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Class SCYPHOMEDUSAE.

Order CORONATA.
Family PERIPHYLLIDAE Haeckel, 1880.

Genus PERIPHYLLA Steenstrup, 1837.

For accounts of the anatomy and histology of this genus, see

Haeckel (1881), Maas (1897, 1903, 19046), and Vanlioffen (1902a).

The present collection contains a large and excellently preserved

series of typical P. liyacinthina, ranging from very young, in which
the gonads have not appeared, to an example 70 mm. in diameter,

thus affording a good opportunity to trace the development of the

endodermic pigment. This is of interest because this character is

used by Maas (1904&) and by Vanhoffen (1902a) to separsitehyadnthina

from dodecabostrycha, the former, according to their diagnoses, being

so densely pigmented over the entire subumbrella that the gonads are

invisible from without, the latter having the pigment limited to the

gastric cavity and upper part of the subumbrella, allowing the gonads

to show through. In my account of the eastern Pacific medusae
(1909a) I gave a survey of the published evidence on this question,

and pointed out that the specimens so far described with the dodeca-

bostrycha pigmentation were all rather small ; but this statement needs

correction because Vanhoffen has called my attention to the fact

that I overlooked a dodecabostrycha 56 mm. broad described by him,

and which, as he writes me, had no trace of pigment in the ring-sinus.

It appears from this that the dodecabostrycha condition is not neces-

sarily transitory, though the present series shows that specimens

which assume the hyacinthina pigmentation when adult pass through

a dodecabostrycha stage. And it also shows that in the adult there

is a good deal of variation in the density of the pigmentation of the

peripheral regions. This suggests, of course, that there is no sharp

line between hyacinthina and dodecabostrycha; that if the two are

distinguishable at all they are at most varieties of one species. But
to settle the relationship of the two will require more data than is

available at present. We need, especially, series of growth stages of

the dodecabostrycha type, and large series of the adults of both, to

show whether or not intermediates occur. Without this information

further speculation can not lead to any definite result.

The status of P. regina is also unsettled. Like hyacinthina it is

so densely pigmented that the gonads are concealed; and it is sepa-

rated from that species only by large size and perhaps by a brighter

red color. I have not been able to study any good material of this

form, so do not feel qualified to express a definite opinion.
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PERIPHYLLA HYACINTHINA Steenstrup.

Periphylla hyacinthina Steenstrup, 1837.

(For full synonymy, see Bigelow, 1909a, p. 26, and Mayer, 1910, p. 544.)

Station 4758, 300-0 fathoms, south of Alaska Peninsula; 2 speci-

mens.

Station 4759, 300-0 fathoms, south of Alaska Peninsula; 3 speci-

mens.

Station 4760, 300-0 fathoms, south of Alaska Peninsula; 2 speci-

mens.

Station 4761, 1973-0 fathoms, south of Alaska Peninsula; 1 speci-

men.

Station 4765, 1217-0 fathoms; 1 specimen.

Station 4766, 300-0 fathoms, Bering Sea; 4 specimens.

Station 4767, 300-0 fathoms, Bering Sea; 4 specimens.

Station 4773, 334-0 fathoms, Bering Sea; 3 specimens.

Station 4774, 557-0 fathoms, Bering Sea; 2 specimens.

Station 4775, 585-0 fathoms, Bering Sea; 3 specimens.

Station 4781, 482-0 fathoms, Bering Sea; 1 specimen.

Station 4785, 300-0 fathoms, Bering Sea; 7 specimens.

Station 4793, 300-0 fathoms, off Kamchatka; 2 specimens.

Station 4797, 300-0 fathoms. Sea of Okhotsk; 2 specimens.

Station 4928, 1008-0 fathoms, Japanese waters; 1 specimen.

Station 4951, 703-0 fathoms, Japanese waters; 1 specimen.

Station 4956, 720-0 fathoms, Japanese waters; 1 specimen.

Station 4958, 405-0 fathoms, Japanese waters; 1 specimen.

Station 5063, 300-0 fathoms, Japanese waters; 1 specimen.

Also

—

Station 3070, 685-0 fathoms, off the coast of Oregon ; 3 specimens.

Station 3222, 50-0 fathoms, Bering Sea; 1 specimen.

Out of the total of 46 specimens, 29, illustrating the whole range

of development from 10 to 70 mm. in diameter, are in beautiful con-

dition; the remainder may be described as fair.

From the systematic standpoint the most important thing illus-

trated by this series is the extension of the entodermal pigmentation

with growth. In the specimens up to about 15 mm. in diameter the

pigment is entirely restricted to the stomach, as in the young speci-

mens from the eastern Pacific. The gonads are first visible in a

specimen of about 10 mm; and in the examples of 12-15 mm., the}^

are of considerable size; so these specimens, if captured alone, would

probably liave been recorded as dodecahostrycha. As growth pro-

ceeds, the pigmentation extends from the stomach out over the sub-

umbrella. The beginning of the process is to be seen in a speci-

men of 16 mm., and in those of 20 mm. the pigment is fairly dense as

far as the proximal ends of the gonads in the radii of these organs,

while between them it reaches to about the middle of their length,

corresponding to the comer of the stomach.
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111 a slightly older specimen, 23 mm. in diameter, the ring sinus,

lappet canals, and the surface of the gonads themselves are faintly

reddish; in other words, the pigmentation has now attained prac-

tically its final extent, though in the distal regions it is still so faint

that the gonads are visible from without.

Though all the large specimens are so heavily and extensively pig-

mented that their identity, as Jiyadnthina, is at once apparent, it is

not correct to say that the gonads are always rendered invisible from

without by the pigment. This may be the case; for example, in two

perfect specimens about 25 and 45 mm. in diameter they are entirely

hidden. But in another of 40 mm. in equally good condition the

gonads show plainly from without, the pigment in this case being

less dense, though equally extensive. Again, in a much smaller

specimen (27 mm.), they are entirely hidden; in one of 36 mm.
their distal ends plainly visible, though the pigment has attained

its final extent. These irregularities show that there is considerable

indi\'idual variation in the density of the pigment, though in all large

specimens it extends over the ring sinus and peripheral canal system.

General form, another character which has been supposed to

separate liyacinthina from dodecahostrycha, but in which, as I have

pointed out (1909a), no sharp division line can be drawn, likewise

shows much individual variation. The very small specimens are all

low and broad, the medium-sized ones proportfonately higher, usually

vAih the pointed outlines, with pronounced "stiel canal. " But there

is much variation, the extremes being a specimen 40 mm. in diameter

and 50 mm. high; that is, with proportions in terms of the diameter,

of 1.25 : 1, and one 40 mm. high and 40 mm. in diameter. None of

these specimens are proportionately so high as some previously

recorded; for example, Vanhoffen mentions examples of 1.9 : 1, and

1.7 : 1 (Bigelow, 1909a, p. 25).

The form of the upper part of the gastric cavity, whether rounded

or conical, seems to be largely a question of contraction. In the best

specimens, which, to judge from their condition, must have been alive

when put into the preservative, it is of the latter, in the more

damaged ones, of the former type. And Jiyadnthina with low,

rounded stomach has already been recorded (1909a; Vanhoffen,

1902a).
Family NAUSITHOIDAE Bigelow.

Family EPHYROPSIDAE » Claus.

Genus NAUSITHOE Kolliker, 1853.
NAUSITHOfi PUNCTATA Kolliker.

Nausithoe punctata Kolliker, 1853a, p. 323.

(For synonymy, see Bigelow, 1909a, p. 35; Mayer, 1910, p. 554.)

Station 4927, surface; 2 specimens, 12 mm. in diameter.

1 Untenable, because Ephyropsis Claus is a synonym of Nausithoe Kolliker.
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Family ATOLLIDAE Bigelow.

Family COLLASPIDAE » Haeckel.

Genus ATOLLA Haeckel, 1880.

The general anatomy of this peculiar genus is now well known,

thanks to Maas (1897, 1903, 1904&) and Vanhoffen (1902a); but the

specific relationships of its members are still unsettled, because the

characters which have been used to separate the various closely

allied "species," are all more or less subject to individual variation.

The characters used by Vanhoffen to separate species are the

presence or absence of radiai furrows in the central disk; whether

the furrows, if present, are broad or narrow; the presence or absence

of exumbral warts; and the size of the septal nodes. But I have

found that it is impossible to draw any sharp line between specimens

with broad and those with narrow radial furrows;, and the present

series shows that the size of the septal nodes is so variable that it

can not be a specific character. There remain then only the presence

or absence of radial furrows, and of exumbral knobs. Mayer notes

that the former is not a sharp difference, because there may be faint

sinuosities on the margin of the central disk, without any true radial

furrows; so that he suggests that the two forms, wyvillei with fur-

rows and hairdii with' a smooth disk may be merely varieties of a

single species.

Vanhoffen recognized five species, hairdii, valdiviae, verriUii, chuni,

and wyvillei; but Mayer reduces these to three, hairdii with smooth

disk, wyvillei with radial furrows, and chuni, in which the lappets are

sprinkled with exumbral papillae; a reduction which seems war-

ranted. Chuni has now been recorded by Browne (1910) from the

Antarctic, and Hartlaub (1909a) has recently described another

species, A. tenilla from the Greenland Sea; but this is probably the

young either of hairdii or of wyviUei.

ATOLLA WYVILLEI Haeckel.

Atolla wyvillei Haeckel, 1880, p. 488; 1881, p. 113, pi. 29, fig. 1-9.—Vanhoffen,

1902a, p. 13, pi. 5, fig. 22.—Bigelow, 1909a, p. 39, pi, 8, fig. 1; pi. 9,

fig. 3; pi. 10, figs. 8, 9.

Collaspis achilis Haeckel, 1880, p. 489.

Atolla alexandri Maas, 1897, p. 81, pi. 11, fig. 2; pi. 14, fig. 4, 5.

(For full synonymy see Mayer, 1910, p. 566.)

Station 4758, 300-0 fathoms; 1 specimen.

Station 4759, 300-0 fathoms; 2 specimens.

Station 4760, 300-0 fathoms; 3 specimens.

Station 4764, 1130-0 fathoms; 1 specimen.

Station 4765, 300-0 fathoms; 1 specimen.

1 Untenable, because Collasjria is a synonym of AtoUa.
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Station 4766, 300-0 fathoms; 7 specimens.

Station 4767, 300-0 fathoms; 4 specimens.

Station 4773, 300-0 fathoms; 2 specimens.

Station 4780, 1046-0 fathoms; 1 specimen.

Station 4917, 361-0 fathoms; 1 specimen.

Station 5058, 300-0 fathoms; 3 specimens.

Station 5063, 300-0 fathoms; 2 specimens.

Station 5064, 300-0 fathoms; 3 specimens.

Station 5079, 300-0 fathoms- 1 specimen.

Also

—

Station 3009, Gulf of California, 857-0 fathoms; 2 specimens.

Station 3070, off the coast of Oregon; 636-0 fathoms; 1 specimen.

Station 3071, off the coast of Oregon, 685-0 fathoms; 2 specimens.

These specimens are aU in such good condition that it is easy to

see that they belong to wyvillei; but 22 damaged AtoUas, taken at

stations 4767, 4774, 4906, 4907, 4908, 4909, 4917, 4919, 4957, 5063,

in the trawl, show no furrows clearly; though judging from their

general condition it is probable that the absence is due to rubbing in

the net.

Several of the undoubted wyvillei are in beautiful condition.

In the eastern Pacific specimens there was considerable variation

in the breadth of the furrows, wliich were usually broad in large,

narrow in small, specimens. And in a general way the same is true

of the present series. But the furrows vary so much in the large

specimens, and ever in a given specimen, that no sharp line can be

drawn between specimens in which they are broad and those in which

they are narrow.

The size of the septal nodes has been used as the chief distinguishing

character between vaMiviae and hairdii (Vanhoffen, 1902a); and it is

therefore interestiag that these organs vary in size and proportions

in the present series. Thus in a specimen 70 mm. in diameter the

nodes are 9 mm. long and 5 mm. broad, while in another of about

the same size (71 mm.), they are 12 mm. long by 3 mm. broad; that

is, proportionately only about half as broad in the latter as in the

former. In other examples intermediates are to be seen. In vaMiviae,

according to Vanhoffen's figure (1902a, pi. 6, fig. 41), the septal nodes

are about two-thirds as broad as long; that is, only slightly broader

than in our 70 mm. specimen.

A now character was described for hairdiihy Maas (1904&), namely,

the occurrence of septal regions subdividing the tentacular canals,

and in many of our specimens there are clear oval regions in the

tentacular canals which look like septa. But it is easy to demonstrate

that there is no discontinuity in the cavity; and the copepods which

are so often seen in the canals are as apt to lie in these false septa
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as anywhere else. The true explanation of these clear spaces is

afforded by the fact that the dense entodermal pigmentation of

the aboral surfaces of the canal walls is lacking in the clear spaces.

When the pigmented ectoderm of the subumbrella is rubbed off the

spaces are noticeable; and this has happened more or less in most

of the specimens, even when they are otherwise in oxceUent condition.

There is one specimen in which the subumbrella pigment is intact,

and in this one the false septa are only very faintly visible.

The general structure of the peripheral canal system has been

described by Vanhoffen (1902a) for valdiviae, hy Mnhs (19046) for

hairdii and by me (1909a) for wyvillei.

Order DISCOPHORA.

Suborder SAEMAEOSTOMATA.

Family PELAGIDAE Gegenbaur. 1856.

Genus PELAGIA Peron and Lesueur.

The revision of this genus would be of great value to the zoogeog-

rapher as well as to students of pelagic coelenterates ; but it must
be postponed until some one has access to large series from all oceans.

For the present, the chief duty of any one who can examine a small

series of Pelagias is to give the details of the two characters which,

according to Maas (1903) and Mayer (1910) separate the ''species,"

i. e., proportions of manubrium and mouth arms, and form of the

exumbral nettle knobs.

The specimens in the collection agree very well with the eastern

Pacific examples, with the Siboga material described by Maas (1903),

with the Valdivia collection which Vanhoffen described as P. pJiosphora,

and with specimens from the Hawaiian Islands, the Philippines, and

from Australia. I have given elsewhere (1909a) the reasons for the

choice of the name panopyra Peron and Lesueur for this form.

PELAGIA PANOPYRA (P6ron and Lesueur).

Medusa panopyra P^ron and Lesueur, 1807, pi. 31, fig. 2.

(For synonymy, see Bigelow, 1909a, p. 43.)

Station 4910, surface; 1 specimen.

Station 4920, surface; 7 specimens.

Station 4921, surface; about 15 specimens.

Station 4926, 165 fathoms; 1 specimen.

Station 4932, surface; 25 specimens.

Station 4950, surface; 1 specimen.

Station 4952, surface; 15 specimens.

Station 4954, 850-0 fathoms; 3 specimens.
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Station 4970, 300-0 fathoms; 4 specimens.

Station 5079, surface; 7 specimens.

Station 5081, surface; 1 specimen.

The localities are all in Japanese waters with surface temperatures

of 75°-86° F.

Measurements of 10 specimens, 21-60 mm. in diameter, are:

Diameter.
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large ridge-like knobs are characteristic of advanced stages in growth,

which would explain their predominance in the large Mediterranean

examples.

Color.—In the large specimens, as in those from the eastern Pacific

(1909a), gonads, tentacles, subumbrella, and the four perradial

ridges of the mouth arms are pink-violet, varying in strength in

different specimens. Some are almost colorless, but these are poorly

preserved. The small ones are colorless except that the manubrium
and gonads are pinkish, or, in some, pale yellowish.

Mayer separates P. Jlaveola Esclischoltz (including P. tahitiana

Agassiz and Mayer) on account of its yellow color, but Vanlioffen

(1902a) found that color changes with growth from yellowish to violet.

Genus SANDERIA Gotte.

SANDERIA MALAYENSIS Gbtte.

Sanderia malayensis Gotte, 1886, p. 835.

—

Vanhoffen, 1902a, p. 38, pi. 3, fig. 12;

pi. 8, fig. '69-74.—Mayer, 1910, p. 590, fig. 375.

Neopelagia eximia Ejshinouye, 1910, p. 14, pi. 3, fig. 15.

Station 4841, surface, Sea of Japan; 1 specimen.

Station 4845, surface, Sea of Japan; 1 specimen.

Station 4921, surface, off Kagoshima Bay, Japan; 1 specimen.

The temperatures at these stations range from 76° to 84°.

The specimens range from 40 mm. to about 70 mm. in diameter.

Such good accounts of S. malayensis have been given by Van-
hoffen (1902a) and Mayer (1910) that it is not necessary to describe

it in detail here. The large specimen agrees with Vanhoffen's excel-

lent figures of the species, except that the gonads are more advanced,

and the smaller ones differ from it only in the more primitive state

of development of the gonads and tentacles.

Genus CHRYSAORA Peron and Lesueur.

The collection contains a single large CJirysaora which is probably

the C. melanaster of Brandt, but it has lost its mouth parts and most
of the margin, besides being otherwise so badly damaged that its

identity is not certain.

? CHRYSAORA MELANASTER Brandt.

Chrysaora melanaster Brandt, 1838, p. 385, pi. 16, 17.

(For synonymy, see Mayer, 1910, p. 582.)

Station 4781, 300-0 fathoms; 1 fragmentary specimen, 130 mm. in

diameter.

Genus DACTYLOMETRA L. Agassiz.

This genus has usually been defined as having five tentacles to the

octant (as for example, by Vanhoffen, 1902a, Maas, 1909, Mayer, 1910,
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p. 583), but Mayer (1910) has already pointed out that the number
of tentacles to the octant in the type species lactea L. Agassiz may
be more than five, and in a considerable number of lactea, and as the

following table shows, it is the rule, not the exception, to find more

than five tentacles to the octant.

Dactylometra lactea, Santiago, Cuba.

Diameter,
mm.
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DACTYLOMETRA PACIFICA Gotte.

Dactylometra quinquecirrha, var. pacijica Gotte, 1886, p. 834.

Daclylovietra ferruginaster Kishinouye, 1892, p. 264, pi. 3.—Mayer, 1910, p. 588.

Dactylometra longicirrha Kishinouye, 1892, p. 261, pi. 2.

Kuragea depressa Kishinouye, 1902, p. 9, pi. 1, fig. 7.

Dactylometra pacijica, y&r . ferruginaster Maas, 1909, p. 44, pi. 2, fig. 14.

Tsuruga Gulf, Japan, surface, July 23; six specimens, 38-81 mm.
in diameter; in good condition.

The smallest specimen has 4, 4, 5, 5, 5, 5, 3, and 4 tentacles in the

eight octants; all others have five in each octant; the central are

often, but not always, the largest, the two on either side slightly

smaller, i. e., younger. In Maas's specimens (40 and 90 mm.) the

lappets next the rhopalar lappets were the smallest (Maas, 1909,

pi. 2, fig. 14); and this is true of our smallest specimen. But in the

large ones the tentacular lappets are all about the same size, though

distinctly smaller than the rhopalar lappets.

The rhopalia resemble those of quinquecirrha so closely that I can

find nothing to separate them.

Color.—In the largest specimen the reddish-brown exumbral star,

which suggested the nsune ferruginaster, is faintly visible; the others

have lost their color in the preservative.

Family CYANEIDAE L. Agassiz, 1862.

Genus CYANEA Peron and Lesueur, 1809.

At present it seems impossible to distinguish more than one species

in this genus, for although several forms have been described which

are so unlike, especially in color, as to be recognizable at a glance,

they are all connected by intermediates. A revision of the Cyaneas,

with a study of their exact geographic ranges is much to be desired

;

but to be of value it wUl require a much larger series of well-preserved

material than I have at my command. Mayer (1910, p. 597) has

given an excellent synopsis of the various varieties.

The present collection contains two forms ; one from the Bering

Sea, apparently identical with C. ferruginea of Eschscholtz; probably

also with the C. postelsii of Brandt. Comparison between it and a

"lamarckii" from the North Sea and an "ardica" from New England,

shows that it agrees with the former, and with the figures of "capil-

lata" (VsLuhofien), in the size and shape of the rhopalar lappets, with

the latter in yellowish color, and in the arrangement of the lappet

canals.

It is so doubtful whether there is anything to distinguish the var.

"ferruginea" from capiUata that the specimens are referred to the

latter.

The second form, from southern Japan, is undoubtedly the C. nozalcii

of Kishinouye (1891). It is distinguished by the entire lack of color,
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by the fact that the rhopalar lappets are scarcely marked off, by the

structure of the rhopalia, and by the structure of the circular muscu-

lature of the subumbrella, which is separated into 16 blocks by
broad gelatinous ridges, a condition different from that in capillata,

arctica, and lamarcJcii, where the 16 muscular trapezia are separated

from one another by very narrow gaps, if at all. But the two ex-

tremes are not discontinuous, for in specimens from Puget Sound
and from Sakhalin Island the outer part of the circular musculature

is broken by 16 gaps of medium breadth, though the inner part is

continuous all around its circumference.

CYANEA CAPILLATA, var. CAPILLATA (Linnaeus) Eschscholtz.

Plate 4, figs. 8, 9.

Medusa capillata Linnaeus, 1758, vol. 1, p. 660.

(For synonymy and synopsis of varieties, see Mayer, 1910, pp. 596, 597.)

Dutch Harbor, May 26, surface; 3 medium-sized specimens, 75,

120, 170 mm. in diameter; 7 small ones, 22-40 mm.
Station 5005, surface; 1 specimen, 70 mm.; disk only.

Station 5024, surface; 1 specimen, 160 mm.

CYANEA CAPILLATA. var. NOZAEn Eishinouye.

Plate 4, figs. 5-7.

Cyanea nozakii Kishinouye, 1891, p. 1, pi. 1.

Kobe, Japan, August 24, surface; 1 specimen of about 150 mm.;
in excellent condition.

This specimen is particularly interesting, as showing how much
nozakii differs from cajnllata in its extreme type. As pointed out

above, the characters of importance in this respect are the form of the

marginal lappets, the structure of the musculature and the color.

The interrhopalar notches are not so deep as the rhopalar, and the

margin follows an uninterrupted curve, between the two, so that

there are no distinct rhopalar lappets.

The subumbrella musculature consists of series of radial and cir-

cular bands (pi. 4, fig. 5), the latter broken into 16 groups separated

by broad, rounded gelatinous ridges, the interrhopalar groups being

about twice as long as the rhopalar. And they differ from those of

capillata not only in this respect but also in the fact that the indi-

vidual muscle bands are fewer in number (only 9-10 in each group
instead of 15-20), and much stouter.

The rhopalia, likewise, separate nozakii (pi. 4, fig. 6) from cajnUata

(pi. 4, fig, 9), for in the former they lack the rounded prominences

on the subumbral side near the base, which are prominent features

in the latter.

The specimen is colorless.
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CYANEA, variety?

Station 5008, near Sakhalin Island, surface; 1 fragmentary speci-

men, 140 mm. in diameter.

This specimen has lost part of the margin, and all the tentacles and

mouth-arms, but what remains shows that it was almost exactly

intermediate between var. capillata and var. nozakii. The sense organs

agree with those of the latter; the rhopalar lappets are marked

off by very shallow notches, that is, they are intermediate, and the

circular musculature is especially instructive, as the 9 or 10 outer

bands are separated into 16 groups by broad spaces, while the 4

or 5 inner ones are unbroken, and it is interesting that it is inter-

mediate in geographic occurrence, as well as anatomically.

Family AURELIIDAE L. Agassiz, 1862.

Family ULMARIDAE i Haeckel (1879).

Genus PARUMBROSA Kishinouye, 1910.

Aureliidae with 8 sense organs; with 24 tentacles; with blind

canals extending from the ring canal outward into the marginal

lappets.

Parumbrosa is closely allied to Discomedusa and Undosa; but it

differs from the type species of both of these in the occurrence of

blind branches from the ring canal into the marginal lappets, such as

are present in PTiacello'phora. Mayer (1910) does not consider tliis

character of generic importance, but separates Parumhrosa from

Discomedusa solely on the ground that there are twice as many mar-

ginal lappets, i. e., two instead of one, between every two marginal

organs (that is, tentacles or rhopalia). In the present case it seems

clear that the number of lappets has less phylogenetic meaning than

the presence of canals, because, as Mayer himself points out, the two

lappets between every two tentacles of Parumhrosa polylohafa are

merely the result of the fission of single lappets.

The features separating Parumbrosa iiliili'p'pina Mayer from P,

folylohata are that m the former there is only one lappet between

every two canals, and that the branching and anastomosis of the

per- and interradial canals is rather more complex than Kishinouye

(1910) represents it for the latter.

PARUMBROSA POLYLOBATA Kishinouye.

Parumhrosa polylobata Kishinouye, 1910, p. 19, pi. 4, fig. 20-23.

Station 4898, 207-0 fathoms; 1 specimen, 65 mm. in diameter.

Station 4899, 207-0 fathoms; 1 specimen, 110 mm. m diameter, and

fragments of another.

Both of these stations are off the Goto Islands.

The specimens have both lost most of their mouth parts and are

otherwise damaged, but fortunately they still show the canal system,

» Untenable, because Ulmaris Haeckel is a synonym ol Discomedusa Claua-
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the marginal lappets, tentacles and rhopalia, and the gonads, so

clearly that there is no doubt of their identity with P. polylohata.

Kishinouye (1910) has given a good account of the species (summa-
rized by Mayer, 1910).

In our smaller specimen the canal system is in about the same
stage as in Kishinouye's figure, except that one of the adradial canals

anastomoses near its distal end with the perradial on one side, the

other adradials being unbranched. But in the large one the branch-

ing and anastomosis of the per- and interradials is considerably

more complex than he shows it, though less so than it is in philippina

CNIayer, 1910). No two octants, however, are exactly alike. In

this specimen all of the adradials anastomose more or less with

the neighboring per- and interradials near their outer ends, though

the exact conditions vary from octant to octant, just as in Dis-

comedusa lobata Claus. The margin, with its narrow lanceolate lap-

pets, agrees very well with Kishinouye's figure, except that he does

not show the eight otocysts, though their positions are indicated.

Kishinouye's specimens were taken in Toyama Bay, and according

to the local fishermen it is never found on the surface.

Genus PHACELLOPHORA Brandt, 1838.

An excellent account of the general structure of this genus has

been given by Mayer (1910), but it is so far loiown from so few

specimens that it is difficult to decide how much importance should

be attached to the supposed distinctions between its four members,
camtschatica Brandt, ambigua Brandt, ornata Verrill, and sicula

Haeckel. The only tangible differences between them are afforded by
the degree of scalloping or subdivision of the marginal lappets, for

although a considerable range has been recorded for the number of

tentacles and canals, this is subject to individual variation, as well

as to progressive changes with growth.

In P. camtschatica, which is necessarily the type species of the

genus, each of the tentacular lappets is cleft into seven, and the

sense organ is apparently covered by a large projecting scale, flanked

on either hand b}'^ a narrow lappet, the three together making a tri-

dentate organ. In ambigua each tentacular lappet is divided into

two, while each sense organ lies at the bottom of a deep cleft flanked

on either hand by a rounded rhopalar lappet. In the Mediterra-

nean P. sicula the rhopalar lappets are rounded and separated by
notches from the tentacular lappets, which are entire (Mayer, 1910,

p. 614, fig. 392), Just what the condition is in the specimens of P.

ornata collected at Eastport by Verrill (1869) and afterwards by
Fewkes (1888) is not clear, for while Mayer (1910) represents each of

the tentacular lobes of one of the former as subdivided by deep
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notches into two or three, in Fewkes's figures the tentacular lobe is

merely slightly undulating in outline, his characterization of the

lobes as "indented, incised, or scalloped," evidently referring to the

notches separatmg the rhopalar lappets from the tentacular. As

Fewkes's figures were drawn from hfe, and are evidently carefully

made, and not at all diagrammatic, and as Verrill's specimen had been

in alcohol upward of 20 years when Mayer examined it, it is likely

that Fewkes's representation more clearly represents the normal

concUtion.

Within recent years the genus has been recorded from the Soutli

Atlantic by Browne (1908) as ornata and from Japan and the Kurile

Islands by Kishinouye (1910) as sicula. In Browne's specimen the

tentacular lobes were not subdivided, but merely somewhat wa\^ in

outline, and so are the specimens in the present collection. In Kish-

inouye's material they were entire. To summarize, then, specimens

with entire or slightly wavy lappets—that is, all the recently described

specimens of the genus—are known from the Mediterranean, the Bay
of Fundy, the South Atlantic, Japan, the Kurile Islands, while the

present collection contains two of this type from Bering Sea. Pha-

ceUophoras are also recorded from the west coast of the United States

by A. Agassiz (1865) and Fewkes (1889), but without details as to

their margins.

There seems to be nothing whatever to separate Browne's and

Kishinouye's specimens specifically from the Mediterranean sicula,

and I believe that the same is true of the Eastport form, ornata, for

though Mayer's figure (1910) shows the mouth arms SiS Aurelia-like,

he says in his characterization of the species that they are like those

of duhia—that is, Cyanea-\ike—while in Fewkes's figure from life

they are large, curtain-like, just as in sicula. The differences in the

number of canals in the various recorded specimens also suggest

nothing more than geographic varieties, if that. My own studies

show that a little rough treatment is all that is needed to make the

lappets split, for the gelatinous substance is very thin at the margin,

and when this happens it might easily be mistaken for the normal

condition, which suggests that no line can be drawn between Pha-

cellophoras with entire and those with subdivided tentacular lobes.

There is nothing to show that ambigua, sicula and ornata are not

all one species. The case of camtschatica is not clear, because its

marginal sculpture is so peculiar,

PHACELLOPHORA AMBIGUA (Brandt).

Plate 4, fig. 10; plate 5, fig. 5.

Haccaedecomma ambiguum Brandt, 1838, p. 380, pis. 27, 28.—A. Agassiz, 1865,

p. 43.

CalUnema ornata Verrill, 1869, p. 117.—Fewkes, 1888, p. 235, pi. 6, fig. 1-4.

PhacellophoraomataB.AECKEL, 1880, p. 643.—Hargitt, 1904, p. 68.—Vanhoffen,

1906, p. 59.—Brownb, 1908, p. 247, pi. 2, fig. 3, 4.—Mayer, 1910, p. 617.

Phacellophora ambigua Haeckel, 1880, p. 550.—Vanhoffen, 1906, p. 58.—

Mayer, 1910, p. 615.
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Phacellophora cavitschatica Hertwig, 1878, p. 113, 114, pi. 9, fig. 15; pi. 10, fig.

16 (not Brandt, 1835).

Phacellophora sicula Haeckel, 1880, p. 551.—Mayee, 1910, p. 613, fig. 392.—

RrsHiNOUYE, 1910, p. 21, fig. 2.

Station 4779, 54-0 fathoms, Bering Sea; 1 specimen 95 mm, in

diameter.

Agattu Island, surface; 1 specimen, 170 mm. in diameter. '

Also 3604, Bering Sea, August, 1895; fragments.

The smaller specimen is in fair, the larger one in perfect condition.

The smaller specimen agrees so well with Mayer's figure of a Med-
iterranean example that the latter might almost have been taken

from it; the larger differs only in having more canals and tentacles

and more complex mouth parts. As in Mayer's figure, each rhopa-

lium is flanked on either side by a rounded lappet, separated from the

tentacular (velar) lappet, which is likewise rounded, or slightly wavy,

by a shallow notch (pi. 4, fig. 10), and practically the same condition

is figured by Kishinouye (1910) and by Browne (1908), except that

according to the former the rhopalar lappets are rather more pointed,

while the latter represents the lappets as proportionately longer and

narrow^er.

Two antimeres are irregular in having the rhopalar lappets un-

usually large, and the tentacular lappet entirely suppressed.

Canal system.—In the large specimen 91 canals leave the stomach,

but by the branching of the rhopalar canals there are about 140 at

the margin. In the smaller specimen there are 70 at the stomach,

149 at the margin; that is, there is individual variation, apart from

size. In Mayer's Mediterranean specimen there were 64 canals at the

stomach, and his figure shows about 110 at the margin; in Browne's

South Atlantic specimen there were 42 at the stomach. The number
of blind canals extending into each of the tentacular lobes varies from
2 large and 4 very minute in an antimere in which the place of the

tentacular lappet is usurped by the rhopalia of lappets on either

hand, to 10 or 11, the 5 or 6 in the middle being much the largest and

obviously the oldest, those at either end very small indeed.

In the small specimen there are usually 5 or 6 canals to the lobe.

Kishinouye (1910) shows 10, Browne (1908) 8, Mayer 5 to 8 for his

Mediterranean, but only 2 to 5 for his Eastport specimen.

Mouth 'parts.—Each of the four mouth arms is about 100 mm.
long, of the same general type as in Cyanea, though not so large; i. e.,

practically the condition figured by Mayer for sicula. In the smaller

specimen the marginal folds of the mouth arms are largely torn away,

leaving the stiff aboral axes, which in this mutilated state suggest the

mouth arms of Aurelia, and in Mayer's figure of his Eastport speci-

men they seem to be in the same condition.

The rhopalia (pi. 5, fig. 5) have no oceUi and agree very weU with

Hertwig's figure. According to Mayer (1910, p. 614) there is ''no

69077 "-Proc.N.M.vol.44—13 7
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sensory pit in the exiimbrella above the sense chib," but in our

specimen there is a distinct pit above each rhopalium.

Color.—In formalin the specimens are pale yellowish.

Genus A.URELIA P^ron and Lesueur.

The collection contains two easily distinguishable species of Aurelia,

the well-known aurita, and the Arctic limhata first described by
Brandt (1838) from the Bering Sea region. As Vanhoffen has

pointed out, limbata is characterized by the complex branching and

anastomosis of its canal system and by pigmentation; and these

characters taken together give the medusa a general appearance so

characteristic that it is identified at a glance.

The considerable series of the aurita group which I have studied,

taken oflF the coasts of New England, in British waters, the North

Sea, Cuba, Puget Sound, and Japan, all incline me to accept Van-
hoffen's view that they can not be divided even into varieties, cer-

tainly not by the precise arrangement of the canals. According to

Mayer (1910, p. 628) "laUata^' is separable from aurita by the fact

that its margin is cleft into 16 instead of 8 lappets, by the small diam-

eter of the subgenital openings, and because the bell margin " projects

downward from the subumbrella side as 8 plain-edged, velum-Hke

folds spanning between the sense organs." But our 8 specimens

from Puget Sound and Japan show very clearly that whether there

are 8 or 16 marginal lobes is a question of contraction. In some few

preserved specimens the margin is more or less retracted in the

adradii, giving the "lahiata" outline; in others the contraction has

taken place in some of the adradii only; and one specimen from Cuba
is especially instructive because there are four such false lappets

in one octant.

The size of the subgenital openings seems to be subject to great

variation—Mayer himself has shown very small ones in an aurita

from the Tortugas—and they are very small in our Japanese speci-

mens and in others from Cuba. In New England specimens they

are large as a rule.

As to the structure of the margin, I may point out that it is exactly

the same in aurita as it is described by Mayer (1910) for lahiata; in

both the tentacles arise some distance from the bell margin, and the

intertentacular lobes are not discontinuous, as they are shown in L.

Agassiz's beautiful figures, but are connected with one another below

the tentacles by a continuous "shelf" which is the true margin.

Below this, again, the velarium is situated.

There are two Aurelias besides aurita and limhata, which may per-

haps deserve specific rank, solida Browne and maldivensis 'Bigelow,

the former characterized by the vertical position of the rhopalia, the

latter by the extreme development of the mouth-arms. But both of

these demand further study.
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AURELIA AURITA (Linnaeus) Lamarck.

Medusa aurita Linnaeus, 1758, p. 660.

(For synonymy, see Mayer, 1910, pp. 623, 628.)

Tsuruga, Japan, July 23, surface; 3 specimens, 65, 90, and 130 mm.
in diameter.

I can find nothing to separate these specimens from the Aurelias

of the New England coast, except that they have smaller subgenital

pits than is usually the case among the latter; but in this respect

they agree with Cuban specimens. The branching of the canals is

rather regular, just as in the Japanese specimens recorded by Maas
(1909, var. "colpota"), but no more so than I have seen it in some
Atlantic specimens; in fact an example of almost exactly the same
type (though with only seven rhopalia) has been figured by Hargitt

(1905c) from Massachusetts.

AURELLA LIMBATA Brandt.

Plate 5, figs. 1-4.

Aurelia limbata Brandt, 1835, p. 26.

—

Vanhoffen, 1902a, p. 43; Maas, 19066,

p. 507.

Diplocraspedon limbata Brandt, 1838, p. 372, pi. 10.

Dutch Harbor, surface, May 25; 16 young specimens, 16-22 mm.
in diameter.

Agattu Island, surface, June 7; 1 specimen, now in fragments,

about 200 mm. in diameter.

Mororan, Hokkaido, Japan, surface, July 5; 2 specimens of about

100 mm.; 1 very fragmentary, the other with subumbrella, part of

margin, gonads, subgenital pits, and two mouth-arms intact.

Station 5008; surface, 1 specimen, 43 mm. in diameter.

This species resembles aurita in general form as well as in the fact

that the exumbrella is thickly set with minute tubercles, giving a

hoary appearance. The subgenital openings are of moderate size.

No one of the large specimens is perfect; but the two most im-

portant features from the systematic standpoint, canal system and
margin, are well preserved over at least a part of the periphery, in all.

Canal system.—In the large specimens the canal system is so char-

acteristic that it identifies them at a glance (pi. 5, fig. 1). The inter-

radial groups rise as one trunk, the perradials usually as three trunks;

in either case the original trunks soon divide and subdivide, whUe
the resultant branches anastomose among themselves and with the

outer portions of the adradials, until the entire subumbrella is occu-

pied by an exceedingly close-meshed and complicated canal-net, in

which the adradials are conspicuous by the fact that they are inde-

pendent for the inner two-thirds of their length.

In the smallest specimen (16 mm.) the adradials are unbranched,
and each per- and inTerradial group arises as a single trunk, which
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shortly bifurcates; and close to the margin there is some further

branching. In a specimen of 20 mm. the per- and interradials still

start as a single trunk; but the peripheral branching and anasto-

mosis is already much more extensive, and the outer third of the

adradials is now involved in it (pi. 5, fig. 4), and the margins of all

the canals are jagged. By the time a diameter of 32 mm. is reached

there is a marked advance in the complexity of the branching.

Mouth parts.—Unfortunately the mouth parts are damaged in all

the specimens ; but so far as can be seen they are of the usual Aurelia

type. In one example of about 100 mm. two of the mouth-arms are

intact; they are slightly longer than the bell radius.

Margin.—The velarium is much broader than in aurita, and the

oldest of the intertentacular lobes longer and pointed, but there are

all stages in the development of the latter and of the tentacles. As

in aurita (p. 98), the tentacles arise some distance above the margin,

the lobes not being discontinuous, but connected with one another

below the tentacles.

The rhopalia (pi. 5, figs. 2, 3) resemble those of A. aurita in general,

there being a broad, shallow, radially corrugated exumbral pit above

the sense club, and below it a narrow, tubular one opening into the

notch at the bottom of which the latter is situated. The club itself

stands in an obUque position, neither horizontal, as is usual in aurita,

nor vertical, as in the form described by Browne (1905) as solida.

The most striking feature of the margin is that velarium, margin,

and lappets are heavily pigmented. In the preserved specimens they

are amber-brown, and one of Mertens's figures from life (Brandt, 1838)

shows this same color, but in his other figure they are deep sepia-

brown. The color is as dense in our specimen of 30 mm. as it is in

the larger ones; but in the specimen of 60 mm. observed by Mertens

(Brandt, 1838, A. hyalina) there was no pigment.

Suborder RHI20ST0MATA.

Genus MASTIGIAS L. Agassiz, 1862.

MASTIGIAS PAPUA (Lesson) L. Agassiz.

Cephea papua Lesson, 1826, p. 122, pi. 11, figs. 2, 3.

(For synonymy, see Mayer, 1910, p. 678.)

Nagasaki, Japan, surface, August 8; 3 specimens, 20-35 mm. in

diameter.

These specimens are apparently identical with the Japanese material

described by Kishinouye (1895) as M. pliysophora, except that like

the Japanese specimens studied by Maas (1909) they have lost all color

in the preservative. As Maas (1903, 1909) has shown, physophora is

at most a variety of papua, with which Mayer (1910) has unequiv-

ocally united it. I believe the latter is correct.
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Genus CEPHEA Peron and Lesueur, 1809.

Mayer (1910) has given an excellent account of this genus, and has
pointed out that since in all known species of Cephea the mouth-arms
"give rise to secondary dichotomous or dendritic branches and all

are laterally compressed" there is no distinction between it and
Netrostoma. The several members of Cephea, though differing widely
from one another in their extremes, are connected by so many inter-

mediate conditions that the separation of the species is difficult and
probably largely artificial.

The collection contains a single well-preserved Cephea which agrees

very well with the C. setouchiana of Kishinouye, especially in having
a rather high dome with numerous protuberances, and a unitary

four-lobed subgenital cavity, a character which it shares with C. coeru-

lescens Maas. According to Mayer, setouchiana is a variety of C.

cephea, coerulescens of C. octostyla, the two species being separated by
the conformation of the central exumbral dome. This character is a

variable one, as INIayer himself has found ; but as I have studied only

a single specimen of the genus, his classification is adopted here for

the sake of uniformity. Kishinouye's account (quoted by Mayer,

1910, p. 657) applies so well to our specimen that no description is

called for here.

CEPHEA CEPHEA (ForskSl), var. SETOUCHIANA (Kishinouye) Mayer,

Microstylus setouchianus Kishinouye, 1902, p. 11, pla. 1, 2.

Netrostoma setouchiaims Browne, 1905a, p. 967.

Cephea cephea, var. setouchiana Mayer, 1910, p. 657, fig. 409.

Nagasaki Harbor, August 5; 1 specimen, 80 mm. in diameter.

Genus RHOPILEMA Haeckel, 1880.

RHOPILEMA ESCULENTA Kishinouye.

rhopiUma esculenta Kishinouye, 18916, p. 53; 1899, p. 20, pi. 13, figs. 1-5.

—

Mayer,

1910, p. 705, fig. 423.

? Rhopilema rhopalophora Haeckel, 1880, p. 596.

Kagoshima Gulf, Japan, August 16, surface; 1 excellent specimen,

about 140 mm. in diameter.

Kishinouye's (1899) account of this species, quoted by Mayer, is so

good that no description is necessary here.

GEOGRAPHICAL DISTRIBUTION.

The chief interest of the collection, from the zoogeographic stand-

point, is that it throws fresh light on the relationships of the medusa
fauna of Bering Sea to that of other parts of the north Pacific on the

one hand, and to that of the Ai-ctic Ocean and north Atlantic on the

other: and it affords our first information of the siphonophore fauna

of the northwestern Pacific.

Some 40 species of medusae are now recorded from the region

including Bering Sea, the Aleutian chain, the neighborhood of the

Shumagin Islands, and the east coast of Kamchatka, the known
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occurrence of which, in other regions, is shown on the table

with the exception that two species are omitted, Aequorea aequorea,

because our knowledge of its several varieties is still so chaotic

that it is not advisable to make any use of them as yet in. discussions

of zoogeography, and the " species -incerto " of Murbach and Shearer

(1903), a peculiar codonid, because known from a single poorly

preserved specimen.

Distribution of Bering Sea species.
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of the Aleutians, and the Sea of Okhotsk alone, that is, Meator

rubatra and Calycopsis nematopJiora, both described here for the first

time. And though the second may fairly be assumed to be restricted

to the Berii:^ Sea region, because it is a surface species and has not

been taken elsewhere although the genus to which it belongs is

widely distributed, the first is certainly a member of the mesoplankton,

for which reason it is unsafe to assume that it will not prove to be

much more widely distributed than now appears, when the bathy-

metric province to which it belongs is better known. "The same is

true of Pandea rubra, recorded from Bering Sea and from off the

coast of British Columbia, and it is questionable whether the single

Scyphomedusae peculiar to the Bering Sea region, Haliclystus stejnegeri

Kishinouye, is really separable from H. auricula.

The remaining species are easily classified as to their relationships,

systematic and geographic. In the first place, there are four "inter-

mediate" cosmopolitan species, belonging that is, to the mesoplank-

ton, Halicreas papillosum, Aeginura grimaldii, PeriphyUa hyacintJiina,

Atolla wyvillei, and one cosmopolitan surface form, Aurelia aurita,

while two others, Solmissus incisa and Aegina rosea, if not cosmo-

politan, are at least widely distributed both in the Atlantic and in

the Indo-Pacific. Then one, BougainviUea hougainviUei, is probably

identical with the other member of the same genus mentioned in the

list, B. superciliaris. Sarsia princeps, S. eximia, Hyhocodon prolifer,

BougainviUea superciliaris, Rathkea hlumenhacJiii, Catablema vesicaria,

Tiaropsis diademata, Eutonina indicans, StauropJiora mertensii,

PtycTiogena lactea, Aglaniha digitale, PantacJiogon JiaecTceli, Botrynema

eUinorae, Aeginopsis laurentii, Haliclystus, and Cyanea capillata var.

capiUata, are characteristic members of the medusa fauna of the

boreal Atlantic, or of the Arctic Ocean; Aurelia limhata probably

occurs in Greenland waters (Vanhoffen, 1902a) and Sarsia japoTi-

ica may be identical with an Arctic species, S. Jiammea, while Cata-

Uerna multicirrata is a member of a genus which, as here defined, is

known only from the boreal Atlantic and from the Arctic Ocean.

Six species, on the other hand, clearly have an Indo-Pacific origin.

These are Heterotiara anonyma, which is widely distributed in the

intermediate depths of the Indo-Pacific, but is not know^n from the

Atlantic; Prohoscydactyla Jlavicirrata, a Pacific species which finds

its closest ally in the only other member of the genus, ornata,^ one or

other variety of which is recorded from various locaHties in the

tropical Atlantic and the Pacific and Indian Oceans; Gonionemus
vertens var. depressum, which is represented in the north Atlantic

by a close ally; and CTirysaora lielvola, which is so far known only

from the two sides of the northwestern Pacific, though it is certainly

1 1 have recently examined two excellent specimens o( flavicirrata from Puget Sound, finding that the

mode of branching of the canal agrees very well with Brandt's (1838) figure; this separates them, as I sup-

posed (19096), from ornata.
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very close to the Atlantic G. hysoscela, if indeed it is separable from

it at all. 0. melanaster, too, is so far known only from the north-

western Pacific; and the Pelagia is a representative of a tropical and

subtropical genus, a casual visitor from the south. ,

Thus, as might have been expected on oceanographic grounds, it

is evident that the medusa fauna of the Bering Sea region has been

recruited from two directions, there being a constituent from the

warmer waters of the Pacific on the one hand and, on the other, a

more important one, numerically, from the cold Arctic waters, which

must have entered Bering Sea by way of Bering Straits.

Most of the leptoline species of northern origin are known from

the region extending from Cape Cod to southern Labrador, while one,

Eutonina socialis, occurs in the North Sea; that is, they are boreal

rather than purely Arctic, though several are known from Arctic

stations; and this is what we might have expected, for in summer
the temperature of the surface waters of the southern part of Bering

Sea is from 50° to 57°; that is, about as warm as the waters of the

northern parts of the Gulf of Maine on the New England coast and

considerably warmer than the surface waters of the Labrador current

off Labrador. And for tliis same reason it is probable that collec-

tions made during the late summer would contain a greater number
of southern species, for the Fisheries steamer Albatross records are

limited to May and the early part of June.

The Bering Sea list includes four siphonophores, all long-known

species. One of them, DipJiyes arctica, previously recorded only

from Arctic and boreal regions (19il&), was taken regularly on the

present cruise in cold waters, but was entirely absent in the warm
waters of the Eastern Sea and of Kuro shiro. Like the Arctic and

boreal medusae, it probably reached the Bering Sea region from the

north, i. e, by way of Bering Straits. But, as Doctor Moser, who is

now working on the siphonophores of the German South Polar Expe-

dition, writes me that the Gauss took it in many localities, further

discussion of its distribution is best postponed until her data is

published.

The three other siphonophores are all species of wide distribution

in both Atlantic and Indo-Paoific, Rosacea plicataand Biphyes trun-

cata being known from tropical as well as from temperate stations

and Vogtia pentacantlia from the Bay of Biscay and from the Medi-

terranean. But as none of them has ever been recorded from Arc-

tic temperatures, it is safe to assume that they colonized Bering Sea

from the south. They were all taken there so regularly that they

are to be considered characteristic members of its pelagic fauna.

The collection suggests the probability that certam species of

medusae belonging to intermediate depths may be confined to Arctic-

boreal regions; a generalization of great zoogeographic interest if it
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proves to be well founded. This tentative conclusion (of course it

may have to be modified) is based on the occurrence of Pantachogon

Tmeckeli and of Crossota brunnea var. norvegica. If these species had

been represented by only a few scattered captures, we might well hesi-

tate to use them as instances of geographic range; but both were taken

in considerable numbers at 10 stations each, and the regularity of their

distribution is striking when we observe that only 14 hauls with the

intermediate net from 300 fathoms were made south of the Shumagin

Islands, in Bering Sea and in the Sea of Okhotsk, in 11 of which

one or other of the two species was taken (in six hauls the two were

taken together; each was likewise taken in the trawl). On the

other hand, both were conspicuously absent in the intermediate

hauls made in Japanese waters, nor are they represented in the

extensive collections made by the Albatross off the coasts of Cali-

fornia, British Columbia, and southern Alaska, which have passed

through my hands. In the Atlantic, too, these two species have

been taken only at far northern stations, though the expeditions

of the National, of the Valdivia, and of the Prince of Monaco
might have been expected to reveal them in the warmer parts of

the Atlantic were they as common there as in Bering Sea, or as are

such genera as Halicreas, PeripJiylla, and Atolla. And the fact that

P. TmecJceli is represented by a distinct, though allied, species, scotti, in

the Antarctic and C. brunnea var. norvegica by a recognizable variety in

tropical regions, is also strong evidence that the two are restricted to

northern regions. The collection made by the Michael Sars, now
being studied by Doctor Broch, may throw further light on this sub-

ject, but we are probably safe in assuming that both Pantachogon

and Crossota entered Bering Sea from the north.

Botrynema ellinorae is likewise known only from "intermediate"

hauls in Bering Sea and in the Arctic Ocean; but the records of its

captures are too few to warrant the assumption that it is confined to

high latitudes, while the fact that its close ally, brucei, is Antarctic,

suggests that the genus, at least, wiU be found in the deeper water

layers of low latitudes. It is not improbable that the two new
"intermediate" species, Pandea rubra and Meator rubatra, may
belong to the same category, for their occurrence in the northwestern

Pacific closely parallels that of Pantachogon and Crossota; but, as

pointed out above, it is best to suspend judgment on this point for

the present.

We can not trace the cold water medusae southward along the

west and east sides of the northwestern Pacific as well as we could

wish, because we know very little about the medusae of the Ameri-

can coast between the Aleutians and Puget Sound. But the collec-

tions from the latter region, recorded by A. Agassiz (1865) and by

Murbach and Shearer (1903), and a series in the Museum of Com-
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parative Zoology collected by Professor Kincaid, give a fair idea,

though certainly far from a complete survey, of its medusa fauna.

The combin,ed list from Puget Sound, coast of Washington, and

southern British Columbia, is as follows:

Sarsia rosaria. Halistaura cellularia.

Sarsia eximia. Phialidium gregarium.

Stomotoca atra. Aequorea aequorea.

Neoturris brevicornis. Gonionemus vertens.

Catablcma vmlticirrata. Aglantha digitate.

Bougainvillea bougainvillei. Cyanea arctica (colorless var.).

Proboscydactyla flavicirrhata, Dactylometra species?

Polyorchis penidllatum. Chrysaora helvola.

Polyorchis minuta. Phacellophora species?

Melicertum georgicum. Aurelia aurita.

Staurophora mertensii.

Likewise the siphonophores, Diphyes appendiculata, PJiysalia, Porpita,

and Velella; and the present collection contains specimens of Hetero-

tiara anonyma and Crossota pedunculata taken in intermediate hauls

off British Columbia.

The general character of this list differs from that of Bering Sea by

the appearance of the very noticeable genera Polyorchis, Halistaura,

Dactylometra, and by the tropical siphonophores Physalia, Porpita,

and Velella, whUe the dark-colored Cyanea of the north is replaced by

a colorless variety, of which I have seen examples. At the same

time seven of the Bering Sea species are also known from the Puget

Sound region, while it would not be surprising to find Sarsia rosaria

C^tuhulosa), Melicertum, and Phialidium in Bering Sea, judging from

the occurrence of these genera in the north Atlantic.

As we pass southward from the Puget Sound region, we find only

a few scattered records of medusae until we reach San Diego. And
somewhere in tliis long stretch the cold-water species which compose

the great bulk of the medusa fauna of Bering Sea entirely disappear,

the most southerly record for any of them on the surface being

Fewkes's (1889) capture of Hyhocodon prolifer at Santa Barbara,

though the northern Aglantha digitale is represented by a distmct

variety in the mtermediatc depths of the tropical Pacific (1909a).

The oidy Leptomedusa known to be common to San Diego and to

Bering Sea is the cosmopolitan Aequorea aequorea, and even in this

case it is doubtful whether it is represented by the same variety.

On the western side of the Pacific the available data is more exten-

sive, thanks to the collections from Japan recorded b}^ Maas (1909)

and by Kishmouye (1902, 1910), and to the Fisheries steamer

Albatross series from the southern part of the Sea of Okhotsk, a virgin

field, and the Eastern Sea south of Japan. The species taken m the

Sea of Okhotsk are Sarsia japonica, Calycopsis nematophora, Ptycho-

gena lactea, Tima saghalinensis, Aglantha digitale, Crossota hrunnea,
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var. norvegica, Pantachogon haeckeli, Halicreas papillosum, PeripTiylla

hyacinthina,Aurelia limbata, and the siphonophore Vogtia pentacantha;

all, except the Tima, also taken in Bering Sea; and the one exception

may be expected to turn up there, as it is a new species known only

from one record.

Cyanea capiUata, Aurelia limhata, StauropTiora mertensii, and the

genus CTirysaora are also known from the southern end of Sakhalin

Island, besides the genera UrasMmea, Nemopsis, and PolyorcMs,

recorded by Eashinouye.

Eight of the Bermg Sea medusae are known from the Kurile Islands,

among them the tyi^ical cold-water forms StauropTiora mertensii,

Aglantha digitale, the dark-colored variety of Cyanea capiUata,

Aurelia limhata, and Diphyes arctica; but on the other hand, the

eudoxid of Nectopyramis diomedae, a species previously recorded only

from the tropical Pacific, was likewise taken off the Kurile Islands,

but it is known from so few captures that it can not be assigned to

any definite temperature zone. Catahlema multicirrata, CJirysaora

helvola, Sarsia tubulosa, Phacellophora amhigua, and the peculiar

Stauromedusa Thaumatoscyphus have likewise been recorded from the

Kuriles by Kishinouye.

In examining the records of the Albatross from the Sea of Japan
we are confronted by the rather surprising fact that although the

intermediate 5-foot net and the small plankton nets were used at

15 of the 86 trawling stations occupied, medusae were taken in only

3 hauls. Only four species of medusae were taken; i. e., Liriope

tetraphyUa, Aglaura hemistoma, Aglantha digitale, Dactylometra paci-

fica, and three siphonophores. Rosacea plicata, DipJiyes arctica, and
D. truncata; while the only previous records which I have been able

to find are that of Aeginopsis laurentii, by Haeckel (1879) and
Parumbrosa polylohata by Kishinouye (1910).

The apparent absence of the smaller surface medusae might
perhaps be credited to their being overlooked in the mixed plankton;

but we can not account in this way for the failure to find any of the

larger red "intermediate" genera, as for example, AtoUa, PeripliyUa,

Aeginura, because they are made exceedingly conspicuous by their

color. And as none of them were taken, it is fair to assume that the

scarcity of the medusae on the Sea of Japan is a real, not an apparent

phenomenon.
The short Ust includes three warm water members, Aglaura,

Liriope, Dactylometra, and two cold water ones, Aglantlm and Diphyes

arctica, with two, Rosacea plicata and Diphyes truncata, which are

probably cosmopohtan ; and data of the specimens shows that Aglaura

and Liriope were taken on the surface, while Aglantha and Diphyes

were encountered only in intermediate hauls, the difference in bathy-

metric range being well illustrated by the coincidence that Aglaura
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was taken on the surface close by the spot where the two cold water

species were brought up from the deeper waters, the surface tempera-

tures bemg 77°-80°, that at 245 fathoms 33.1°. Haeckel's record of

Aeginopsis unfortunately gives neither the date, whether winter or

summer, nor the exact locaUty. And both of these are of im-

portance, because in summer the surface temperatures of the Sea

of Japan range from about 60° (northern end) to about 80° (Korea

Channel); while in winter the surface waters of its northern half,

between Hoklcaido and the Siberian coast, are cooled to 45° or less.

In the portion of the Eastern Sea south of the Straits of Korea
traversed by the Albatross, the hauls brought to light an abundant
harvest of medusae, the species taken near the Goto Islands, off

Kagoshima Gulf, and off Kyushiu Island being

—

1. Medusae.

Turritopsis nutricula.

Aequorea pensile.

Olindioides fonnosa.

Aglmira hemistoma.

Rhopalonema velatum.

Colobonema typicum.

Crossota alba.

Liriope tetraphylla.

Rosacea plicata.

Neclodroma reticulata.

Hippopodius Mppopus.

Vogtia pentacantha.

Ahylopsis tetragona.

Bassia bassensis.

Clausophyes galatea.

Galeolaria australis.

Galeolaria monoica.

Chuniphyes multidentata.

Geryonia proboscidalis.

Sobnundella bitentaculata.

Periphylla hyacinthina.

Nausiilioe punctata.

Atolla wyvillei.

Pelagia panopyra.

Sanderia malayensis.

Parumbrosa polylobata.

2. SiPHONOPHORAE.

Diphyes truncata.

Diphyes appendiculata.

Diphyes contorta.

Diphyes spiralis.

Diphyopsis dispar.

Diphyopsis mitra.

Diphyopsis chamissonis.

Agalma olceni.

Archangelopsis typica.

Parpita pacifica.

The list is essentially tropical, as might have been expected from

the surface temperatures (83°-85°) at the season the collection was
gathered, all the surface medusae being known from the tropical

parts of the Pacific or Indian Oceans, except Turritopsis nutriculata,

Olindioides, and Parumhrosa polyhata, the last two known only from

Japan. All the siphonophores, except Vogtia pentacantha, are known
from the tropical Pacific, or from the Malaysian region, while most of

them are characteristic of the warmer regions of all three great

oceans.

During the summer months, when the southeastern coasts of

Japan are bathed by the warm Kuro Shiro current, the tropical

holoplanktonic coelenterate fauna extends northward along the

coast of Nipon, at least as far as Suruga and Sagami Bays, where
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the combined records of Kishinoiiye (1902, 1910), Maas (1909), Doflein

(1906) , and the Fisheries steamer Albatross, have revealed the following

tropical species: Cytaeis vulgaris, Clavula papua, Prohoscydactyla

omata, PTiialidium pacificum, P. discoida, Aequorea pensile, Liriope

tetraphylla, Geryonia prohoscidalis, Rhopalonema velatum, Aglaura

Tiemistoma, Solmundella, Cunina peregrina, CTianjhdea rastonii,

Pelagia panopyra, Sanderia malayensis, Dactylometra pacijica, Thysano-

stoma tliysanura and Mastigias papua, with the following siphono-

phores, Ahylopsis tetragona, DipJiyes appendiculata, Dipliyopsis

dispar, Dipliyopsis chamissoms, Forslcalea, Pliysalia, Porpita, and

Velella; all of them being widely distributed in the tropical parts

of the Indo-Pacific.

This list suggests that the pelagic coelenterate fauna of the south-

east coast of Japan in summer is overwhelmingly tropical ; but such a

conclusion is correct only for its holoplanktonic constituent—that is,

for the inhabitants of the warm waters of the Kuro Shiro, and for

certain scyphomedusae. With the leptoline forms quite a different

state of affairs is to be seen, because the list does not include any

of the leptoline hydromedusae which are the most characteristic

members of the medusa fauna of the Phihppines, the Malaysian

region, or of the Maldives and tropical Pacific, such as Bougainvillea

fulva, Laodicefijiana, Tiaropsis rosea, PMalucium mbenglia, Irenopsis

hexanemalis, Eutima levulca, Octocanna polynema, Gonionemus suvaen-

sis, or the genera EupTiysora, PJiortis, or Olindias. A full list of the

Phihppine, Malaysian, and tropical West American hydromedusae,

and their distribution, will be found in my report on the Albatross

Philippine medusae.

In Japanese waters the place of Olindias is taken by Olindioides,

of the tropical Gonionemus suvaensis, by G. vertens, var. depressum,

which is a close aUy of the Gonionemus of the cold waters of Puget

Sound, and of New England. Other Japanese leptoline forms

recorded by Kishinouye (1910) and by Maas (1909), such as Nemopsis

dofleini, Willia pacijica, Spirocodon saltatrix, are peculiar to Japan,

so far as we know yet. The absence of the typically tropical leptoline

species, which are so common among the Philippines, is probably

not an accidental failure in collection, but is an actual condition,

due to the low temperature of the waters off the east coast of Japan

in winter, which they, or their hydroids, can not survive. But in

the case of the holoplanktonic species, this bar is operative only

in winter, for they are brought to Japan in summer by the Kuro
Shiro, when the latter ^reads toward the north.

Unfortunately we have almost no data on the medusa fauna of

the east coast of Nipon, north of Yokohama Bay; indeed I have

not been able to find a single definite record; but we can safely

assume that before Tsugaru Strait is reached the tropical contingent
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of the medusa and siphonophore fauna swings awaj from the coast,

with the easterly trend of the Kuro Shiro current, because the few

species previously known from the east coast of Hokkaido, and
those found there by the Albatross, that is, Sarsia japonica,

PtycJiogena lactea, AglantJia digitale, Haliclystus auricula, Aurelia

aurita, Aurelia limhata, and Dipliyes arctica, are of a distinctly north-

ern cast.

In summer the warm Kuro Shiro water, with its characteristic

fauna, is periodically driven out from the shore off Tsuruga Gulf, by
northwest winds, and its place taken by much colder water (Doflein,

1908); and the few available winter records, for example, RatKkea

hlumenbachii and PhacellopJiora amhigua from Misaki (Kishinouye),

show that some northern species reach the coasts of Nipon at that

season ; whether any of them do so in summer is not yet known.

An interesting parallel may be drawn between the pelagic coelen-

terate fauna of the northeastern coasts of Asia and that of the

northeast coast of the United States. It has, of course, been long

recognized that the east coast of Japan and the southern shores of

New England share certain striking oceanic phenomena, both being

bathed in winter by cold, almost Arctic waters of northern origin,

which in summer are periodically displaced by the northerly swing

of a very warm current, the Kuro Shiro in the Pacific, the GuLf

Stream in the Atlantic. On the Japanese coast the warm stream

holds almost continuous sway in summer; but on the south coast

of New England its full effect is felt only occasionally, though it

tempers the surface waters to a marked degree throughout the

warm months. Off the coast of Nipon, in the region of Sagami

and Suruga Gulf the annual range of temperature is from about 50°

to about 80°; off Narragansett Bay, in New England, from about

38° (it occasionally freezes in the bay) to about 76°; and of course

even greater extremes and various anomalies are observed in partially

enclosed waters.

To both of these regions the warm current brings an abundant

tropical oceanic pelagic fauna in summer; but this deserts New
England, and probably Japan, in autumn, when the warm waters

to which it belongs recede. And in neither region is the leptoline

medusa fauna tropical; thus there are very few leptoline species

common to Narragansett Bay and to the West Indies, though the

former receives a number of characteristic tropical oceanic medusae

every summer; and the same is true of Japan; nor indeed would

we expect to find litoral tropical species taking permanent foothold

in regions where they would have to survive boreal temperatures at

some stage of development.

In New England tropical medusae seldom penetrate north of Mas-

sachusetts Bay, beyond which point, in summer, we find boreal species

such as Melicertum campanula, Staurophora mertensii, Catableraa
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vesicaria, which appear only in winter south of Cape Cod; and in

Japan the Tsugaru Strait marks a similar division. But both in the

Atlantic and in the Pacific there are records of the occurrence of trop-

ical coelenterates from far north of their usual range, such as Physalia

in the Bay of Fundy, Pelagia in Bering Sea.

In the cold season the process of dispersal is reversed, the warm-
water species receding, the cold-water ones advancing toward the

south. We do not know just how far southward boreal medusae
extend along the coasts of the United States in winter, but several

appear regularly at that season at Woods Hole and in Narragansett

Bay, and I have myself seen the waters of Pamlico Sound (only a few

miles north of Cape Hatteras) crowded with the dark red northern

Cyanea, in January, after prolonged northeast storms. In Japan, as

pointed out above, boreal species appear in Sagami Bay during the

cold season, and it is probable that they advance even farther

southward.
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EXPLANATION OF PLATES.

Plate 1.

Meator rubatra.

Fig. 1. Side view of type. X3.
2. Oral view of same.

3. Side view of manubrium of another specimen.

Catablema muUicirrata.

Fig. 4. Side view of specimen, 29 mm. high, with the bell opened and its walls

turned aside to show the manubrium.

5. Radial canal and portion of margin.

6. Dissection of margin, showiag bases of an old and a yoimg tentacle in side ^Jiew.

7. Portion of margin.

Catablema vesicaria, var. nodulosa.

Fig. 8. Side view of specimen 21 mm. in diameter, with part of the bell wall dissected

away to show manubrium and gonads.

9. Similar dissection of a young specimen 10 mm. in diameter.

Plate 2.

Pandea rubra.

Fig. 1. Side view of type, 47 mm. high.

2. Upper part of another specimen, with part of the bell wall cut away to show
manubrium and gonads.

3. Radial canal and portion of margin.

4. Side view of base of a tentacle.

5. Portion of radial canal.

6. Young specimen, 27 mm. high.

7. Manubrium of same.

Calycopsis nemataphora.

Fig. 8. Type, with part of bell wall cut away to show manubrium. X3.

Plate 3.

Calycopsis nematophora.

Fig. 1. Margin.

2. Aboral view of subumbrella, with manubrium largely cut away to show its

relation to the canals.

3. Portion of lip.

Pantachogon haecheli.

Fig. 4. Side view of specimen, 17 mm. in diameter.

5-7. Successive stages in the development of the gonads.

8. Manubrium and proximal part of gonads of a large specimen.

Crossota alba.

Fig. 9. Side view of type. X about 3.

10. Portion of margin of same, showing stumps of tentacles of different ages.

11. Portion of inner surface of bell of another specimen to show manubrium and

gonads.

12. Sense-club of same. X75.
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Crossota pedunculata.

Fig. 13. Portion of type showing manubrium with its peduncle, and one gonad. X3.

Plate 4.

Botryncvia ellinorae.

Fig. 1. Slightly oblique side view of specimen, 13 mm. in diameter.

2. Portion of margin of same to show stumps of tentacles.

3. Portion of same, more highly magnified, to show seuse-cluba.

4. Sense-club.

Cyanea capillata, var. nozakii.

Fig. 5. Portion of subumbrella, about natural size.

6. Rhopalium of same, in side view.

7. Aljoral view of rhopalium.

Cyanea capillata var. capillata.

Fig. 8. Portion of subumbrella.

9. Rhoi)alium of same, side view.

Phacellophora amhigva.

Fig. 10. Portion of subumbrella and margin.

Plate 5.

Aurelia limhata.

Fig. 1. Portion of subumbrella of large specimen, 200 mm. in diameter, showing the

canal system.

2. Aboral view of rhopalar folds and niche of same.

3. Dissection of margin, showing the rhopalium in side view.

4. Segment of subumbrella of a young specimen, 20 mm. in diameter.

Phacellophora ambigua.

Fig. 5. Dissection of margin, showing rhopalium in side view.

Galeolaria australis.

Fig. 6. Apex of lower and base of upper bell, with base of stem, to show the method

of association. XlO.
Vogtia pentacantha.

Fig. 7. Mature nectophore, 16 mm. broad.

8. Young nectophore, 4 mm. broad.

9. Nectophore, 8 mm. broad at a stage intermediate between figs. 7 and 8.

Rosacea plicata.

Fig. 10. Side view of nectophore and contracted stem of specimen from the north-

western Pacific. X2.5.

11. Extremity of somatocyst of specimen from the Bay of Biscay.

Plate 6.

Clausophyes galatea.

Fig. 1. Entire animal. X3.
2. Base of superior and apex of inferior nectophore of another specimen to show

their relationship to the stem.
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Diphyes truncata.

Fig. 3. Inferior nectophore; the course of the lateral subumbral canals is partly

reconstructed (dotted). X7.
4. Ventral view of base of same to show basal wings and open hydroecial groove

bounded by two ridges.

5. Ventral view of base of superior nectophore. (See text fig. 2, p. 74.)

Vogtia pentacantha.

Fig. 6. Part of a colony with the nectophores torn off to show the relationship between

the muscular stalk or " Knospungzone, " which bears the latter to the stem.

At its tip are four young nectophores. Only the basal part of the stem,

with a few siphons and gonophores, is shown.

Archangelopsis typica.

Fig. 7. Side view. X4. From a photograph.
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