmata: four or five internal longi-
tudinal vessels on each side; largest individuals always with five on
each side; very fine transverse vessels eross most of stigmatic series
midwayv between the primary vessels. Much pigment in blood eells
thronghout branchial sac as in other tissues of animal. Number of
sticmata abont thirty in each half series. Table 2 shows the distribu-
tion of the stigmata in five individuoals.

TABLE 2

Indiv. &ide 1stspace 2dspace 3d space  dthspace  Sth space  Gth space

e 6 6 i 5 a 5 )
1 | K. 6 (i 5 3 = 35 D. L
g ' 5 4 3 2 o
£5NTR i 5 1 4 3 o e
[ L. T B 5 4 5 0]
SR 6 4 3 4 2 B
(L & 4 4 4 o) St
it 5 i 3 3 3 diid=ton
L T 7 5 5 3 3 5 )
2 G - 6 4 3 Bif

Dorsal lamina, a plain fold growing wider and thicker posteriorly.
Hypophysis a single elliptical opening just anterior to the elongated
ganglion (hy. and g.g., pl. 42, fig. 43).

-
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Digestive system (pl. 42, figs. 41 and 42). ft pos-
terior half of branchial sac. Esophagus (e., pl. 42, fie. 41) emerges
from dorsal posterior part of branchial sac. Stomach wider than
long, its wall thrown into twelve to seventeen looped folds of varyving
lengths depending on their position; eight of these folds heading
around the esophagus, the others, shorter, on opposite sides of organ,
point toward a seam constituting a part of the cardiac end of stomach,
A sae-hike caecum (c., pl. 42, fiz. 41) on stomach near end of seam,
joined by a fine duet to pylorie gland which ramifies over intestine
(p. gl., pl. 42, fig. 41). Intestine emerging funnel-wise from stomach,
regularly S-shaped, the dorsal half of the S twisted nearly to a right
angle with ventral half (int., pl. 42, figs. 41 and 42) ; a narrow, thin
strip of epithelium running ﬂ]m‘]*-Ir entire convex side of intestine;
anus with a thickened bilobed margin, situated in atrial chamber near
atrial orifice.

J!'ffp.r‘rh.’uf"l’hﬂ system (o, 8., pl. 42, fig. 41).—Gonads in form of

““polyearps”’ attached to mantle on both sides of body. About three
ovaries anteriorly situated on each side of endostyle (o., pl. 42, fig.
41). About five testis masses (f., pl. 42, fig. 41) on right side in a
row along the endostyle; on the left side usually four or five masses
arranged around end of intestinal loop. From the summits of male
zonads extend short vasa deferentia into the peribranchial cavity
(v. d., pl. 42, fig. 45).

Breeding habils—Fmbryos and advanced tadpoles retained in
peribranchial chamber; breeding during midwinter months.

This speecies. the name of which we are glad to make stand as a
testimonial to Dr. Michaelsen's good work on this group of ascidians,
is rather sharply distinet from M. dura Ritter, its neighbor in habitat,
as well as in a number of struetural features. While dura never, so
far as our observations go, departs much from the eompletely aggre-
eated and fused tvpe of colony (Ritter, 1896, especially figures 1 and
2, pl. 12), the colony of michaclseni seems never to assume this form.
Not infrequently the zooids of the middle portion of the ecolony of
michaelseni are so elose together as to be nearly or guite in contact
with one another. This seems to arise entirely from the intercalation
through budding of new zooids and never from the approximation of
the buds in the new parts of the colony. The trailing off of zooids in
these parts of the eolony as shown in figure 14 of plate 39, is entirely
characteristic of this species, This difference may depend upon the
difference in habit of the two speecies, dura growing typically on sea-
weeds where, as a consequence, the room for expansion of a given
colony is limited, while michaelsent is almost if not quite restricted to
the surfaces of rocks and molluscan shells. As to the zooids them-
selves, the most positive difference is in the number of series of
stigmata, dura having twelve and michaelseni nine.



460 University of Californie Publications in Zoology [ Vou. 16

Habitat and distribution.—Typieally the under sides of rocks in
littoral zone on rocky shores evervwhere on coast of southern Cali-
fornia and probably, though not certainly, as far north as San Fran-
ciseo, at least.

Type locality—La Jolla.

Polyzoa translucida, n. sp.
Pl 38, fig. 7; pl. 42, figs. 36 to 38

Superficial characteristics of the colony.—Composed of zooids
Joined by short strands to a basal network and, 1n older eolomes, with
individuals so close together that considerable portions of the tests
of neighhoring zooids adhere to each other. Zooids generally roughly
ege-shaped although in the largest individuals the two siphons on
anterior end may be gquite prominent. Zooids colorless and semi-
transparent (pl. 38, fig. 7).

Sooids—Largest 5 to 6 mm. long and 3 to 4 mm. thick., Tests
tough, but thin and transparent. Mantle with numerous fine longi-
tudinal and transverse muscle fibers. Body consisting of large
branchial sae with digestive and reproductive organs located at side;
on each side about opposite the third stigmatie series, an elliptieal
sac-like hody attached to mantle, probably corresponding to the endo-
carps of styelids (en., pl. 42, figs. 36 and 37).

Branchial system —Branchial siphon 4-lobed, located in middle
of anterior end. Atrial siphon also 4-lobed, near branehial siphon on
dorsal side of anterior end. Branchial tentacles about thirty, alter-
nating long and short. Atrial tentacles about twenty, very small.
Branchial sae without folds, with twelve rows of stigmata, each having
from thirty to forty stigmata in a half-series; three longitudinal ves-
sels on each side ; greatest number, about fourteen, of stigmata between
endostyle and first longitudinal vessel; about eight stigmata in each
of remaining intervals. In largest individual fine longitudinal vessels
cross the stigmatic series midway between the primary vessels (pl. 42,
fics. 36 and 37). Endostvle narrow. Dorsal lamina a plain mem-
brane rolled into a tube. Hypophysis a slit-like opening just 1n front
of ranglion.

Digestive system.—Sitnated on left side and posterior half of
branchial sac. Esophagus (e. pl. 42, fiz. 36) about equal in length to
stomach ; emerging from branchial sae near its dorsal edge. removed
about two sticmatie series from its posterior end. Stomach (s, pl
42 fig. 36) considerably broader than long, made up of eleven or twelve
prominent folds shorter on side turned away from sac. A seetion of
intestinal traet consisting of the esophagus, stomach, and a portion
of the intestine about as long as the esophagus, lies in a horizontal
position ; organ then bends and runs parallel to its previons eonrse
nearly to the dorsum of animal, where it turng anteriorly a short
distance and ends in the bilobed anus. In wall of intestine is a narrow
strip running its length, thinner than the rest of the wall and free
from pigment. which is seen to be a groove when viewed from within
the eavity of the intestine. A eaecum from near pylorie end of
stomach is joined by a fine duet to a pylorie gland whiech ramifies
over intestine (pl. 42, fig. 36).
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Eeproductive system.—Gonads hermaphroditic ** polvearps,”” those
on right disposed in row along the endostyle, as many as twelve in
large individnals; on left about five, situated near endostyle in ante-
rior half of sac (0. and £, pl. 42, figs. 36 and 37). In large individuals
peribranchial eavities contain numerons eges and larvae. In soch
cases the large oviduet forms a conspicuous portion of hermaphroditie
gonad (ov. d., pl. 42, fig. 35). A small tentacle-like sperm duet termin-
ates the male gonad near oviduet (v. d., pl. 42, fig. 38).

Habital and distribution.—So far as known, only from wharf piles
in San DMego Bay where it occurs interwoven with hydroids and other
animals which imhabit the piles. The only specimens were taken in
June.

Although the presence of eight internal longitudinal vessels on the
branchial sac is held to be a generie charaeter in Pelyzoa, we cannot
believe that the much smaller number in transiucida onght to bar it
from the genus, so well does it agree with the other more important

generie characters.

EBotryllus tuberatus, n. sp.
Pl 239, fixs, 10 and 12; pl. 40, fg, 22

Superficial characteristics of the colony.—Thin, encrusting, nsually
not more than 3 or 4 em. in expanse and 1 to 2 mm. in thickness,
Number of zooids in circular systems varies between three and ten;
svstems close together. Zooids usnally black from pigment although
variations oceur, and eolonies with comparatively little pigment are
found. Zooids of a system communieate with common atrial orifice
by long, spout-like siphons (a.s., pl. 40, fiz. 22) ; openings of siphons
varving from small and oval in vounger zooids to large and gaping
in older ones ; edges of upper portions of openings unite to form the
common eloacal orifice, lower lips often extending a little beyond the
cloaeal orifice, so as to be visible through it from above (pl. 39, fig. 12).
At intervals along margin of colony oecur exeeedingly dense, pedun-
culated bunches of ectodermal ampullae, each ampulla having its own
long ectodermal vessel running into body of eolony: voung zooids
often ocenrring among the ectodermal ampullae (eca. and y. z. pl. 39,
fig. 10) : the ectodermal vessels generally branch and send out smaller,
less darkly pigmented ampullae. Test gelatinous and transparent.

Zootds.—Length about .8 mm. General shape cylindrical but
curved, concave side being dorsal; length a little greater than width,
Mantle strongly pigmented, and containing a few widely separated
extremely delicate longitudinal musecle fibers (pl. 40, fig. 22).

Branchial system.—Sac eylindrieal, a little longer than broad;
four series of stigmata: three longitudinal vessels on each side; about
fourteen stigmata in each half-series; usually three stigmata in spaces
between longitudinal vessels and four between endostyle and its
adjacent vessels, and four between dorsal lamina and its adjacent
vessels; stigmata five or six times as long as broad. Endostyle wide
and straight. Dorsal lamina a plain membrane rolled into a tube.
Sixteen small branchial tentacles of which the eight larger ones alter-
nate with eight very small ones.
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Digestive system.—Situated on left side and posterior end of
branchial sac. Stomach longer than breoad, and tapering toward
esophageal end, its long axis being horizontal and its lower edge about
even with lower edge of sae; its wall thrown into seven distinet
longitundinal folds: a tubular eaeenm attached to stomach near its
posterior end and upper side (c., pl. 40, fiz. 22). Intestiné tapers
from stomaeh and almost immediately makes a sharp bend and runs
dorsally parallel to and above stomach ; upon reaching dorsal edge of
body, it turns anteriorly for a short distanee; anus situated in lower
part of atrial chamber,

Reproductive system —No reproductive organs were seen in the
colonies investigated. The faet that the specimens were collected in
January and December may account for this. Very voung zooids had
two great protrading buds, one on each side. In young zooids the
atrial orifice 15 similar to the branchial but takes on the spout-like
character as the animal matures.

Habital and distribution.—So far as known, B. fuberafus is con-
fined to the coast of sonthern California. No Botryllid has vet been
seen north of Point Coneeption.  The type locality of this species is
Santa Barbara, and the specimens taken there were on the leaves of
kelp, Macrocystis pyrifera. Despite mueh search in the kelp beds off
San Dhiego, the animal has not been found there. At La Jolla the
species ocenrs in considerable abundance at times on rocks at extreme
low tide. This difference in habitat and the fact that the San Diego
specimens are, at least in some cases, mueh more deeply pigmented
than those from Santa Barbara and usually devoid of the peculiar
tube-like masses of ectodermal ampullae, have caunsed us to hesitate
much as to the propriety of regarding them as belonging to the same
species.  However, the absence of differences in the zooids of the
colonies from the two loealities, the well-known color variation in the
genus, and the presence of small and somewhat protruding elusters of
ampullae on a few specimens from points midway between Santa
Barbara and San Diego have led us to follow the more conservative
course and treat all the specimens as of the same speeies. Should
future study prove this to be unjustifiable, the San Diego form
shounld be the basis for another speeies.

The great pedunculated masses of ampullae are sufficient in them-
selves to set fuberalus off sharply from the other species of the genus.

Botrylloides diegensis, n. sp.
Pl. 43, figs. 46-49

Superficial characteristics of fhe colony.—Flat, inerusting, irregu-
lar in outline ; may be several centimeters in expanse with a thickness
of 5 mm. Color in life varving from pinkish wvellow to purple.
Svstems elongated ; number of zooids in a system wvariable, ten to
fifteen oecurring in the older systems; islands of test (i. ., pl. 43, fig.
49)in the colony surrounded by zooids give impression of systems:
atrial orifices not found. Eetodermal vessels and ampullae numerons
near marging of colony amd in island of test; ampullae oval, and black
from acenmulation of pigmented ecells,
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Zooids.—Cylindrical, standing vertieally in test; length 2.5 mm.,
width about 1 mm.; length of languet and size of atrial orifiee varies
depending upon position of zooid in system: atrial orifice often wide
and gaping. Mantle thin, with feeble museulature, only a few cirenlar
and longitudinal bands ocenrring near branchial and atrial orifices,
but pigment very abundant. Alimentary organs and stigmata easily
seen throngh mantle if some of pigment is removed with strong
aleohol (pl. 43, figs. 46 and 47).

Branchial system.—Branchial orifices large and cirenlar, project-
ing slightly above surface of eolony. Branchial tentacles sixteen,
syvmmetrically arranged. Tentacles next to endostyle and lateral ones
at a quadrant’s distance from this longest, with enlarged pigmented
bases, insertion deeper in the siphon than the others. Dorsal tentacle,
inserted just above the hypophysis, long but its pigmented base not
as large as in the others; alternating with the major tentacles, four
tentacles about half as long; and finally alternating with the eight
large and medinm-sized tentacles. eight very short ones (pl. 43, fig.
48). Twelve series of stigmata in the branchial sac with about four-
teen stigmata in a half-series; three internal longitudinal vessels on
each side:; two or three stigmata in a mesh except next to the dorsal
lamina where there are from four to six. Dorsal lamina a plan
straight membrane, wider toward the posterior end of the body. Endo-
style large. conspicuous, straight. Neural gland situated over anterior
end of dorsal lamina just outside peripharyngeal band; duet of
gland opening conspicuously on surface of the oval dorsal tubercle
(hy., pl. 43, fig. 48).

Digestive system.—Stomach (s, pl. 43, fig. 46) seeming to con-
sist of nine or ten large drawn-ount loops, these being elustered at
esophageal end and from thence tapering back to pylorie end; loops
concentrated on right side, only three reaching around on left side so
that the latter presents a plain space from which a sac-like eaecum
(e., pl. 43, fig. 46) is given off toward the intestine where it connects
with a pylorie gland located on that organ; posterior to branchial sae
and toward right side of body. Esophagus emerging from branchial
sac at its posterior end near dorsal lamina; about as long as stomach,
inserted into a depression surrounded by rounded ends of gastral
loops. Intestine on left side and posterior end of branehial sac, bend-
ing abruptly forward and dorsalward a short distanee behind the
stomach ; anus on dorsal side of branchial sac about midway the length
of the zooids: two narrow, thin, non-pigmented strips on opposite
sides of intestine extend whole length of rectal portion. Rectum some-
what compressed, strips placed at edges of compression; strip along
ounter eonvex side of intestine broader (pl. 43, fiz. 46).

Reproductive system.—One ovary and one spermary on each side
of posterior half of body, these appearing as conspienous protuber-
ances, the spherical ovary especially prominent when containing a
nearly mature ovum (o.. pl. 43. fiz. 47} ; lobulated spermary anterior
to ovary of same side; ovary and spermary of left side farther forward
than those of right.

Habitat and disiribution —The species oceurs in great abundance
on piles, floats, ete., in San Diego Bay, but so far has not heen taken
elsewhere, though it will undoubtedly be found at other points on the
coast of southern California at least.
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B. dicgensis appears to be more like Botrylloides purpurenm,
Herd. (Herdman, 1886) from near the Philippine Islands than any
other species.  The conspicnous gastric loops are, however, quite dis-
tinetive of diegensis.  Furthermore, purpureum is deseribed as pre-
senting a lobing of the mantle at the branchial aperture which does
not oceur in dicgensis.  Again, the transverse musculature of the

mantle of purpurcum 18 considerably stronger than that of diegensis.

Perophora annectens Ritt.

Peropliora annectens, Ritter, 1593,
Peroplhora annectens, Huntaman, 1911, p. 118,

A ecareful study of the asexual reproduction and relation of the
zooids in the eolony in P. annectens relative to its geographie distri-
bution and general habits of life ought to be made; for nowhere in its
range, as it now seems, exceptling in central California, do the colonies
reach the complete ** componnd aseidian®” condition deseribed for some
specimens by Ritter, 1893, Although the species is by no means rare
on the southern coast, we have never found it in any such abundanece
as that in which it ocenrs at Pacific Grove, and the zooids are always,
so far as our observations have gone, quite distinet from one another.
Huntsman (1911) reports the same to be true of specimens from the
coast of British Columbia.

Distaplia occidentalis, n. sp.

Although 0. eccidentalis has already figured to a considerable
extent In writings on aseidians, notably in the paper by Baneroft
(1899), 1t has always appeared, so far as taxonomy is coneerned, as
a manuseript species by Ritter.  But sinee neither diagnosis nor
species-figure have been published hitherto, its career as a known
species ought to date from the publication of this paper, and Ritter
and Forsyth recognized as responsible for it (pl. 45, figs. 64 and 65).

superficial chavacteristics of the colony—Either flat and encrust-
ing, or pedunculated and mushroom-shaped with all gradations be-
tween ; flat, from 3 or 4 mm. thick and several centimeters in expanse ;
pedunculated forms varving from 2 mm. to 1 em. or more across fat-
tened heads, peduneles being of same length or longer; flat form often
pedunculated at margins of colonies. Systems plain, several in a
head ; zooids eclosely arranged around a large, evlindrieal, lobed,
common atrial orifice, which extends considerably above the general
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surface as a delicate-walled short pipe. Color light green, variable,
dark brown, cadminm-yellow, brick-red, dirty white. Test consisting
of a thin. tough outer laver covering the less resistant inner portion,
both having many bladder eells; ectodermal vessels running parvallel
with long axis of pedunele and not branching or anastomosing.

Zaootds (pl. 45, fig. 64) —Small, from 2 te 3 mm., average of twelve
individuals 25 mm. Mantle delieate, eontaining many diagonally
running musele fibers; two strong dorsal longitudinal muscle bands
extending from the vicinity of branchial siphon to the esophagus,
causing branchial sac to shrink along dorsal sides in preserved speci-
mens. The atrial languet long, but varving in shape and size depend-
ing on position of zooid in eolony ; one or three-lobed.

Branchial system—Branchial siphon large with six broad blunt
lobes. At base of siphon sixteen tentacles, four placed symmetreally
at the quadrants of ecircle, much larger: alternating with these, four
about half as long ; finally alternating with the eight. eight very short
ones (pl. 45, fig. 653). Branchial sac with four series of stigmata; the
most posterior series having the longest stigmata, those of the other
series gradually shorter in order; the stigmata long and slender, about
twelve in a half-series; each series crossed by a delicate intermediate
transverse vessel which does not interrupt stigmata; in young indi-
viduals stigmata become gradually smaller toward endostyle, leaving
triangular spaces hetween series and main transverse vessels,  Dorsal
languets three. about half the length of the stigmata, located a little
to left of mid-dorsal line.

Digestive system.—Esophagus about equal in length to stomach
and very slightly twisted. Stomach inflated in appearance, egg-shaped,
long in proportion to its breadth; smooth on outer surface, slight, dis-
continnous. branching ridges generally longitudinal on inner sarface,
giving it a reticulated appearance; long axis of stomaeh forming a
slicht angle with long axis of zooid. On emerging from stomach,
intestine runs ventrally for a distanee equal to width of stomach, then
bends anteriorly and maintains a straight course nuntil it ends as a
lobed anus near the middle of branchial sae. Ramifying over the
intestine from the pylorus halfway up to anus is the pylorie gland
(p. gl.. pl. 45, fiz. 64). Within intestinal loop is a elear bulb whieh
is part of this system: this connected with stomach by a fine duct
(pl. 45, fig. 64).

Reproductive system.—Testicular lobes and ovary on right side of
intestinal loop in young individuals, but in adults ovary always pos-
terior to loop and testis largely so. though owing to its great size it may
extend bevond the loop in both dirvections; testicular lobes all com-
municating with the vas deferens at one point by delicate vasa effer-
entia: the vas deferens running along intestine nearly to the anus.
Oviduet a thin-walled tube lving immediately over the vas deferens.
hending to enter incubatory ponch at right dorsal posterior corner of
hranchial sae. Tncubatory pouch (i. p., pl. 45, fiz. 64) containing two
or three egos, very rarely four: larvae present in colonies taken in
June and July ; ahsent in colonies taken in January.

Habitat and distribution.—On roeks in littoral zone from San
Diezo to Puget Sound, eommon in many plaees,

Type locality.—San Diego, California.
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As pointed out by Baneroft (1899), D. occidentalis is easily dis-
tinguishable from all the other speecies of the genus, with the possible
exception of . rosea.  There seems, however, no doubt about the
distinetness of these two, Although the color of occidentalis 15 so
varied that not mueh reliance can be placed upon it for taxonomic
purposes, vet sinee rosaceous is one shade that seems not to oecur 1n
occidentalis, the color distinetion is worth something. The most
positive differences between them so far as recognizeed are the absence
in rosea of internal vessels erossing the stigmata: the smaller number,
usnally twelve, of stigmata in a half-series In occidentalts; rosea
having, according to Herdman, from twenty to thirty; and the pres-
ence on the inner surface of the stomach wall of eccidentalis of the
network of low but distinet ridges.

Color —Examination of an abundance of colonies by the senior
author at Point Coneeption in January, 19058, some of which were
nearly white while others were brick-red, led to the supposition that
the red color was an old-age mark. There was ample evidence of
degeneration in the red colonies, but not in the light ones. But besides
the degenerated zooids in the red colonies, there were also many partly
grown ones, indicating that the colonies were undergoing degeneration
and regeneration simultaneously. On the whole the zooids of the light-
colored colonies were considerably larger than those of the red ones,
though partly grown zooids were also present in the light eolonies.
The pigment of the red colonies was eonfined to the test. No larvae
were found in any of the animals at this time.

Embryogenesis.—The escape of the larvae from the parents and
their behavior during their brief existence before becoming attached
were observed by the senior author on July 24, 1896, The young are
retained in the parent until the tadpoles are fully formed. They
emerge from the common eloacal orifiee posterior end foremost. Their
exit is entirely passive, the egg membrane being still intact and the
larva’s tail elosely folded around the body. Frequently the indi-
vidnals are shot out with considerable foree. So far as eould be
ascertained by watching the escaping larvae, they are foreed into the
common atrial chamber by muscular contraction of the individual
parent zooids, and are then expelled to the outside by a contraction
of the common chamber. The exact nature of this second phase of the
expulsion is not clear and merits study, partieularly as to the
mechanism by which it is accomplished.

[mmediately upon reaching the outside world most of the larvae
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fall inertly to the bottom, though an oceasional one eseapes from the
egg membrane and swims with a wriggling motion immediately on
emerging from the parent. Although the larvae have a free swim-
ming period, this is very short. It lasts but a few hours at the most,
nor is the swimming executed during the period sufficiently vigorous
and determinative to make it count for much it anything in the dis-
tribution of the species. In view of the very brief swimming period
in the larval life of this and of several other species of Asecidians, the
general question of the significance of larvae in the group becomes of
interest and suggests a systematic study of the point.

Baneroft (1899) describes some interesting features of the repro-
duective system of Distaplia oceidentalis, from which we quote :

The most striking peculiarity of the oviduet ig that itz dinmeter, even when
distended by the passage of the ovam, is very much less than the normal

diameter of the ripe egg. Accordingly, when the egg 1s passing through the
duet, it is greatly distorted, assuming the shape of a sausaze.

With regard to the incubatory pouch he savs:

A careful examination of the strueture of the pouch shows that it is not
merely a divertienlum from the peribranchial sae, but consists of two parts
which, for descriptive purposes, may be ecalled the oviduet and the peri-
branchial portions, though [ do not know that they have been developed from
the oviduct and peribranchial sac respectively. The oviducal part is o narrow
tube, the anterior end of which connects with the oviduet, and the posterior
end with the bottom of the pouch. Amnteriorly the peribranchial portion is a
narrow tube opening inte the posterior dorsal corner of the right peribranchial
gac. Posteriorly, it is enlarged to form the poueh proper, in which the develop-
ing embryos are lodged. The ovidueal portion of the pouch is a continuation
of the oviduet into the pouch, and the egg never reaches the peribranchial sae
at all, but is conveved directly to the bottom of the pouch. . . . As the pouch
is completely separated from its zooid long before the larvae are mature, the
only function of this peribranchial orifice iz to serve as a passage of the
SEJQ"TT.I'IH‘EDICI]II.

Our observations, as reference to plate 45, fizure 64 will show,
confirm Baneroft’s account of the ineubatory pouch, but leave the
question as to the exact method by which the eggs get into it un-
answered.

The two species of the old genus [distema treated in this paper
belong to Caullery’s subgenus Eudisfoma.

Eudistoma psammion, n. sp.
Pl. 44, figs. 52 and 53
Superficial characteristics of the colony—Massive, though encrust-

ing: hard, largely because of much sand in deeper layers of test;
thickness in thickest part about 2 em.; not thin in any part; expanse
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several centimeters but extremely variable. Considerable sand ad-
hering to tougher sarface layer but a stratum of test just heneath
freer from sand than other parts. Color varying from brown to brown
with a distinet tinge of claret. Zooids in systems with about eight
animals in a system; common ¢loacal orifices on small rounded eleva-
tions regularly distributed over surface.

Zooids —Not thickly crowded and apparently at different levels in
the test, perhaps due to shrinkage ; consisting of thorax and abdomen,
a slight constriction at base of branchial sae marking separation.
Abdomen containing intestinal loop, reproductive organs, and heart ;
from two to four times as long as thorax (pl. 44, fiz. 52). Length of
zoold from 4 to 5 em. in shrunken preserved condition. Muscle bands
of mantle in two strong sheets (m.h. and m.b.”, pl. 44, fig. 52) on
right and left sides of body and extending its entire length: on both
sides the longitudinal museles stronger than the transverse ; the portion
of mantle free from musecle fibers often puckered between musele
sheets.  The wviseeral organs protrude, hermia fashion, through this
less resistant portion of mantle, espeeially when reproductive organs
are at their fullest development. Eetodermal processes (e.p., pl. 44,
fir,. 52) borne at posterior ends of zooids, two or three times length
of hody.

Branchial system.—Siphons long and tubular, each 6-lobed: the
atrial usunally longer than the branchial, situated on dorsal side of
branchial sae, often some distance from its anterior end: remoteness
of the zooids from common cloaeal orifice in the systems aecounts for
long *‘goose-neck’” character of the atrial siphon (pl. 44, fig. 53).
Branchial tentacles of different sizes, abonut thirty in number, scattered
over the surface of siphon instead of being in a cirele. Branchial sae
with three series of stigmata and ten stigmata in a half-series. Endo-
style usnally very convoluted, doubtless due to shrinkage, Dorsal
langnets two, short and blunt.

Digestive system.—Consisting of long loop ocenupying entire length
of abdomen; plane of loop extending from right to left of zooid.
Emerging from greater part of posterior end of branchial sae is the
large, long esophagus which enters stomach (s, pl. 44, fig. 52) located
past the middle of abdomen. Stomach somewhat flattened from right
to left and straight to outline across posterior end : remaining outline
a regular curve, except for a depression located anteriorly into whieh
the esophagns enters, Stomach wall smooth on outer surface, fairly
thick ; cranular on inner surface. Intestine proper differentiated into
three distinet parts: the first a hittle longer than the stomach, enters an
enlarged second portion of about the same length, having firm thiek
wills, and entering the rectal limb of the loop by a narrow tubular
constriction ; third is the rectal limb, the first portion of which is
enlarged and firm-walled for a distance equal to all the preceding
intestine ; anus at about level of posterior one-third of atrial ehamber.
The two arms of the intestinal loop almost parallel throughout their
course (pl. 44, fig. 52)

Reproductive H]jhfl"]‘i'.'.—[)‘i.‘?l'l‘}' and testieular lobes on dorsal side
of intestinal loop and when fully developed, s0 voluminons as to make
zooid flask-shaped (t., pl. 44, fig. 52). Eggs develop in atrial eavity
and become almost as large as branchial sae and produee a great
protuberance.
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Breeding season—June and July. Colonies eollected in these
months had large eggs in the atrium while in colonies taken in January
the ovarian eges were still small.

Habitat and distribution—In the littoral zone, usually on the
underside of rocks. Aecording to our present information extending
from San Diego to Dillon’s Beach near the mouth of Tomales Bay.
The species has been taken on the rocks north of the Seripps Institu-
tion, La Jolla, though not in abundanee.

Type locality.—La Jolla, California,

Eudistoma diaphanes, n. sp.

Superficial characteristics of the colony—Flat and encrusting,
soft, usnally even surfaced and regnlar in outline. Rarely exceeding
10 em. in greatest expansze, nsually much smaller; seldom if ever more
than 1em., frequently only a few millimeters thick. Color varving
from white to pale vermillion; test transparent, containing a great
quantity of cellular material but no bladder cells or spienles; almost
entirely free from sand.

Zooids—Uniformly distributed ; not disposed in systems; ineon-
spicuous by reason of small size and meagerness of pigment; placed
at various angles to surface of eolony, Length about 3 mm.; less in
preserved condition, A distinet capsule of test enveloping each zooid.
Mantle musculature similar to that of Eudistoma psammion. Eeto-
dermal processes present but not as long and numerous as in F.
pSﬂ'i"]‘”HJ‘.nH‘-.

Branchial system.—Siphons relatively shorter than those of K.
psammion, the two of about equal length; both opening on surface,
As far as econld be made out, branchial sae very similar to that of
E. psammion. DBranchial tentacles about twenty in number, of two
sizes, not all in same cirele but seattered somewhat over surface of
siphon,

Digestive sysfem.—Similar to that of psammion but violent con-
traction often obseures similarity.

Reproductive system.—Similar to that of psemmion, Specimens
from La Jolla collected in July had large eges in atrial cavity.

Habitat and distribution.—On under side of rocks in littoral zone
from San Diego to San Franciseo, according to our present knowledge.

Type locality —La Jolla, California.

These two species of Eudistoma are quite similar as far as the
zooids are coneerned ; but the striking differences in the eolonies, and
the fact that E. diaphancs does not have systems, and hence its two
siphons are of about equal length is our basis for recognizing two
speeies,

The senior author has more or less carefully examined speeimens
presumably of Fudistoma diaphanes from many points on the Cali-
fornia eoast hetween Cape Mendoeino and San Diego.  Unguestionably
mueh variation oecurs within the range, particularly in the size and
color of the colonies, and it is by no means impossible that more
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exhaustive colleeting and more extensive comparative studies will find
that the animals living farther to the north are specifically distinet
from those of the south on which we are chiefly relying for the estab-
lishment of the present species. In connection with the description
of Distoma lobata from Puget Sound, Ritter (1900) remarks npon the
similarity of lobata to a Distoma *‘widely distributed on the Cali-
fornia ecoast.”” The species ocenpying us is one of the group of
Californians to which reference was made in this quotation.

These two Euwdistomas furnish a good case of coineident distribu-
tion of two closely related species, That they are very much alike as
far as the zooids are concerned is obvious; and so far as we know
there is nothing at all differential in their habitats. However, we
would not be too positive on this latter point. Wider and more
detailed knowledge of the range of both may bring to light habit
differences which we do not now recognize,

If Ritter (1900) is right in supposing the zooids of D). lobata to
possess five instead of three series of stigmata, the two closely allied
California species now before us seem to be considerably less similar
to the Puget Sound species than to E. plumbium Della Valle, a
Mediterranean species. E. diaphanes in particular has much in com-
meon with the European species; but diephanes differs from plumbivm
according to our present knowledge, in the larger number of branchial
tentacles, in the relatively longer esophagus, and probably in the
sharp division of the post-gastric intestine into seetions.

Didemnum carnulentum, n. sp.
Pl 38, fig. 11; pl. 44, figs. 57 to 59

Superficial characteristics of the colony.—Thin and enerusting and
of eonsiderable expanse, often half a foot or more; thickness 4 mm.
or less. Color typically the pink of the human skin but varying to
opaque white, Position of the zooids indicated by small spots caused
by acenmulation of spieules; these spots often appearing in double
rows which surround islands of gelatinous-appearing semitransparent
test and giving surface a retienlated appearance (pl. 39, fig. 11).
Spienles varying in diameter from .19 to .075mm.. their blunt rays
springing from a spherical nuelens (pl. 44, fig. 59) ; confined mainly
to uppermost stratum of eolony. Bladder cells, usually polygonal
from mutual pressure but free from spicules, make up lower layer of
test. Branchial sacs of zooids embedded in upper spicnle-bearing
stratum. their abdomens extending about halfway down into bladder-
cell stratum.  Upper stratum of test having spaces in it which seem
to serve for communication with the eommon cloacal orifices, zooids
not being arranged with any reference to these openings. Cloacal
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orifices comparatively few in dumber and large: branchial orifices
small openings 1n center of spots eaused by elosely set spicules.

Zomds (pl. 44, fig. 57).—From 1 to 2 mm. long, depending upon
thickness of colony; made up of thorax and abdomen. Mantle with
no musele fibers visible, Color orange,

Branchial system.—Branchial siphon with six distinet, usually
pointed lobes, located in middle and anterior part of branchial sac.
Atrial siphon a plain round opening on dorsal side opposite middle
of sac. Branchial sac with fonr series of stigmata. each havinge abonat
six in a half-series; stigmata elhptical. Endostyle proportionately
very broad. Dorsal languets three, Branchial tentacles eight, very
small. Two strong muscle bands from dorsal part of branchial sac
continue to near the reeto-esophageal collar where they terminate in
a free process (m.b., pl. 44, fig. 57).

Digestive system.—An elongated loop with arms elosely applied
but open at bend. Esophagus (e., pl. 44, fiz. 57) proportionately large,
emerging from middle posterior part of branchial sac; often as much
as three times the length of sac. About two-thirds of its length from
sac, esophagus bound to rectum by a band (e, pl. 4, fig. 57).
Stomach (s., pl. 44, fig. 57) almost globular with smooth surface; its
long axis slightly inelined to that of zooid. First part of intestine,
about equal in length to stomaech, conneeted by a portion equally long
but of smaller diameter with reetal arm of loop; anus very near atrial
opening.

Reproductive system.—Large undivided testis situated on left side
of intestinal loop : on its rounded mound-like surface is the coiled vas
deferens (v.d., pl. 44, fig. 57), eoil having six turns. Owvary, usually
containing one large egg and several very small ones, loeated between
stomach and testis (pl. 44, fiz. 57); ripe eges almost as large as
branchial sac. No oviduet appears to be present and how eggs are
discharged is not definitely known. Large tadpoles found in the test
of some eolonies. H'lli,hlil:]f_{ the same tvpe as that which will be
deseribed below for Prididemawm della valler.

Breeding season.—Colonies containing many tadpoles in June, but
few or none in January and Febrnary.

Habitat and distribution.—In littoral zone but never at limit of
high tide; nsually on under sides of rocks. Abundant at La Jolla and
on all rocky beaches of the San Diego region. Although this species
has not been found at any other point, in all probability this is due
to insufficient collecting.

Type locality—La Jolla, California.

The speeific name refers to the prevailing flesh color of the living
colonies.

Didemnum carnulentum var. lacteolum
PL 40, fig. 23; pl. 44, fig. 60

Superficial characleristics of the colony.—Enerusting and very
thin, never of the great extent of Didemnum carnulentum; 1 mm. and
less in thickness. Color pure white, due to numerous caleareous
spicules varying in size from .15 to .065 mm. (pl. 44, fig. 60) ; spieules
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very numerous in lowermost stratum of eolony, zooids extending into
both upper and lower limy strata. Bladder cells not eonspienons but
present around elosely packed zooids.  Zooids very similar to those of
Didemunum carnulentum but smaller, The atrial orifice proportion-
ately much larger, often over half the length of branchial sac. Testis
almost spherieal when fully ripe and half as large as sac. Coil of
vas deferens contains seven turns.  Ripe ova gigantie, even larger pro-
portionately than in carnulentum. Budding similar to that of Tridi-
demaum delle valler. Breeding seasom in June.

Habitat and distribution.—On under sides of rocks in the littoral
zone and in the holdfasts of kelp, henee from depths of a few fathoms.
Common at La Jolla and in the San Diego region.

The variety or sub-species here recognized differs from the typical
species in color chiefly, it being opaque white. We do not, however,
depend on this difference exelusively for recognizing a group that
deserves a separate name. The other differences that seem significant
are in the character of the atrial orifice, this being considerably larger
in lacteolwm; and in the spicules, these being blunter in lacfeolum.
Possibly significant, too, is the fact that what we are regarding as a
variety lives typically in the great masses of kelp holdfasts, at a
depth, eonsequently. of several fathoms.

The speeies and variety of Didemanwm here deseribed have mueh in
common with several previously deseribed species; but of their dis-
tinetness from all those that have been treated with sufficient detail
to enable us to judge, there seems little doubt.

It appears almost ineredible that the one hundred species, more or
less, of Didemnum now recognized, ean all be really distinet. Yet
we cannot assume that specimens from a geographical region as remote
as ours from other regions which have furnished the known species,
are the same as any that have been named but not deseribed with
sufficient definiteness to enable us to make sure of the identity of ours
with these. There seems no course open, therefor, but to add still
another to the list of supposed species.

A thorough revision of this group of aseidians based on ample
material of all recognized species is much to be desired.

The milk-whiteness of the colonies suggested the name..

Trididemnum della vallei, n. sp.
Pl. 44, figs. 54 to 56

Superficial characteristics of the colony.—Enerusting on the under
surfaces of rocks, eolonies being half a foot or more in expanse in some
cases ; thickness from 1 to 2mm. Color gray with tinge of vellow.
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Common cloacal orifices large and comparatively few, seattered among
the numerous zooids. Test immediately around eloacal openings free
from spicules. Spicules of usual vdemnwm type but differing from
those of D. carnulentum in that the rays are distinetly longer and
relatively slenderer (pl. 44, fig. 56) ; size from .2 mm. to .08 mm.,
confined mainly to surface laver of test, but sparingly present through-
out. Usually in preserved speeimens branchial orifices marked by
white spots due to acemwmulation of spicules; these spots uniformly
and thickly seattered over surface of colony without definite arrange-
ment with reference to the cloacae. In expanded eondition six branch-
1al lobes showing as elear oval spots in middle of each lobe near its
base. No bladder cells observed m test.

Zooids (pl. 44, fig. 54) —Length 1 mm. or less; divided into thorax
and abdomen, the two being equal in size; esophagus and rectum
girdled by a eonstricting band about midway the length of zooid (pl.
4, fig. 54); placed at all angles to surface of eolony. Ectodermal
processes, (ep. pl. 44, fie. 54) given off from mantle near stomaeh, ex-
tending for varyving distanees into test, ending in pigmented swellmgs.
Mantle very thin and delicate, a few weak, longitudinal and hor-
izontal fibers being visible over branchial sac,

Branchial system —Branchial siphon with six distinet lobes; atrial
orifice plain, at the end of a tubular siphon which protrudes from
middle of dorsal side; its sphineter musele strong and distinet.  Three
series of stigmata, about ten orifices in first series, eight in second, and
seven in third ; considerable area of nnperforated branchial membrane
at both ends of sac. Endostyle straight and proportionately very
broad. Two dorsal languets placed at intervals between stigmatic
series, Two musele bands in hranehial sae, one on each side of mid-
dorsal line, eourse ventralward toward posterior end of sae and, meet-
ing each other behind sac between esophagus and endostyle, are car-
ried out into a blunt proeess with an epithelial covering, this process
penetrating into the test (m.b., pl. 44, fig. 54). Endostyle often arched
at both ends in preserved specimens, due to contraction of these mus-
cles. Branehial tentacles equal in length, variable in number, twenty
being found in one zooid; about sixteen the usunal number (pl. 44,
fig. 55).

Digestive system.—A loop in which the esophageal and rectal limbs
are closely applied, loop being wide and nearly cireular. Reeto-
esophageal collar almost midway the length of the esophagns. Stomach
almost globular, smooth-walled. First part of intestine, a little shorter
than stomach, tapering from large pyloric opening:; eonnected by a
piece of about equal length but of much smaller diameter to rectal
arm of loop: this latter of greater diameter than middle piece; anus
opposite atrial orifiee (pl. 44, fig. 54).

Reproductive system.—Single conical mound-shaped test is sitnated
on bend of intestinal loop on left side: eoil of vas deferens contaming
six turns. The ovary, apparently consisting of single egg when ripe
as large as branchial sae; but in reality a small number of minute ova
always present. No oviduet found and the mode of escape of egos
not known : the relatively enormous eggs (fully half the size of full-
grown zooids) after eseape from ovary, seattered through test at
rather regular intervals in layer immediately in contact with the sub-
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stratum. DBudding abundant in some colonies. (See section on this
subject at end of description.)

Period of egg-production.

FPeriod of budding.—July.

Habitat and distribufion.—Under sides of rocks in the littoral zone
at La Jolla and in the San Diego region ; Dredging Station 11 off San
Pedro, depth six meters.

Type locality—La Jolla, California.

Janunary.

This species seems to resemble Trididemnum ( IHdemnum) strangu-
latum Ritt. as closely as any other but is well separated from it by
the shorter stigmata, unlobed atrial orifice, and presence of the mus-
cular process at the posterior end of the branchial saec.

We are glad to name this species, a study of the budding of which
has reeeived considerable of our attention, after Professor Della Valle,
whose work on budding in this group is distinguished.

T'he budding is very similar in this species to that described later
on in detail for Diplosoma pizoni. As seen in plate 44, figure 54, the
budded intestinal loop grows out just heneath the recto-esophageal
collar from two sources, the mother esophagus and the mother rectum.
Likewise the budded thorax is eonnected to the same two sources of the
maother zooid posterior to the budded intestinal loop. The supposition
that a division takes place so as to give the mother thorax the newly
budded intestinal loop and the budded thorax the old intestinal loop
is supported by the fact that many zooids were seen with large
thoraces and small intestinal loops and vice versa.

Diplosoma pizoni, n. sp.
PL 43, figs. 50 and 51; pl. 45, figs. 66 to 68

Superfictal characteristics of the colony —FExceptionally soft, en-
erusting, several centimeters in expanse ; thickness about 3 mm. Color
of preserved specimen mottled light and dark gray; closely set zooids
easily seen through transparent test. Common ecloacal orifices few in
number, large and chimney-shaped. Each zooid sarrounded by thin
laxer of test and joined to lower surface of colony by a strand of
about the same length as zooid. The test consisting of upper and lower
thin lavers, and strands surrounding zooids joining these lavers, con-
taining great spaces between and among zooids; many small color-
less cells and fewer but much larger round pigmented cells; but no
bladder ecells.

Zooids—About 1.5 mm. long, eonsisting of thorax and abdomen.
Mantle containing mueh dark pigment especially over stomach and
intestine, the epithelial layver here consisting of large, flat, polyvgonal
cells with small, round, elear nueclei usnally near one end of darkly
pigmented eell body (pl. 43, figs. 50, 51) ; adheres closely to surround-



1917] Eitter—Forsyth: Ascidians of Southern California 4

=]
e

ing test. Musele fibers in transverse vessels and two strong bands on
each side of dorsal lamina coaleseing at posterior end of branchial
sac into a band that continues posteriorly through test strand nearly
to lower surface of colony. A few ectodermal vessels with enlarged
extremities present on ventral side of zooid in angle between sac and
intestine (e.p., pl. 43, fig. 50).

Branchial system.—Branchial siphon plainly 6-lobed ; atrial orifice
a great opening usually longer than half the branchial sac and ex-
tending at least halfway across sides of sac. Branchial sae with four
rows of stigmata, each containing seven or eight large stigmata in a
half-series. Three tentacle-like dorsal languets. Branchial tentacles
sixteen, of three sizes, and symmetrically arranged so that the four
largest alternate with the four or second size and finally the eight
smallest alternate with the eight larger ones.

Digestive system.—Intestinal loop twisted and turned up at a
right angle to long axis of zooid so that reproductive organs, belonging
typieally to right side, become located at posterior end of zooid. Short -
esophagus given off from posterior dorsal part of branchial sac;
stomach globular, smooth-walled ; portion of intestine immediately fol-
lowing stomach and about equaling it in length connected by a piece
of less diameter to a rigid bulbous portion at beginning of reetal arm ;.
reetum oblique ; anus situated less than half the distance up branchial
sac. Pylorie gland (p.gl., pl. 45, fiz. 68) and its bulbiferous duet
well-developed.

Reproductive system.—Situated on right side of intestinal loop,
but bend of intestine brings gonad to posterior of zooid. Testis
conical, two-lobed, the vas deferens emerging from between the lobes.
Ovary usually containing one large egg and a few small ones (o, pl
43, fig. 50). Ripe discharged eggs and embryos seattered thickly on
lower layer of test, the eggs apparently making their way down
through the strand of test to reach this position; eggs observed at dif-
ferent levels in these strands seeming to support this theory (ov., pl.
» 44, fig. 50). Tadpoles probably break through test and eseape into
common atrial cavity and pass out through common atrial openings.

Habitat and distribution.—Known only from San Diegzo Bay where
but a single eolony has vet been taken, this having been found on piles.

1. pizoni is undoubtedly very close of kin to IV listeri, but there
15 hardly a doubt about their specific distinetness. Listeri has bladder
cells in the tests: pizoni has not. Listeri has ten stigmata in a half-
series, while pizoni usunally has seven and seems never to have more
than eight. The stomach of pizoni is more spherieal than that of
listeri, it being figured as heart-shaped in the Enropean speeies.

Aserual reprodiction in D. pizoni—The larva of this species pre-
sents the same aspects as those pietured and deseribed by Salensky and
Caullery for Diplosema listeri. In the diplosomic larva the zooid
and blastozooid are distinguishable here as there, the former being
characterized by its vascular appendages and pigmented larval sense
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organ. The opinion of Caullery (1895) and Pizon (1905) is that the
double larva is due to precocious budding; and this view seems
unescapable from our observations. Pizon (1905) has so fully de-
seribed all stages in the budding of Diplosoma listeri, from which the
course of things in our species varies but little, that the barest outline
15 all we have thought necessary to give.

Various stages of bud development in the colony were observed
in this species. Examining plate 45, figure 66, one sees that the new
intestine (b.i.) arises from two sources. The new esophagus comes
from the mother esophagus and the new reetum is joined to the
mother rectum. According to Pizon, who watehed growing colonies
in all stages of development, a bud from the mother esophagus pro-
duces a new esophagus, stomach, and intestine, and these eurl around
to meet and join a little reetal bud from the mother rectum. The
budded branchial sac and rectum (b.b.) likewise arise from two
sonrces. The budded esophagus is joined to the mother esophagus
and the new rectum is joined to the mother rectum. According to
Pizon, the branchial sac is formed from the epicardium and its aceom-
panying rectum grows from a bud on the mother rectum up into place
alongside the new sac.  Plate 45, figure 67 shows at d. 1. the degenerat-
ing piece of intestine the disappearance of which severs the intestine
of the budded zooid (b.5.) from the intestine of the mother zooid
(m.s.). After the break there are two zooids in one of which the
original mother branchial sae (m.s.) has the newly budded intestinal
loop and the newly budded branchial sae (b.b.) has the old origmal

intestinal loop (m.i.).

Diplosomoides caulleryi, n. sp.
Pl. 40, fig. 21

Superficial charvacteristics of the colony.—Thin, enerusting, and
comparatively firm; thickness about 2 mm.: expanse several ecenti-
meters.  Color of preserved specimens dark gray sprinkled with white
caleareous spicules.  Zooids numerous, each branchial orifice 6-lobed,
licht colored, eirenlar. Common atrial orifices few, large, rounded or
elongated. flush with surface; test immediately around them free
from spicules. Spicules fairly numerous and evenly seattered in
surface of test. Little test immediately around branchial saes. this
stratum of colony being cavernous; lower stratum, containing abdo-
mens of zooids and large eggs, more continuous and solid. Spienles
sparingly scattered throughout test between bounding layers: some-
what resembling the large round test cells to which they are about
equal in size,
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Zooids —Length about 1.5 mm., consisting of thorax and abdomen
(pl. 40, fig. 21) ; long axis of abdominal loop usually continuous with
that of thorax, though often flexed laterally; mantle adhering very
closely to test. A few ectodermal vessels (e.p., pl. 40, fig. 21) with
club-shaped extremities present just anterior to stomach and toward
ventral side of zooid, always in close proximity and just ventral to
budded branchial sae.

Branchial system —DBranchial orifice with six small pointed lobes,
Atrial orifiee a great opening extending almost the length of sae and
reaching halfway across sides; atral languet present, large and scoop-
shaped. Branchial sac with four series of stigmata each containing
eight stigmata in a halfseries; dorsal languets three, very slender.
Branchial tentacles very slender, about sixteen, of different sizes, not
arranged in any regular order.

Digestive system.—Esophagus emerging from central portion of
posterior end of branchial sac, about one and one half times as long
as stomach, eurved. Stomach smooth-walled, globular-elliptical. In-
testine consisting of a piece immediately following stomach, large in
diameter and about equalling stomach in length; then a shorter con-
necting piece of smaller diameter, situated at lowest part of loop;
next a large. smooth-walled., bulbous portion; finally the rectal arm
of about same diameter as esophagus. lving about parallel with
stomach and esophagus. The smooth-edged anns situated just opposite
middle of posterior series of stigmata.

Reproductive system—Testis (., fig. 21) double, the two parts
forming rounded protuberances on right side of intestinal loop; vas
deferens arising between lobes and running along side intestine.
vas deferens arising between lobes and running alongside intestine.
Ovary an elongated sac between stomach and reetum ; the small ovarian
eges arranged in a row. It would seem that the ovarian sae allows
eggs to escape by rapture sinee in some colonies large eges studded
the lowermost layer and apparently had no connection with zooids.

Budding.—TIntestinal and similar to that deseribed for Diplosoma
pizoni. In this species esophagns of budded sae joins mother zooid
very close to junetion of mother esophagus and stomach.

Habitat and distribution.—Known only from upper part of San
Diego Bay, near National City.

The combination of characters in this species makes diffienlt ts
inelusion in any of the numerous genera that have been ereated for
ascidians of the Didemnwm type. In fact. as the family Didemnidae
has been defined by some authors, es.. von Drasche (15883) and Van
Name (1910}, it would be exeluded from the family by its possession
of a straight vas deferens according to hoth these anthors, and hy its
atrial languet aceording to Van Name. We, however, agree with
Hartmeyver (1909) that the definition of the family ought to be suffi-
ciently elastie to admit this species. It seems to us that in the general
character of the colony, especially in its being hardened by the pos-
session of caleareons spienles and still more in the type of budding
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its closer affinity to the Didemnidae through T'rididemnum than to the
Polyeitoridae through Disfaplia is undoubted. Having deeided that
it belongs to the Didemnidae, the question as to what genus of that
family it should be assigned remains to be decided. Aeccepting the
genera of the family recognized by Hartmeyer (1909) only two of
the nine of these, Didemnum and Polysyncraton, are regularly char-
acterized by the possession of an atrial languet, and in both of these
the testis is single-lobed and the vas deferens is coiled ; so it does not
seem possible to regard our species as belonging to either of these
genera.  All things eonsidered, we conclude that the species ean be
placed 1n Diplosomoides Herdman with less violenee than in any other
recognized generie group. In all respeets other than that of its atrial
languet, caulleryi conforms very well to the characterization of this
group; and we think Hartmeyer (1903) justified in redefining Diplo-
somatdes as as to inelude species which, like his ). dubiwm, possess an
atrial languet. The languet of dubiwm is much shorter than that of
. cauwlleryr, and the difference between the two may be taken, as we
have contended in disenssing the structure in Amarowciwm, as indi-
cating 1ts modernness and, perhaps for this reason, undependableness
for the characterization of genera.

We take pleasure in naming this especially interesting species after
Professor Caullery, whose observations on the reproduction of varions
species of the Didemnidae has contributed so mueh to our knowledge
of the remarkable phenomena here presented.

Glossophorum planum, n. sp.
Pl. 39, fig. 13; pl. 46, fig. 71

Superficial characteristics of the colony.—Larger colonies pumpkin-
seed shaped, smaller ones spherical, all having short, thick, evlindrical
penducles; outline regular, surface smooth, free from sand or other
forelgn substances; systems distinet and regular, zooids plainly seen
through test; common cloaeal orifices open and very distinet even in
preserved speeimens (pl. 46, fig. 71). Color grayish brown, much the
same in living and preserved specimens. Length of about maximum-
sized colony 10 em., width 5 em., thickness 1.5 em. The test consist-
mg chiefly of a well-defined central core into whiech zooids do not
extend ; small in quantity among zooids; matrix semicartilaginons and
transparent, but containing a great number of very small pigmented
cells which impart to it a somewhat dirty tinge; portions among
zooids containing seattered, rather small bladder cells; central core
thickly penetrated by thin-walled transparent stolons to which zooids
are always attached.
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Zoowds.—Numerous, distinetly seen through test, arranged in very
regular systems, on an average about a dozen individuals in a system,
occasionally as many as twenty, in a syvstem. The three regions of
body, thorax, abdomen, and postabdomen, distinetly set off from one
another, making it difficult to extract zooids entire: never much eon-
tracted; little pigment matter in tissue:; musculature very feeble;
mantle thin and transparent; entire structure easily made out by
examining animals tn situ in slices of colony. Length of zooids about
4.5mm.; length of branchial sac about 3 mm.; postabdomen slightly
longer than abdomen ; museulature very wealk, About sixteen delicate
longitudinal musele bundles extending from branchial siphon back-
ward to ternmnate about midway the length of branchial sac; a few
delieate encireling fibers in branchial siphon ; stronger fibers constitut-
ing a sphincter muscle around atrial orifice,

Branchial system —DBranchial orifices easily seen on surface of
colony ; each with six broad seallops when fully expanded, but becom-
ing pointed lobes upon eontraction.  Atrial orifice overarched by a
long broad languet often truncated but sometimes with three delieate
terminal lobes; size and shape of languet depending upon age of
zooid and its position in system. Tentacles eighteen to twentyv-six, of
three lengths, the six longest nearly as long as the half-diameter of
cirele in which they are situated. Number of series of stigmata from
thirteen to seventeen : about thirteen or fourteen very regular stigmata
i each half-series: numhber of series as well as number of stiemata
inereasing with age of zooid; a small musecle band in each inter-
stigmatic vessel ; papillae on interstigmatie vessels regular in size and
arrangement. there beine one for the interval between every two
stigmata. Dorsal languets very regular, one for each interstigmatic
vessel, Endostyle narrow and straight.  Atvinm exceptionally large
and well-defined. :

Digestive system (pl. 46, fig. 71) —Small in proportion to size of
branchial sae; lateral flexure of intestinal loop pronounced. the antero-
posterior axis of stomach being bronght nearly to a right angle with
the long axis of branchial sac. Esophagus emerges from dorsal pos-
terior angle of branchial sac and bends abruptly ventrally to a right
angle to enter the smooth-walled stomach which is slightly asvmmet-
rical and a little longer than broad. Intestine usually divided into
three portions; first, the part immediately behind stomach which is a
little longer than stomach and has a bulge about midway of its length ;
next, a connecting piece that lies on left side and enters enlarged
rectal limb by a very small. short, exlindrical tubule; and third, the
long reetal piece having two blunt eaeea on each side of proximal end.
Reetum runs first parallel with stomaech, then passes to left of eso-
phagus and ends in a constricted anus a little less than half way up
branchial sac.

Pastabdomen elongated. pear-shaped. connected with abdomen by
a narrow peduncle near intestinal loop; containing but little mes-
enchymatous tissue, and a large and distinet heart (k.. pl. 46, fig. 71)
sitnated in its posterior end.

Reproductive system (0. and {.. fig. 71).—Not voluminous, ﬁit_llﬂtl‘ii
mn ]msmhu’lmm-n about midway of its length, compaet, the testicular
lobes (¢.) and ovary (a.) closely intermixed ; vas deferens (v.d.) eon
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spicuous, passing around left side of intestinal loop to right side and
following rectum to end near the anus: its last portion swollen when
filled with sperm. Tadpoles develop in atrinm.

Habitat and distribution—Species widely distributed on Cali-
fornia coast, it having been found at almost every point where
ascidian eolleeting has been done, from Mendocino to San Diego. 1t
15 confined to rocky loecalities, but not to the littoral zone, judging
from the frequeney with which it is washed ashore. To what depths
it extends is not known as it has never heen taken by dredge or trawl.

At San Diego it ocenrs on the United States Government break-
water at the entrance of the bay ; also on the breakwater at Coronado.
In these loealities it is not confined to the under surfaces of rocks,
but grows on their tops and sides,

Type locality—San Diego, California.

This species is undoubtedly closely related to Glossoplhorum humile
Lahille; but the following differences seem fully to establish the
specific independence of the two: G. humile, according to Lahille, is
entirely covered with fine sand, while our species is peenliarly free
from sand. The colony of . humile is relatively thinner than that
of 7. planum and no mention is made by Lahille of a peduncle of
(i, hwmile. The atrial languet is pointed in &. humile while 1t is
usually broadly truncate in 7. planum. There are about twenty stig-
mata in a half-series in 7, hunile while fourteen is the highest number
found in . planwm. According to Lahille and Herdman, . humile
possesses sixteen tentacles:; never less than eighteen have been found
for . planum.

Perhaps no speeies of compound ascidian in our fauna is so well
adapted for laboratory demonstration as is this, and since it is fairly
abundant and obtainable with little diffienlty, it should be nseful in

this way.

Macroclinum par-fustis, n. sp.
Pl. 38, fig. 3; pl. 45, fig. 63

Nuperficial charvacteristics of the colony—Sand-enerusted, consist-
g of a few or numerous club-shaped masses each having a peduncle
usually about twice as long as the more or less rounded head ; masses
connected together in colony by a stolonie basal network (pl. 38, fig.
3). Length various, the largest colony investigated 6 em. long, with
head 2 em. long and 1.5 em. thick. On smaller heads one common
cloacal orifice present in center of anterior portion; on larger heads
several such orifices oceur, each surrounded by abont twelve zooids.
Branchial orifices indicated by slight, sand-covered elevations in pre-
served specimens.  Test gelatinons and transparent, containing many
small test ecells seattered throughout its substance. Surface layer
tongher and usnally thickly embedded with sand grains.
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Zooids,—Consisting of thorax, abdomen, and postabdomen ; thorax
a little longer than abdomen: total length about 1em.: long post-
abdomen terminating in an elongated granular mass, probably stored-
up nutrient material. Mantle very fhin with numerous delicate
longitudinal muscle bands extending entire length of animal ; eirenlar
fibers in branchial siphon and a few irregular ones in mantle over
upper part of branehial sac.

Branchial system.—Branchial orifiee with six blunt lobes; atrial
with flat truncated languet ending in three lobes (pl. 45, fig. 63).
Branchial tentacles about thirty, of three sizes. Branchial sac with
sixteen series of stigmata, from twenty-five to thirty stigmata in a half-
series:; a small space near the endostyvle free from stigmata; stigmata
next to endostyle smaller than others of a series. Endostyle straight
and narrow. Dorsal languets with flattened bases which run into
transverse vessels upon which they are situnated, about as long as
stigmata in anterior part of the sac, becoming a little longer and
heavier toward posterior end of series.

Digestive apparatus—Esophagus emerging from middle of pos-
terior end of branchial sae, about equal to stomach in length. Stomach
roughly evlindrical. a little longer than wide, with a seam on left
surface : wall granular on its inner surface, but not folded. Intestine
extends posteriorly from stomach for a distanee about equal to length
of stomach, then makes a loop and after running parallel to stomach
crosses esophagus on left side and ends in a bilobed anus less than
halfway up atrial chamber. In base of loop intestine narrows abruptly
to enter reetal arm between two blunt eacea (c., pl. 45, fig. 63).

Reproductive system.—Gonad a pyriform elongated mass  just
behind intestinal loop, the numerous testicnlar lobes composing the
ereat bulk of it; usnally one well-developed egg and several mueh
smaller ones, vellow in preserved specimens. sitnated in anterior of
wonad, surrounded by testis lobes,

Habitat and distribution—M. par-fustis is known from roeky
shores at La Jolla, Santa Monica, and Pacifie Grove; and from Dredg-
ing Station LIX, off San Pedro, in twenty-eight meters water.

Type locality.—La Jolla.

The name is derived from Latin fustis, a endgel. The systematie
position of this and the next species, M. pellucidum, is by no means
elear. M. par-fustis might be placed in the genus Pasammaplidinm,
its resemblance to P. retiforme Herdm., one of the species of this
genus with a smooth-walled stomach, being close. However, on the
basis of the single character, the sandiness of the test distinetive of
Psammaplidium, it would be necessary to assign par-fustis and pel-
liicidum to different genera, a course which in onr judgment would
be unjustifiable in view of the very close resemblance of the two so
far as the zooids are concerned.

All things considered, we conclude that Macroclinum Verr. as
redefined by Hartmeyer (1903) is the generie group with which our
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species is most akin,  According to this revised definition, the only
diffienlty in the way of this disposition of the species is the break-
ing-up of the colony of both par-fustis and pellucidum into elub-
shaped masses.  In view, however, of what ocenrs in the varions other
allied genera, this difficulty can hardly be regarded as serions. What
may be of more importance as tonching the integrity of Macroclinum
15 the discovery by Van Name (1910) that the inner surface of the
stomach of M. pomum (Sar), which should be the type species of the
genus, is areolated. This fact raises the question of whether further
study may not make 1t advisable to retain the genus Aplidiopsis
Liah., which Hartmever has assumed to be synonymous with Macro-
clinwm, for the smooth-stomached speeies.  Should this turn out to
be so, par-fustis and pellucidum would be transferred to Aplidiopsis,

for there 1s no trace of areolation in the stomachs here,

Macroclinum pellucidum, n. sp.
Pl 39, fig. 9; pl. 45, fig. G2

Superficial characteristics of the colony.—Pyriform with pedunecle
as long as and often longer than globular portion : entive length abont
L5 em.  Anterior surface somewhat flattened with one large, centrally
located, common atrial orifice; around this usnally three to six
branchial orifices: branchial orifices 6-lobed; eommon atrial orifice
indistinetly 12-lobed.  Colony ecolorless and transparent, making
zooids distinetly visible through test: test tough on outer surface and
only thin partitions between zooids within (pl. 39, fig. 9).

Zoomds—Oceupying greater part of globular portion of ecolony.
though unusnally contracted in preserved specimens. Branchial saes
often broken loose at orifice and forced out throngh opening by
shrinkage of eolony. Thorax, abdomen, and postabdomen each about
3 mm. long. Mantle with about twelve wide, longitudinal musele bands
on a side, these separated by spaces several times wider than bands;
bands running together just below branchial sac: lodged in a depres-
sion on ventral side of zooid between arms of intestinal loop, and con-
tinuing posteriorly into peduncle. where they disappear in a large
lobe of granular material., probably aceumulated food (m.b., f.am.,
pl. 45, fig. 62).

Branchial system.—Branchial siphon indistinetly 6-lobed ; atrial
with flat, truncated languet having usunally three or four lobes.
Branchial sac with eleven series of longe. narrow stigmata. ahout
twenty in half-series; most posterior series having longer stigmata
than others; stigmata of last series gradually shorter toward endo-
styvle; in vounger zooids number of series less than eleven, sticmata
at the ends of a half-series small, oval, gradually becoming longer
toward middle of series. Dorsal languets long and flat, with broad
flat bases which merge into membrane of transverse vessels upon which
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they are situated ; as long as the stigmata in anterior part of sac, and
inereasing in length toward posterior end.  Endostyle much con-
voluted, doubtless due to shrinkage. About twenty elosely =et,
branchial tentacles of three sizes,

Digestive system.—Esophagus emerges from dorsal posterior part
of branchial saec and makes a short curve to enter large, globular,
smooth-walled stomach. Stomach with long axis almost horizontal,
asymmetrieal by entranee of esophagus on median line of under side.
Plane of intestinal loop placed nearly at a right angle to sagittal
plane of zooid ; anus about halfway up branchial sae (pl. 45, fig. 62).

Reproductive system.—Ovary and testis closely associated ; mostly
on dorsal side of intestinal loop when immature, but extending behind
it in maturity. Testicular lobes numerous and surrounding the eom-
paratively few eggs loeated in anterior part of gonad. Tadpoles found
in atrial cavity in July.

Habitat and distribution.—Known only from La Jolla, where it
oeeurs on rocky shores between tides. Only one lot of specimens has
gso far been found. The almost glass-like transparency of test of
animal in Life has suggested the speeifie name. For remarks on the
systematic position of this and the preceding species, see under M.
par-fustis.

Amaroucium californicum, n. sp.
Pl 46, fig. 72
This species has been referred to several times in papers by the
senjor author as a MS. species by Ritter; but in the absence of a
diagnosis or a figure hitherto published, from now on it should be
assigned to Ritter and Forsyth,

Superficial characteristics of the colony.—Exeeedingly irregular,
usually encrusting, variable in the thickness even in same colony ;
frequently lobulated. in some eases peduneulated. Very variable in
size, often reaching an expanse of from 10 to 20 em. ; thickness varving
from .5 to 2 or 3 em.. even in same colony. Never enerusted with
sand. but sand sometimes seattered through deeper portions. Color
varions, from opaleseent white to reddish brown.

Zooids —Usually very numerous; frequently, though by no means
invariably, distinetly visible through test, both in living and preserved
colonies.  Systems sometimes present, distinet; sometimes absent. the
same colony at times showing both eonditions. In an encrusting
colony from San Diego jetty, the systems very plainly oval when
zooids were few in number but beeame elongated as number of zooids
inereased. These zooids were orange-colored especially anteriorly;
buried in the clear, colorless, transparent test, systems separated on
the surface by whitish, almost opaque, elevated ridges. In another
colony devoid of systems, the individuals were light brown, set in the
still lighter, opalescent, gelatinous test. Still another colonv was
opalescent white, individual zoods opaque white. Rarely large. not
often exceeding 6 mm. in length, usnally shorter, only a few zooids
observed whose long, slender postabdomens brought them near to 1 em.
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in length; consisting of thorax, abdomen, and postabdomen, marked
off from each other by slicht constrictions; thorax and abdomen
usually about same length. JMusenlature consisting of about fifteen
longitudinal musele bands on a side, extending into postabdomen where
they are closer together and stronger: usually considerable pigment
in mantle,

Branchial system —Branchial orifice with six well-developed lobes;
atrial without lobes. but having a long, tapering, pointed languet.
Branchial sac with eight to fourteen series of stigmata, ten seemingly
most common; about twelve stigmata in a half-series. Endostyle
narrow and straight. Dorsal languets, one to each transverse vessel,
placed to left of a clear strip of sae free from stigmata; about as long
as stigmata and gradually inereasing in length toward posterior end
of series. Branchial tentaeles short, blunt. about ten, somewhat
irregularly scattered.

Digestive system.—Plane of intestinal loop transverse to median
plane of zooid:; esophagus large and almost twice the length of
stomach ; stomach evlindrical, about as wide as long, with longitudinal
folds each presenting a loop turned toward anterior end of stomach;
folds sometimes branching or discontinuous, making the number
rariable for different colomies, twenty-two and fourteen being the
average for a large number of zooids., Intestine divided into three
divisions ; anus not quite halfway up branchial sae.

Postabdomen and reproductive system—Varving greatly in length,
short in young zooids. Testieular lobes (f., pl. 46, fiz. 72) in two rows,
right and left. Ovwvary situnated a short distance behind intestinal loop
just anterior to testicular lobes, mueh less voluminons than the latter.
Larvae retained in atrial echamber till a late stage of development.

Breeding season—June and July, at least.

Habitat and disiribution.—A. californicwm is probably the most
common aseidian on the California coast. It oecurs on rocks, nsnally
on the under sides, at all points where collecting has been done, and
is found everywhere on piles, floats, breakwaters, ete., except in the
upper portions of bayvs where the density and temperature of the
water are distinetly different from normal sea water. Dredgings do
not indicate that it flourishes in depths bevond a very few fathoms.
It also oeeurs at Puget Sound (Ritter, 1900), and. with some doubt.
on the Alaskan ecoast as far to the north and west as the Shumagin
Islands (Ritter. 1901).

Type locality—San Diego.

Although A. ealifornicum possesses no strikingly distinetive char-
acteristies, 18 very variable and has a wide distribution, it cannot
be identified with any hitherto described species. Its elosest relative
appears to be A. glabrum Verrill of the north Atlantic eoast of North
America. The detailed examination of A. glabrum and also of the
allied species A. pellucidum by Van Name (1910) enables us to make
a pretty satisfaetory comparison of californicum with these species.

To the general form of the colony of californicum, the reverse of



1917 | Ritter—Forsyth: Ascidians of Soulhern California 455

the statement made by Van Name for glabrum may be applied. Con-
cerning the Atlantie speeies he writes: “*The tendeney to irregular
and individual variation in the shape of the colony is eonsiderable,
but nearly all the shapes are readily recognized as modifications of the
capitate form above deseribed.”” For californicum we might transeribe
this sentence, but with the word “‘capitate’’ changed to *‘encrusting.”’
['ndoubtedly the typieal colony of californicum is flat and cake-like,
but deviations from this in various directions are numerous,

As to the zooids, the following differences seem to be differential ;
the average number of stigmata, twelve, in a half-series in californicum
is 0 mueh fewer than the number, eighteen, given for glabrum, as to
leave no doubt about the distinetness in this point. The number of
folds in the stomach wall is also undoubtedly sharply different in the
two species. As our table 3 shows, the folds of the californicum
stomach vary widely in number, the lower limit being fourteen and the
upper limit twenty-two; and a earsory inspection of the table reveals
that the prevalent number is much nearer the upper than the lower
limit. Coneerning the folds of glabrum, Van Name sayvs: “*The
stomach has as a rule a rather small number, 12 to 15, of deep longi-
tudinal folds; but in some colonies the number averages higher, about
18 or 20 or even more.”" An exhaustive statistical comparison of the
two species would be interesting, but there is little guestion as to
what, in general, the result would be. Further, the sharp division of
the loop of the intestine into a portion of large and smaller diameter
found in californicuwm must be wanting or nearly so in glabrum, judg-
ing from Van Name’s fiure. There are probably minor differences
in the lobings of the branchial and atrial orifices, but this point
requires further examination.

TABLE TIT

FoLps 13 THE SToMACH WALL 0F IMFFERENT X00IDE OF THE SAME COLONY OF
Amarmicium calif ornicum

Colony Falds
1. From San Diego jetty, 22-20-23-20-22-22-20-19-22-23-23-10
outer harbor. 20-21-19-21-22-23-20-22,
2. From San Diego piles, 21-19-20-21-19-19-20-21-20-21-20-21
inner harhor, 16-21—-22_2] 232222 2] 16-20-16-1%
20-21-232-18-22,
3. Santa Moniea, 20=19-15-20-21-19-19-19=21-20-19-20
1=zt colony. 29_10-18-19-21-22-20-19.
4, Banta Moniea, 14-12=12-12-12-14-12-12-14-13-14-12
2d colony. 14=14-15-14-13-14-14=-13.
5. Pillar Point. 16-15-15-15-14-14-14-15-15-15-15-14

15-15-16-14-14-14-14-15-14,
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The data contained in the above table are presented as a little
study on the problem of variation of organisms produced monogenet-
ically. The two faets revealed by them are sufficiently significant to
warrant their publication, indicating as they do the desirability of sub-
Jecting the point to a special investigation. First there is a consider-
able range of variation among the zooids in a eolony, the extremes
being 16 and 23 in colony number 2. This result is not in harmony
with the widely held notion that variation does not take place to any
extent among individuals produced asexunally from the same parent.
The second notable faet is that some of the colonies, especially number
4. have a very distinet mode of their own. The question as to whether
we have here a case of what may be called somatie heredity obtrudes
itself and invites experimental study.

Amaroucium solidum, n. sp.

Pl. 46, figs. 69 and 70

Nuperficial characteristics of the colony.—Large, fleshy, potato-
shaped lobes; young colonies more globular; largest colony studied,
length 16 em., width 7em., thickness 3.5 em.  Some living colonies
opalescent white, the zooids showing as opaque white objects; others
opalescent with a yellowish blue tinge, the zooids distinetly wvellow.
Zooids very numerous, standing at various angles in eolony. Systems
seemingly never present. Test gelatinous with many variously shaped
pigment grains; surface layer tougher than underying portion.

Zootds —A little pressure on a living colony forees zooids ont upon
surface; easily removed from test in preserved specimens; varving
ereatly in h*n,i_'.'th. some very long, extending well back into central
gelatinous eore: average length in large colony, thorax 3 mm.,
abdomen 2 mm., postabdomen 8 mm. Mantle delicate and transparent.
containing about twenty-four longitudinal musele bands on a side,
these separated by considerable spaces in the thorax but eloser together
in the abdomen and postabdomen; a few transverse fibers in the
siphonal region.

Branchial system.—Branchial siphon with six blunt lobes grooved
so as to appear twelve when viewed from above; atrial siphon with
short, overhanging, triangular languet and five small. pointed lobes.
Branchial sae with from thirteen to fifteen series of stigmata. each
series having about fifteen stigmata on a side in middle of sac (pl. 46,
fig. 69). Endostyle wide and straight. with a narrow space on each
side free from stigmata, Branchial tentacles about twenty, of varving
S1Z08,

Digestive system.—Plane of intestinal loop, transverse; esophagns
almost as long as stomach ; stomach evlindrieal, one and one-half times
longer than wide, having about eight folds, these sometimes discon-
tinuous (s., ﬁg 69) : intestine divided into several parts (pl. 46, fig.
T0) ; first, a piece a little shorter than stomach with a bulge about mid-
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way of its length ; second, a larger seetion which makes the loop ; third,
a short, very narrow isthmus connecting the large picee just deseribed
with rectal limb, the beginning of which is provided with prominent
caeca ; and finally, the rectal piece running up left side of body to end
as a constricted anus about one-third the distance up branchial sac.

Postabdomen and reproductive system.—The postabdomen variable
in length, often three or four times as long as thorax: about half the
diameter of thorax, tapering toward posterior end. The conspicuons
cloison, or partition, halves the cavity of postabdomen from right to
left ; many round pigment granules oceurring in walls of this partition.
Numerous regular testis lobes occupy posterior half of postabdomen.
The ovary (o., pl. 46, fig. 69) just anterior to the latter, gquite remote
from intestinal loop.

Breeding season.—Summer months at least, the atrial echambers of
zooids examined at this time being filled with tadpoles.

Habital and distribulion.—The only localities from which speei-
mens have been certainly identified as belonging to A. solidum are
San Diego Bay and Santa Monica, where they were taken from piles
in both loealities. Almost certainly, however, the speeies oceurs in
Monterey Bay and other northerly points.

Type locality—San Diego Bay.

The great variability in the eolonies of A. californicum makes the
species seem to inelude solidum so far as external appearance 1s con-
cerned, and sinee the two overlap a good deal in distribution, 1f indeed
they are not coineident, the eollector is likely to confuse them at times.
In general. however, the much greater massiveness of selidum will
distinguish them even to eursory observation. But examination of the
zooids leaves no guestion about the specifie distinetness of the two.
Perhaps the most aceessible point of distinetion between the zooids of
the two is in the secondary lobing of the lobes of the branchial siphon
of A. solidum and the teeth around the atrial orifice in the same
species,

A. solidum has much in common with A. ebeswm Slait. (Slaiter,
1900) from the Chatham Islands. But the two are well distinguished,
seemingly, by a number of characteristics, notably the undivided
branchial lobes and the absence of denticles around the atrial orifice
in abesume. In fact, the two positive characteristics in solidum are
very exceptional in the genus Amarcucium.

Amaroucium aequali-siphonis, n. sp.
Fl. 38, fiz. 4; pl. 45, fig. 61
Superficial characteristics of the colony—Consisting of long,
pedunculated, club-shaped lobes, completely enerusted with sand, each
growing from a basal network. Both head and peduncle of each lobe
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usually flattened throughout its entire length; heads not sharply set
off, but tapering gradually into pedunele whiech becomes gradually
smaller until attached end is reached. New lobes spring at times from
substratum and result 1 a dense growth of more or less parallel,
slender lobes (pl. 38, fig. 4). Sometimes many lobes arise from a eom-
mon center, resulting in a more or less spherical body whose surface
is made by the heads of the lobes. In this form of growth the heads
of the lobes have a broader anterior expanse than in the form first
desceribed ; the lobes themselves sometimes branched. Test gelatinons
and transparvent, but having a dirty tinge due to innumerable small
test eells. No common ecloacal orifices present. Length of longest
lobes about 2 em., width of heads about 7 mm., thickness 3 mm.

Zooids (pl. 45, fig. 61).—Not arranged in systems; both siphons
opening on surface of distal ends of lobes of colony ; long and slender,
the postabdomen extending through almoest entire length of pedunele
to end in a slight swelling which contains heart ; abdomen somewhat
longer than thorax. Mantle contains longitudinal musele bands which
run length of zooid and are separated by considerable spaces over
thorax and abdomen, but are eloser together in postabdomen.

Branchial system —Both orifices distinetly 6G-lobed. Branchial
tentacles about twenty, alternating long and short. Branchial sae
with eight series of stigmata, about fifteen stigmata in a half-series.
Dorsal languets about as long as stigmata (pl. 45, fie. 61).

Digestive system.—Intestinal loop somewhat longer than branchial
sac, its plane oblique to sagittal plane of zooid; esophagus about equal
in length to stomach, tapering to a small diameter at its entrance into
stomach : stomach somewhat longer than broad, wall longitudinally
folded. the folds, never more than six or seven, sometimes. broken,
often one whole side praetically foldless; portion of intestine hetween
stomach and loop about twiee as long as stomach, constrieted about
midway in its eourse; a small, short tube intercalated into intestine
at bezinning of reetal limb; lobed anus loeated a little anterior to
middle of branchial sae (a., pl. 45, fig. 61).

Reproductive system.—Ovary posterior to intestinal loop, not in
contact with it; testis lobes numerons, beginning just posterior to
ovary and extending through entire postabdomen (o.. ., pl. 45. fig. 61).

Habitat and distribution.—So far the species has been taken only
at Rineon Point, Santa Barbara, California. It belongs to the littoral
zone alone, so far as we know.

In spite of the violence done to the genus Amarouciwm by foreing
this species into it, after much deliberation we have decided that for
the present, at least, to do so is justifiable. As will be seen from the
desceription and figures, the animal is a perfectly typical member of
the genus in every respect excepet possibly the character of the eolony
and certainly the form of the atrial orifiees of the zooids. The pedun-
culation and lobulation, and the sand-inerustation of the ecolony,

though not altogether tyvpical are by no means unique, the type species

s —
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proliferum M. Edw. of Amaroucium being, as is well known, pedun-
E'l'l]:lh"{l. J\Ild numerons 'SEII"I'i{"H Are more or ]1':-:5;. sand covered.,

The serions diffienlty is in the entire absence of an atrial languet
and the regular 6-lobing of the orifice. But although the possession
of a languet is rightly regarded by most authors as one of the best
generic characters of Amarowcivm, a comprehensive review of the
genus reveals the fact that while in the great majority of the species
the languet is distinet and large, a fairly complete series from the
langueted orifice to the regularly lobed type like that in our animal,
exists.

A. complanatwm, Herdm., and A. paflidum, Herdm. are deseribed
by their anthor (Herdman, 1891) as having the atrial languet short
and inconspicuous. In A, pribilovense Ritt. (Ritter, 1899), the
languet is ““very variable in length. in some zooids the siphon depart-
ing but slightly from the normal 6G-lobed eondition.””  And finally in
A. ancmalion Herdm., the atrial siphon is wholly absent, judging from
the author’s figure; the point is not mentioned in the text ( Herdman,
1899, pl. Pel IT1, fig, 14).

Nor could one expeet otherwise than that a range of variety like
this would oceur in a genus of many species when he considers the
abundant evidenee that the atrial languet is, phyvlogenetically speak-
ing. a late differentiation from the normal. evenly bordered siphon.
On the whole, therefore, we have thought it more warrantable to place
the species in this genus than to adopt the next best alternative—
that of establishing a new genus—a course which may be necessary at
some future time when a study shall have been made of the kindred
animals from the whole California coast. We have observed several
other closely similar ascidians from points north of Point Conception,
and an exhaustive study of all these may necessitate a change in the
present disposition of the species now under consideration.

In coneluding. for the present, these remarks on the taxonomy of
this species, we would point out that were the genus Sigilline to stand
substantially as deseribed by Savigny, these California species would
probably accommodate themselves more easily to it than to any other
of the numerous small off-side genera of the family Synoicidae
(Polyelinidae). If, however, Sagillina really belongs to the Poly-
citoridae ( Distomidae) as is now held to be the ease, there would be
no possibility of placing our species in this genus, for its polyelinid
characteristics are unequivoeal.



4490 University of California Publications in Zoology  [VoL. 16

Euherdmania claviformis (Ritt.)

Herdmania olaviformis, Ritter, 1903, P 237,
Euherdmania claviformiz, Ritter, 1904, p. 650,
Euherdinania claviformis, Hartmeyer, 1809, p. 1470,

This 15 one of the abundant ascidians on the sonthern as well as
on the central and northern California coast. In the vieinity of La
Jolla, for example, it is found in great abundanee on the under side of
rocks at low tide. Apparently it is confined to the littoral zone.

On the whole the zooids are somewhat smaller in southern than in
northern colomies.
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EXPLANATION OF PLATES

PLATE 38

Styela montereyensis. Whole animal. Natural size,

Fig. 1.
Fig, 2. Styela barnharti. Whole animal, a little larger than natural size.

Fig, 3. Colonies of Macroclinum par-fustis, joined by basal stolons of test.

Natural size.

Fig. 4. Colonies of Admarcouciuvm aecquali-siphonis joined by basal stolons of
test. About twice natural size,

Fig. 5. Molgula verrucifera, Throe animals. 2.

Fig, 6. Adzcidia californica. Whole animal. Natural size.
Zooids joined by basal stolonic network and

Fig. 7. Falyzoa translucida,
MNatural zize,

growing among the branches of a young hydroid.

Fig. 8. Metandrocarpa michaelseni.  Zooids connected by trails of test.

Natural size.
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PLATE 39

Fig. 9. Colony of Macroclinum pellucidum with zooids seen through trams-
parent test, X 6.

Fig. 10. Small portion of a colony of Botryllus fuberatus showing a single
gysetem of zooids, two tuberlike masses of ectodermal ampullae, ca., and ecto-
dermal vessels. X 8.

Fig. 11. Colony of Didemnuwm carnulenfum. > 2,

Fig. 12. A single system of Botryllus tuberatusz, showing character of the
common cloacal orifiee. The lower lip of atrial siphon extends bevond edge of
commaon orifice. X 8,

Fig.

Fig. 14. Three zooids of Metandrocarpa michaelsent showing trails of test
and eetodermal processes,

13. Colony of Glossephorwm planum. Natural size.
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PLATE 40

Fig., 15-20, Molgula verrucifera.
Fig. 15. Animal viewed from left side, test removed. X414,
Fig. 16. FPortion of branchial sac showing three folds.
Fig. 17. Tip of atrial siphon showing processes.
Fig. 18. Tip of branchial siphon showing processes.
Fig. 19. Pranchial tentacles.
Fig. 20. Hypophysis and ganglion.
Fir. 21 Diplosema caulleryi. Xooid viewed from right side.

Fig. 22, FHotryllus tuberatus.  Zooid enlarged, view from left side espeei-
ally to show the snout-like atrial siphon, a.s.

Fig. 23. Didemuonum carnulentum, var. loeteolum, Looid much enlarged, viewed
from left =ide.
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PLATE 41
Figs. 24-27, Ascidia californica.
Figr. 24, Animal viewed from left side, test removed. Natural size,
Fig. 25. A portion of tentacnlar cirelet and hypophyseal region seen from
within.
Fig. 26. Stomach and intestine viewed from right side to show ramifieations
of ovary and testis.
Fig. 27. Two lobes of atrial siphon showing the bordering tecth and pig-
ment spots.
Figs. 28-34, Styela montereyenzis,
Fig. 28. Animal, with test removed, viewed from the right side, showing
position of the reproductive organs. Natural size,
Fig. 20, BSame viewed from left side.
Fig. 30. A portion of the tentacular eirelet and hypophyseal region seen
from within.
Fig. 31. Anterior portion of ovary, viewed from the inner surface.
Fig. 32. Atrial siphon eut so0 as to expose part of velum with atrial branches.
Fig. 33. Spinule
Fig. 34. Spinule.

Fig, 35. Styela yakutatensis. Spinule,
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PLATE 42
Figs, 36-38, Polyzoa translucide. Animal much enlarged

Fig. 36. Viewed from left side with test removed,

Fig. 37. Same viewed from right side.

Fig. 38. Hermaphroditic gonads,

Figs., 3% and 40, Styela barnharti,

Fig. 39. Animal with test removed, viewed from the right side and with
muscle bands of mantle indicated only in siphonal regions. Natural size,

Fig. 40. Same viewed from left side, with musele bands of mantle indicated
only in giphonal regiong.  MNatural size.

Figs., 41-45, Metandrocarpa michaelseni,

Fig. 41. Animal much enlarged, viewed from left (lower) side, test removed.

Fig. 42. Same viewed from right (upper) side.

Fig. 43. FBEranchial tentacles, hypophysis, ganglion and gland viewed from
ingide,

Fig. 44. Atrial tentacles,

Fig. 45. Testis masses attached to mantle.
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