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debris in the zooids or any part of the colony to cause color. The
viscera of the zooids appear as dark-brown, opaque bodies, especially

the testes, which are of large size in this species.

The form of the zooids as seen in side view is best described as

oval, some individuals being quadrangular or some elongated. In
size they vary from 2 to 2.6 mm. in height and from 3.2 to 4 mm. in

length, the average conditions being 2.4 mm. high and 3.7 mm. long.

It should be emphasized in this connection that throughout the colony
there is very great uniformity as to the size of the zooids. This is

strongly in contrast to conditions found in the three preceding forms
(P. verticillatum and its variety cylindricum and P. hybridum) . The
atrium in this form is of moderate length, i. e., from one-third to one-
half that of the branchial basket. The oral or prebranchial chamber
is rather short but never entirely lacking (fig. 18).

The mantle is fairly firm in texture. Associated with it are the

muscles usual in the subgenus. These are the customary pair of

cloacal muscles—rather long and narrow— , oral and atrial sphinc-

ters, and two circum-oral ring fibers.

The short prebranchial zone never exceeds one-fourth of the length

of the branchial basket. The mouth is small and shows the charac-

teristic " fringe" and ventral tentacle. The branchial basket is

nearly oval in side view, with slightly truncated posterior end. On
each side there are 16 longitudinal bars, occasionally only 15, and 27

to 28 stigmata! rows. The endostyle is peculiar in being shorter

than the branchial basket. Dorsal languets, 6 to 7. The luminous

organs are mostly oval. Each of the dorsal leucocyte masses is

small and distinct. A description of the digestive tract would corre-

spond very closely to that given for P. verticillatum cylindricum

The stomach may be relatively larger, but is still rather narrow and

rather square at the ends; the intestine is thicker and less sharply

bent upon itself.

Gonads. In this species the zooids are protogynous. The egg ripens

early, and when considerably advanced in development, detaches

itself from the cloacal wall and moves up into the right peribranchial

space. The testis attains to a large size, and when mature is compact

and globular, protruding strongly beyond the ventral body contour.

It consists of about 18 finger-like lobes which are directed for the

most part upward and slightly forward.

We see in this species, for the first time in this subgenus, an ap-

preciable narrowing and likewise a lengthening of the cloaca. The

reduced size of the atriopore is also characteristic, for although not

so small as in some (P. atlanticum and its several subspecies) it is

much more constricted than in the previously described members of

this subgenus.
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Distribution. This species is at present known only from the

western Pacific Ocean, and was taken during the Albatross Philippine

Expedition, 1907-1910, at the following stations:

D. 5319, China Sea, vicinity of Formosa; November 5, 1908: 20

fathoms; surface temperature 79° F.; one specimen (Type), Cat. No.

G416, U. S. N. M. Eastern Tropical Pacific Expedition.

H. 3788 (A.A. 15), latitude 4° 35' N.; longitude 136° 54' W.;
600 miles north of the Marquesas Islands; September 8, 1899, 2,583

fathoms; surface temperature 80° F., one specimen, Cat. No. 6425,

U. S. N. M.

PVROSOMA OPERCULATUM (Neumann, 1908).

Plate 24, figs. 21-23.

Only one specimen of this interesting form has been collected.

This was found in the Indian Ocean a little westward of the Chagos

Archipelago (Deutsche Tiefsee-Expedition, Station 228). The colony

is about 5£ cm. long and 3^ cm. broad. In form it is broad and cylind-

rical, roundly truncate at both ends, the closed end being somewhat
broader than the open end, the shape of the colony being thus unique

among the Pyrosomas. The surface of the test is quite smooth in

this species.

The zooids are closely and irregularly placed in the test. They
attain a length of about 9 mm. The prebranchial chamber is of

moderate length; it is encircled by two circum-oral muscle fibers.

The branchial chamber in side view appears as a slightly prism-

shaped box, narrowed behind, with straight sides, as the endostyle

is not curved except at its extreme anterior end. There are about

40-45 rows of stigmata and 18-20 longitudinal branchial bars.

Dorsal languets, about 16.

Gonads. The testis is composed of 15-17 tentacle-like lobes, and
in their midst, a sperm duct with a dilated, spherical receptacle. It

lies in an evagination of the body wall. This species is strongly

protogynous. Growing zooids, in which the embryo has reached the

tetrazooid stage of development, contain as yet only the rudiment of

a testis.

The cloacal chamber is elongated and narrow, appearing three-

cornered in cross-section. In young zooids it may equal the length

of the rest of the body, but in older ones it is relatively shorter

—

about one-half as long as the rest of the body. On the ventral border

of the cloacal aperture there is a prominent, hood-like valve (figs. 22

and 23), which is found in no other species of Pyrosoma. The edges

of the aperture are bordered by a narrow muscle band, probably

identical with the cloacal sphincter in other forms. The function of

this peculiar apparatus seems to be, as Neumann thinks, to prevent

the water in the colonial chamber from flowing back into the pharynx
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of the zooid while water is at the same time entering it from the

mouth.
PYROSOMA AHERNIOSUM (Seeliger. 1895).

Plate 24, figs. 24 and 25.

The German Plankton Expedition found this species of Pyrosoma
in the tropical regions of the Atlantic, where it appears to be not at

all uncommon. Forty-eight colonies were collected, from nine dif-

ferent stations, by this expedition, while others have been found

subsequently in the Indian Ocean. The species is not represented in

the collections made by the United States Bureau of Fisheries, hence

we are dependent for our description upon Seeliger's original account

and Neumann's later studies of the same form.

The form of the colony is stated as variable, being usually cylin-

drical or conical, the open end being broader than the closed end.

In young colonies with but few whorls of zooids the closed end may
be considerably the broader. The maximum length is 3 cm., the

width 14 mm., although it is possible, as Seeliger thinks, that larger

specimens will be found. Since no specimens over 3 cm. long have
been reported (Deutsche Siidpolar, and Deutsche Tiefsee-Expedi-

tion), it seems very probable that this represents about the definitive

colony length for the species, especially since the zooids in colonies

of this size are sexually mature. There is a regular arrangement of

the zooids in the young colonies with 1 to 3 whorls of zooids, but in

older colonies this is completely lost. The definitive test processes

in this species resemble somewhat those of P. ovatum, except that they

are much shorter (fig. 24). In form they are thick-walled tubes,

which surround the oral siphons of the zooids and stand out perpen-

dicular to the surface of the colony. At their ends the oral apertures

are sunken in crater-like depressions and usually face directly out-

ward, sometimes a little ventrally.

The maximum length of the zooid is 5 mm. The oral siphon is

fairly long, almost equaling the rest of the body in some cases. Its

great width is significant also, the anterior wall being broad and flat.

On the inner (endodermal) wall of the oral siphon pigment cells have
been found, extending as far forward as the mouth (Neumann, 1913,

b). The branchial basket is broad (dorso-ventrally) , about equally

so at both its ends. The endostyle is only slightly curved. There

are about 24 rows of broad stigmata, and ordinarily 14 longitudinal

bars. The cloaca is a little narrower than the pharynx, the cloacal

muscle rather long. Pigment cells are found on the outer epithelium

of the cloaca (fig. 25), as well as on the follicle wall of the testis.

The testis consists of about 12 largo lobes which surround the intesti-

nal loop. The organ does not lie in an evagination of the ventral

body cavity, as is ordinarily the case in other Pyrosomas. The ovary

occupies its usual position at the right side of the testis.
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Gonads. The production of germ cells commences usually before

the zooid has reached its full development, and only after the embryo
is set free does the parent zooid complete its growth. Protogyny is

the rule for this species, the egg in the majority of zooids maturing

before the testis. Neumann (1913, b) in working over this species

found that the egg tends to ripen at about the same rate in all the

zooids. This is unlike the condition in P. verticillatum, where the

egg comes tardily to maturity in the primary ascidiozooids and

develops more and more rapidly in each succeeding whorl of zooids,

"until a certain stage is reached." In P. aherniosum the primary

ascidiozooids ripen their eggs first in almost every case, then the

succeeding whorls of zooids ripen theirs, in the order of their prox-

imity to the primary zooids; that is, in the order of their age. After

the embryo is set free from the ovary it completes its brood develop-

ment in the right peribranchial sac.

Seeliger finds in a large number of his specimens that there are but

three primary ascidiozooids at the closed tip of the colony, in place

of the usual four, a condition arising through the atrophy of one of

these four original buds. He suggests that there may be a tendency

here for a distinct variety to establish itself, one characterized by
the presence of only three definitive, primary ascidiozooids. Similar

freaks have often been noted in other groups of animals, as penta-

merous jellyfishes.

Distribution and occurrence.—This species, although rather

recently discovered, has proven to be of rather common occurrence

in the Atlantic Ocean, where it was first found. It has been reported

since from the Indian Ocean from six stations. Herdman (1888)

has described and figured a small Pyrosoma from the western Pacific

Ocean which he took to be the "P. elegans" of Lesueur. It seems

more probable that he was dealing with specimens of P. aherniosum;

this is the opinion expressed by Seeliger and by Neumann, who have
worked most on this form.

PYROSOMA OVATUM (Neumann, 1909, b).

Plate 25.

This species was described from 52 specimens collected in the

South Atlantic Ocean (Deutsche Siid-polar Expedition). It is

specially characterized by the egg-shaped or almost spherical colony,

and by the long tubelike buccal processes standing out here and
there from the surface of the test. The species is quite distinct from

all other known Pyrosornas; its characters are well defined, and there

appears to be no intergrading of this with other forms. The length

of the colony is given as 1 to 5? centimeters. The processes of the

test show some resemblance to those in P. atlanticum atlanticum,

but this resemblance is probably only superficial. The surface of
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the colony is smooth, except for these long, slender processes. At
the distal end of each process the surface of the test is raised into

papilla-like elevations, or denticles, each one containing a test cell

(fig. 29), and the oral aperture is surrounded by an overhanging wall

of the test. In a longitudinal section (fig. 28) the test process is

seen to be truncated obliquely so that the mouth opens somewhat
ventrally.

A loose and irregular arrangement of zooids obtains. Occasionally

a zooid will be found to be turned from its normal position, so that

its ventral side is directed toward the aperture of the colony. The
majority of individuals in the colony—that is, those lacking the

oral processes—are about 5 to 7 mm. long (fig. 27). Those with

the oral siphons well developed attain a maximum length of 19 mm.,
the siphon then measuring about 14 mm., or three-fourths of the

total length of the entire zooid (fig. 26). The inner epithelium of the

oral siphon is dotted with large, star-shaped and highly branching

pigment cells of a reddish color. In addition to the pigment cus-

tomarily found on the follicle of the testis there are scattered pig-

ment cells on the inner ectodermal wall of the cloaca, in the region

of the viscera. The occurrence of pigment cells in the cloacal region

has been observed in no other forms except P. aJierniosum and some
varieties of P. atlanticum, and in the latter species they are not prom-
inent.

The branchial chamber proper is oval or oblong, higher (dorso-

ventrally) in front than at its posterior end. The endostyle is only

slightly curved. In each branchial lamella there are 38 to 40 rows

of stigmata and about 18 longitudinal bars. Dorsal languets, for

the most part 9 to 10, sometimes as many as 12.

The luminous organs are small, elliptical bodies, lying equidistant

from the dorsal and the ventral mid-lines of the zooid.

The digestive tract is rather large and prominent The esophagus

has a broadly funnel-shaped aperture; it enters the triangular stom-

ach at its posterior side. In other respects the digestive tract is as

usual. The cloaca is broad, and its two lateral muscles are long.

Gonads. The testis, consisting of about 30 lobes, causes only a

very slight bulge in the ventral body wall. Consequently it extends

upward so as to inclose the loop of the intestine. Just to the right

of the testis and a little behind it is the ovary. This species is

protandrous, but the degree of protandry which obtains is not so

great as in other Pyrosomas (as P. atlanticum giganteum). In colonies

3 or 4 centimeters long, made up of numerous zooids, only a very few

individuals can bo found from which the embryos have been set free.

Hence it seems probable that older colonies of this species will be

found even larger than those already collected.

P. ovatum occurs in the Indian and South Atlantic Oceans.
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PYROSOMA ATLANTICUM (Peron, 1804).

Plates 15, 34, and 35; plates 26-32; plate 36, figs. 50-53.

There is a large group of closely related forms which we are in-

cluding in this species, classing as subspecies a number of forms

previously described as species, and also several new types in our

collections. To this group belong "Pyrosoma atlaniicum" (Peron,

1804), "P. giganteum" (Lesueur, 1815), "P. elegans" (Lesueur, 1815),

"Dipleurosomaellipticum" (Brooks, 1906), "P. triangulum" (Neumann,

1909, a), and our new forms liawaiiense, paradoxum, and echinatum.

It is not possible to tell to which of our several subspecies belong

the forms described by Peron and Lesueur. Those colonies of this

group, collected in the Atlantic Ocean, which have been described in

sufficient detail to allow exact identification, are all of the sort which

we treat as the subspecies giganteum, and, from the large size often

attained, they seem to be of the type which has long been called

P. giganteum. The colonies which we take as the type and paratypes

of the species atlanticum (subspecies atlanticum) are from the Pacific

Ocean. They are distinct from the Atlantic forms generally classed

as giganteum. They are probabl}7 the same as Huxley's southern

Pacific specimens which he called atlanticum and are surely the same

as Ritter's San Diego material, named by him giganteum.

Somewhat intermediate between these atlanticum forms and the

true giganteum are a number of colonies which we do not describe

in detail, though we refer to them later under the name intermedium.

Here would be placed the forms discussed by Seeliger and Neumann
as P. atlanticum and its varieties Isevatum and tuberculosum. Peron's

P. atlanticum probably should be placed here. Pyrosoma minimum
we do not discuss.

The problem of nomenclature is intricate and confused. There are

no descriptions of "atlanticum," not even Huxley's, which are clear

enough for certain identification. The earliest description of colonies

in this whole atlanticum group, which allow fairly confident identi-

fication, apply to large Atlantic specimens and are under the name
giganteum. Under these circumstances it might seem natural to

use the name giganteum for the species, holding the other forms as

subspecies, though this would involve redefinition of giganteum,

but, according to taxonomic conventions, we must retain the name
first applied to a member of this major species, though it is not pos-

sible to tell to which of the several subspecies the individuals first

described belonged.

In 1804, Peron described the first colony of these animals dis-

covered, giving it the name Pyrosoma atlanticum. From his descrip-

tion, and the locality of its collection, we can say only that it is a

Pyrosoma, probably of our larger atlanticum group. The fuller
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descriptions of Lesueur (1813 and 1815) and Savigny (1816) materi-

ally advanced knowledge of the genus, and Huxley's studies (1851,

1860, a, 1860, b, and 1861) gave a still more adequate conception

of its organization as well as of the reproduction. There has been

much confusion between P. atlanticum atlanticum and the several

other subspecific forms. We will make no attempt to follow through

all these descriptions and resolve the confusion. The attempt would

be tedious and at best only partly successful.

In our work on the extensive collections of Pyrosoma, made by
the United States Bureau of Fisheries, we have been led to believe

that no valid distinctions can be made among Atlantic forms of

Pyrosoma, which would show the existence of the two nearly allied

subspecies, atlanticum, and giganteum, generally described. In the

Pacific Ocean, however, ihere is found in comparative abundance a

Pyrosoma which agrees with descriptions of P. atlanticum from the

Pacific Ocean. It may occur in the Atlantic Ocean as well, but we
do not find it among our 43 colonies from the Atlantic Ocean, 42 of

which, collected at 30 stations, belong to the major atlanticum-group,

nor are there published descriptions which indicate the presence in

the Atlantic Ocean of P. atlanticum atlanticum, as we define it. It

seems best to recognize as giganteum the large colonies from the

Atlantic Ocean so often described under that name.

We find, also, in the Atlantic Ocean less specialized forms of

Pyrosoma than the typical giganU wm, which appear to be intermediate

between the Pacific type, P. atlanticum atlanticum, and the genuine

P. atlanticum giganteum. These will occasionally be referred to for

convenience as P. atlanticum, group intermedium, pending the study

of further collections, which may indicate that some of these are

distinct forms which have not reached full development.

The major species under consideration has been most often spoken

of as the typical representative of the genus. It has ordinarily been

described as having a conic-cylindrical colony, beset with truncated

test processes or spines; the zooids irregularly arranged in the test,

and, for the most part, long; with other general data, in no way dis-

tinctive. This brief diagnosis, while accurate enough, serves only to

set off a whole group of Pyrosomas, containing many diverse varieties.

These, while easy to identify if characteristic specimens are at hand,

show such intergradation one with another, and conform so closely

with the fundamental plan for the group, that we are treating them
as varieties or subspecies of a single species which we name P. atlan-

ticum. Taking up, then, the several nearly allied subspecies, we
treat first the form chosen as the species type, probably the same form

Huxley (1851) described as P. atlanticum. The selection of this

form as the species type seems natural, since, during the immature

stages of the growth of the colony, some of the other subspecies
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resemble closely the adult of the typical P. atlanticum atla/nticum,

diverging more and more from this central type as they mature.

PYROSOMA ATLANTICUM ATLANTICUM.

Plates 26 and 27; plate 28, fig. 33; plate 34, figs. 45 and 46; plate 36, fig. 53.

If we examine specimens of P. atlanticum atlanticvm 1 from the

Pacific Ocean, where the form seems to be most characteristically

represented, we find remarkable variation among them in regard to

size, color, and organization. The great range in size displayed here

is in itself significant, when we contrast this with the species verti-

cillatum, hybridum, oyerculatum, and elli/pticum described previously,

which are all small in comparison. The majority of specimens of

P. atlanticum atlanticum in the Albatross Pacific collections do not

exceed 8 cm. in length; the largest is only 12 cm. long.

Bitter (1905) has described as P. giganteum a type of Pyrosoma,
found on the California coast, which agrees in almost all particulars

except size with the one we here describe as P. atlanticum atlanticum.

According to our distinction between these two forms, it would seem
clear that he was dealing with material representing the latter. He
was himself very uncertain about assigning his specimens to either

one of the two species, as they were then treated. If his specimens

were, as it seems, true atlanticum, it may be stated that this form
is known to attain a length of 60 cm., for Ritter's largest specimen
was of this size. He reports also several other exceptional specimens

whose measurements are given as follows (Ritter, 1905): "Measure-
ments of three largest preserved colonies: first, length, 25 cm., great-

est thickness near open end 2.5 cm.; second, length, 25 cm., greatest

thickness, 3.5 cm.; third, length, 19 cm., greatest thickness about
middle of length, 3 cm.; largest colonies observed, measured in life,

60 cm. long, 40 cm. long, and 35 cm. long."

The form of the colony in the majority of specimens is conic-

cylindrical, the open end of the colony being wider than the closed.

There are numerous departures from this shape; some individuals

are less conical, more truly cylindrical, than others; some are thickest

in the middle and taper toward both ends; while in others there is

the suggestion of natural flattening at the open end of the colony.

That this flattening is not entirely due to artificial causes (shrinking

or compression from poor preservation) is evident, for, if the diaphragm

at the opening of the colony is examined, it will be found to be adapted

to the form of the slit-like opening, as was shown for P. ellipticum

(fig. 20, pi. 23). On the other hand, some quite mature colonies

show no such flattening. From the data quoted above from Ritter

it will be seen too that the ratio between length and thickness differs

i According to taxonomic conventions there seems no escape from the absurdity of naming these Pacific

forms atlanticum.
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greatly with individuals. This is apparent in smaller colonies as

well. For example, the dimensions of certain of our specimens are

as follows: Length, 8 cm., thickness at open end, 1.8 cm., at closed

end, 1.1 cm.; length, 7.5 cm., thickness at open end, 1.5 cm., at

closed end. 1.2 cm.; length, 10 cm., thickness at open end, 2.3 cm.,

at closed end, 1.5 cm.; length, 3.1 cm., greatest thickness, at open

end, 0.9 cm.; etc. As already stated, some few individuals are

thickest in the middle, some are almost uniformly cylindrical, but

the majority are distinctly conical, that is, they taper toward the

closed end (fig. 45, pi. 34).

The test is fairly rigid, retaining well the form of the colonial tube

in preserved specimens. It is ordinarily colorless and transparent,

but varies through pale yellowish to a distinct pinkish flesh-color.

The color of the test may perhaps, as Herdman (1888) believes, be

derived from the masses of pigment cells lying on the esophagus,

intestine, and testis of the zooid, though how they influence the color

of the test is not clear. That these pigment cells may be the source

of the test color is suggested by the fact that the colors of the two are

about the same except for intensity, and that in the form giganteum,

as described by Herdman, the inner zone of the test lying above these

pigmented organs is deeper in shade than the outer layers. No
specimens of the subspecies atlanticum have been reported in which

there is any trace of blue or greenish color.

Characteristic of this whole group of forms is the presence of, and

especially the shape of, the test processes (fig. 30, pi. 26). These are

most characteristic as observed in rather young colonies (fig. 53, pi.

36). Here they arise each in connection with a zooid. The process

itself is a broad, obliquely truncated cone, the truncated surface of

which faces slightly toward the closed end of the colony, i. e., in the

same direction as do the ventral sides of the zooids. Upon this trun-

cated area the oral aperture of a zooid is situated so that the mouth
thus appears to open obliquely ventrally (fig. 30). In many younger

zooids of this type form (fig. 32) and occasionally in older zooids of

some of the other subspecies (fig. 36, pi. 29), this truncated area is de-

pressed, forming more or less of a funnel leading to the mouth. In this

particular form (P. atlanticum atlanticum) we have, appearing rather

early, a characteristic denticulation along the lateral edges of the

truncated area of the test process, and at its dorsal tip (figs. 30 and 33).

This character almost serves in itself to distinguish this variety from

the other varieties of the species, for it is of very constant occurrence,

and, if at all well developed, seems to be one of the distinctive, though

minor features indicating this race. In older colonies, test processes

sometimes develop to great length, so that they give to the colony a

bristling, spiny appearance (fig. 45, pi. 34). The oral processes of the

corresponding zooids lengthen themselves proportionately, so that
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they still continue to open near the distal ends of the test processes.

As illustrating the great degree of diversity in this form, we may add
here that, in one of our specimens, almost all of the oral apertures

were situated near the bases of tho elongated spines.

When first formed the zooids are arranged in the test with a sem-
blance of regularity; that is, they lie in obscurely parallel transverse

rows (fig. 53, pi. 36). This appearance is undoubtedly the basis of

Lesueur's distinction between his "P. elegans" and the other two
forms then recognized (P. "atlanticum" and P.

"
'

giganteum") . More
recent students believe that Lesueur was dealing with a young colony

of a form which we would now class as a subspecies of the species

P. atlanticum, probably giganteum, 1 for, in the young stages of this

variety, the zooids show a tendency to arrange themselves in trans-

verse rows. With further growth and budding within the colony,

(2 cm. colonies and larger) new zooids become interspersed between
the old ones; but not all of these arise as do the former, that is, each
zooid in connection with a test process. In this way, in older colonies,

all appearance of regularity in arrangement is lost, and the individuals

of the colony become crowded.

In size the zooids show great diversity. Those in small colonies

(2 cm.) are of about uniform dimensions and shape (fig. 32); these

are from 2.5 mm. to 3 mm. in height (dorso-ventrally), from 4 mm.
to 4.2 mm. long when full sized. With growth, the oral-siphons

become enormously elongated in some of the older zooids (fig. 30),

and the cloacal chambers moderately so (fig. 31). The total length

often amounts to as much as 8 mm. The branchial sac, or basket

maintains a more uniform size, hence may be taken as a better

criterion for comparing the size of the zooids; it is found to range

from 3 mm. to 3.5 mm. in length when fully developed. Ritter, in

describing his specimens, which he called P. giganteum, gives 3 mm.
for the usual length of the branchial sac, and for the total length, in-

cluding both siphons, 5 mm. to 6 mm. The thickness of the test-

wall of the colony averages 4.5 mm., but may be as great as 6 mm. in

large specimens. The characteristic form of the zooid can be studied

to best advantage in the small or medium-sized specimens (6 cm. or

less), for, as the colonies grow larger, the individuals become highly

diversified. Figure 32 shows a zooid from a 1.5 cm. colony, in which

the contour of the body is circular to oblong, the oral and cloacal

chambers forming slight prominences at the ends. This same figure

shows also the usual relation which the zooid bears to the test-

process. Older zooids (fig. 30, from a 9 cm. colony) have the

branchial sac more elongated so as to appear oval or oblong.

The mantle, and consequently the branchial basket, is strongly

1 Of this identification with P. atlanticum giganteum we can not be at all certain, so can not claim the re-

lief such identification would give to the absurd nomenclature.
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EXPLANATION OF PLATES.

Reference letters used on plates and text figures

.

1-8= nerves.

«.=anus.

6.= bud.
b. o.=blood-forming organ.

br. 6.=branchial bars.

br. c.=branchial chamber.

6r. c
/.=prebranchial chamber.

c. a.=colonial aperture.

c./.= ciliated funnel.

cl.= cloaca.

cl. cr.=cloacal aperture.

cl. m.=cloacal muscle.

cl. tn.=cloacal tentacle.

c. m.=circum.-oral muscle.

a\=diaphragm.

d. a. s.=dorsal anterior blood sinus.

d. l.=dorsa\ languet.*

d. I. s.=dorso-lateral blood sinus.

d. p. s.=dorsal posterior blood siitus.

d. s.=dorsal blood sinus.

a7.=duct of neural gland.

c.=endostyle.
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ra.=enteron.

/. c— follicle cell.

£.=ganglion.

gl.=neural gland.

g. s.=posterior gonadial sinus.

/j.=heart.

ira<.=intestine.

I. to.=ventral lateral muscular system.

I. m/.= dorsal lateral muscular system.

/. o.=luminous organ.

I. o /.=cloacal luminous organ.

m. = mouth.

n.=nerve.

n.l-^n.8—nerves.

nc. =nucleus.

n. r.= neural rudiment.

o.=ovary.

orf.=oviduct.

oc.= esophagus.

oc. o.=esophagal aperture.

o/;.=operculum.

oi>.=ovum.

p.=pigment.

p. a.=primary ascidiozooid.

pbr. =peribranchial chamber.

pc. =pericardium.

pc /.=pericardial tube.

pft.=pharynx.

ph. b.=peripharyngeal band of cilia.

ph. s.=peripharyngeal blood sinus.

?'.'/•=pylorus.

r. i\=reniform vesicle.

s.=stolon.

s'.=stolon process.

s. s.= stolon blood sinus.

s£.=stomach.

stg.=stigma.

t.= testis.

t.f. =test fibre.

<n.=tentacle.

t. p.= test process.

t. s.=blood sinus to tunic.

v. a. s.=ventral anterior blood sinus.

vc. s.= visceral sinus.

v. (f.=vas deferens.

v. I. s.=ventro-lateral blood sinus.

v. s.=ventral blood sinus.

//. = yolk.
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Plate 15.

Pyrosoma atlanticum.

Fig.1.—A schematic figure of a zooid, showing internal organization. After

Burghause (1914'.

Plate Iti.

Pyrosoma agassizi.

Fio. 2.—An oral view of the mouth region of a zooid, showing tentacles, sphincter

muscles, lateral muscles, nervous system, peripharyngeal bands and tip of endostyle.

Alter Neumann (1909-1913).

3.—A nearly adult zooid, seen from the left side. X 25.

Plate 17.

Pyrosoma agassizi.

Fi(i. 4.—A posterior view of a nearly adult zooid. X 25.

5.—The nervous system, exclusive of the oral region. After Neumann (1909-1913).

Plate 18.

Pyrosoma agassizi.

Fig. 6.—The open end of a colony. After Ritter and Byxbee (1905).

7.—A young zooid, seen from the left side. X 42.

Plate 19.

Pyrosoma sp inos urn.

Fig. S. Au adult zooid, seen from the left side. X 17.

Plate 20.

Pyrosoma spinosum.

Fig. 9.—A postero-ventral view of the posterior end of an adult zooid. X 21.

10.—-The reniform vesicle and adjacent organs, seen from the left side. X 28.

Plate 21.

Fig. 11.

—

Pyrosoma spinosum: A, an embryo with uusegmented stolon. X 18

B, an embryo with the four primary ascidiozooids appearing as buds upon the stolon

X56.
12.

—

P. verticillatum: An adult zooid, seen from the left side. X 21. After Neu-

mann (1909c).

Plate 22.

Fig. 13.

—

Pyrosoma verticillatum: The oral region of a zooid, showing chiefly the

nervous system. After Neumann (1909-1913).

14.— P. verticillatum cylindricum: Colony. X 2.

15. P. verticillatum cylindricum: An adult zooid, seen from the left side. X 21.

Plate 23.

Fir,. Id.

—

Pyrosoma hybridum: Colony. X 2.

17.

—

P. hybridum: An adult zooid, seen from the left side. X 21.

18.

—

P. ellipticum: An adult zooid seen from the left side. X 21.

19.

—

P. elliptic a m: Colony. Natural size.

20.

—

P. ellipticum: The same colony as that shown in figure 19, seen from the open

end. Natural size.
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Plate 24.

Fig. 21.

—

Pyrosoma operculatum: Colony, f natural size. After Neumann (1908).

22.—P. operculatum: A nearly adult zooid, seen from the left side. X13. After

Neumann (1908).

23.—P. operculatum: The end of the cloacal siphon, showing the opercular fold

partly closed. X15. After Neumann (1908).

24.—P. aherniosum: An adult zooid, seen from the right side. X25. After

Seeliger (1895).

25.—P. aherniosum: The viscera of a young zooid (testis immature), seen from

the left side. X52. After Seeliger (1895).

Plate 25.

Pyrosoma ovation.

Fig. 26.—The oral end of an adult zooid of the elongated sort, seen from the left

side. After Neumann (1913 b).

27.—An adult zooid of the shorter sort, seen from the left side. XH. Modified

from Neumann (1909 b).

28.—A sagittal section through the distal end of the oral siphon of a zooid of the

elongated sort. Xll. After Neumann (1909 b).

29.—A somewhat ventral view of the distal end of an oral siphon of a zooid of the

elongated sort. X24. After Neumann (1913 b).

Plate 26.

Pyrosoma atlanticum atlanticum.

Fig. 30.—An adult zooid, seen from the left side. X21.

Plate 27.

Pyrosoma atlanticum atlanticum.

Fig. 31.—The posterior end of an immature zooid, from a large colony, seen from

the left side. X32.
32.—A young zooid from a small colony, seen from the left side. This was the

most nearly mature zooid in the colony. X21.

Plate 28.

Fig. 33.

—

Pyrosoma atlanticum atlanticum: An outline drawing of a ventral view

of an oral process of an adult zooid.

34.—P. atlanticum hawaiiense: A nearly adult zooid, seen from the left side. X15.

Plate 29.

Fig. 35.—P. atlanticum paradoxum: An adult zooid, seen from the left side. X21.
36.—P. atlanticum triangulum: An adult zooid, seen from the left side. X about

11. After Neumann (1909 a).

Plate 30.

Pyrosoma atlanticum giganteum.

Fig. 37.—An adult zooid from a large colony, seen from the left side. X19.

Plate 31.

Pyrosoma atlanticum echinatum.

Fig. 38.—A mature zooid of the sort without an elongated oral siphon. X21.
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Plate 32.

Pyrosoma atlanticum, form dipleurosoma.

Fig. 39.—A colony, seen from the flattened face. X§. After Brooks (1906).

40.—An edge view of a colony. Xf. After Brooks (1906).

41.—The open end of a colony. Xf. After Brooks (1906).

Plate 33.

Fig. 42.

—

Pyrosoma agassizi: An unretouched photograph of a colony. Xl£.

43.

—

P. verticillatum cylindricum: An unretouched photograph of a colony. X2.
44.

—

P. ellipticum: An unretouched photograph of a colony. Xl£.

Plate 34.

Fig. 45.

—

Pyrosoma atlanticum atlanticum: An unretouched photograph of a colony.

About natural size.

46.—An unretouched photograph of the open end of the colony shown in figure 45.

Slightly enlarged.

47.

—

P. atlanticum, form dipleurosoma: An unretouched photograph of a twisted

colony, partly in edge view, partly in face view. About natural size.

Plate 35.

Fig. 48.

—

Pyrosoma atlanticum echinalum: An unretouched photograph of a colony.

About natural size.

49.

—

P. atlanticum hawaiiense: An unretouched photograph of a colony. About

natural size.

Plate 36.

Figs. 50-53.

—

Pyrosoma atlanticum, subspecies doubtful, figure 53 shows a form

resembling the type of the species: Retouched photographs of young colonies. The

open ends of the colonies are toward the top of the plate except in figure 51, which is

a view of the closed end of the same colony that is shown in figure 50. X about li.

54.

—

P. hybridum, a retouched photograph, showing the flattened face of the colony

XI*.
55.—A retouched photograph, in edge view, of the same colony as that shown in

figure 54. Xli-

Tnis manuscript was completed for the United States Bureau of

Fisheries on July 10, 1915, and received for publication by the United

Stales National Museum on February 21, 1917.
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Pyrosoma atlanticum.

For explanation of plate see page 270.
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Figr-6-

ft* 7.

Pyrosoma agassizi.

For explanation of platf. see page 270.
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PYROSOMA SPINOSUM.

FOR EXPLANATION OF PLATE SFE PAGE 270.
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Fiq./O

Fig. 9.

Pyrosoma spinosum.

For explanation of plate see page 270
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Fy./2.

y

FlpMA. fty/AB.

Pyrosoma spinosum (Figs. II, A and B> and P. verticillatum (Fig. 12).

For explanation of plate see page 270.





U. S. NATIONAL MUSEUM BULLETIN 100, VOL. 2. PART 3 PL. 22

Pyrosoma verticillatum 'Fig. 13) and Its Subspecies cylindricum (Figs. 14, 15

For explanation o^plate see paoe 270.
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777.

Pyrosoma hybridum (Figs. 16, 17) and P. ellipticum iFigs. l8-20>.

For explanation of plate see paoe 270.
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oea.

Flo. 22.n3.24.
tl9-

Pyrosoma operculatum i Figs. 21 23> and P. aherniosum (Figs. 24 and 25).

FOR EXPLANATION OF PLATE SEE PAGE 271.
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rj.26.

Fi^.27

Fy.28.

r, +*

rcg.23.

P' kflX&jS&'&vi)

Pyrosoma ovatum.

For explanation of plate see page 271.
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Fia JO.lf
Pyrosoma ATLANTICUM ATLANTICUM.

For explanation of plate see paoe 271.
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777.

Pyrosoma atlanticum atlanticum (FIG. 33' AND P. ATLANTICUM hawaiiense
(Fig. 34).

For explanation of plate see paoe 271.
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PYROSOMA ATLANTICUM GIGANTEUM

For explanation of plate see page 27

1





U. S. NATIONAL MUSEUM BULLETIN 100, VOL. 2, PART 3 PL. 31

PYROSOMA ATLANTICUM ECHINATUM.

FOR EXPLANATION OF PLATE SEE PAGE 27 1.
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Fcy40

«*

fly. 39

Pyrosoma atlanticum, form dipleurosoma.

For explanation of plate see page 272.
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Fig. 42

Fig. 43

PYROSOMA AGASSIZI (FIG. 42); P. VERTICILLATUM CYLINDRICUM (FIG. 43); P. ELLIPTICUM (FIG. 44).

For explanation of plate see page 272.
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Fig. 45 Fig. 46 Fig. 47

PYROSOMA ATLANTICUM ATLANTICUM (FIGS. 45 AND 46); P. ATLANTICUM FORM DIPLEUROSOMA (FIG. 47).

For explanation of plate see page 272.
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Fig. 4S Fig. 49

PYROSOMA ATLANTICUM ECHINATUM (FIG. 48); P. ATLANTICUM HAWAIIENSE (FIG. 49).

For explanation of plate see page 272.
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Fig 50

Fiq 53
Fig. 51

Fig. 52

Fig 55

PYROSOMA ATLANTICUM, SUBSPECIES DOUBTFUL (FIGS. 50 AND 52); P. ATLANTICUM ATLANTICUM
(FIG. 53); P. HYBRIDUM (FIGS. 54 AND 55).

For explanation of plate see page 272.




