THE SALPS OF INDIAN SEAS.

By R. B. SevyMour SEweLL, Major, I.M.8., M.A., F.AS.B.,F.Z 8.,
F.L.8., Director, Zoological Survey of India.

The collection of Salps in the Indian Museum, on which the following
paper is based, consists for the most part of collections made by the
R. !. M. 8. “ Investigator " in various parts of the Arabian Sea (including
the Laccadive Sea), the Bay of Bengal and the Andaman Sea.

Two papers, dealing with this collection, have already appeared
in the Records and Memoirs of the Indian Museum, namely thoss by
Bomford (1913) and Oka (1915). The first of these papers, by Bomiurd,
1s merely a short note dealing for the most part with collections that
he himself made when officiating as Surgeon-Naturalist in 1911-13.
Oka’s paper (1915) deals with the Tunicata in general, and it appears
that for some reason or other, but probably due to an oversight, only
a small portion of the collection of Salps was forwarded to him. He
mentions only five species, all of large size, and, furthermore, appears
to have been completely unaware of Bomford’s earlier paper. I have,
therefore, thought it well to write an account of the collections as a
whole, even though so doing necessitates a certain amount of repetition,

The Hemimyaria comprises a group of pelagic animals, the number
of species in which are few but have a very wide geographical range.
The group is usually subdivided into two genera, Cyclosalpa and
Salpa; of these the former genus is a natural'and well-defined one, but
the same cannot be said for the latter. The genu Salpa (sensu lato)
comprises a group of animals, in which the number of distinct species
is comparatively small, but these exhibit infer se such a diversity of
structure that in any other group it would be regarded as sufficient
ground on which definitely to relegate them to distinct genera or even
families. Indeed the retention of this so-called genus in its wide sense
in the nomenclature appears to be due to a reverence for time honoured
tradition rather than to any scientific basis.

The members of the family Salpidae are, as Metcalf (1918 has clearly
shown, possessed of a remarkable degree of plasticity. Metcalf himself
attributes the evolution of the various specics to an innate tendency
to vary, that has resulted in the evolution of widely diverse forms in
spite of the general uniformity of the conditions under which these
animals live. He remarks, (1918, p. 161) “ the very considerable diver-
sity of the species within the family Salpidae is correlated with the great
specialization of the family for its pelagic life. The two sets of pheno-
mena are but different phases of the fundamental physiological quality
of plasticity.. This plasticity, as indicated in the later stages of the
evolution of the family, during the time of formation of the diverse
species, seems due not to sensitiveness in response to environmental
influences, but more probably to an inherent instability working itself
out in many directions, without special relation to environmental
influence. The external conditions under which the several species
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live are remarkably uniform. Their divergence has not been in the
nature of fitting into different types of anironmenﬁ It must have
resulted almost wholly from inherent qualities.” Personally I am
inclined to think, and my own researches in Indian waters certainly seem
to indicate, that there is very much less uniformity in the ocean waters
of this region than is generally supposed, and that planktonic organisms
are subject to periodic and rhythmic changes in their environment
that, though possibly small in amount, may have a very pronounced
effect on the organisms. Individuals adapted to certain conditions,
especially those of temperature and salinity, at one season of the year,
will at another find themselves existing und r adverse conditions.
Within a few days or weeks conditions at the surface may so change
that it may even cause the death of many individuals ; and the result
is the production of a number of variations using the term in its widest
sense.

The earlier workers on the genus Salpa, as was only natural, concen-
trated their attention largely on the musculature and it was in the main
on the differences found to exist in this system that they based their
schene of classification. Herdman (1891) divided the sub-order Hemi-
myarin [=Desmomyaria Claus] into the two families Salpidae and
Octacnemidae, the former comprising the genera Cyclosalpa, Salpa,
Thalia, Pegea and Jasts, and the latter the single genus Octacnemus.
Streit (1908), again basing his conclusions largely on the musculature,
attempted to split up the family Salpidae into what he considered to
b natural groups and, discarding the genera, T'halia, Pegea and Jasis,
includes all the forms in the family in the two subgenera Cyclosalpa
and Salpa, sub-dividing the latter sub-genus into two groups,
Polymyaria and Oligomyaria. Metcalf (1918) has made a very careful
study of the general anatomy of most of the known species and has,
as a result, succeeded in evolving a scheme of classification that,
based as it is on the structure of the animal as a whole and not merely
on one particular system, seems to me to be a sound one, and one,
woreover, that clearly reveals the relationships of the various sub-
genera to each other. He shows that, commencing with the more
primitive sub-genus Cyclosalpa, the various members of the family
have evolved along two diverging lines, the one embracing those sub-
genera that he includes in the group Sphaerodaea and the other those
belonging to the group Cercodaea. It is interesting to note that in
both lines of evolution there is, at any rate at first, a tendency towards
an increase both in the number of muscles present in the body and
in their complexity ; but in the Cercodaea this stage has again been
succeeded by the opposite phase and in the species furthest removed
from the p-imitive sub-genus Cyclosalpa we find a strongly marked
tendency towards a reduction in the bodily musculature, presumably
correlated with a more sluggish habit and a consequent nearer approach
to the condition of a truly planktonic organism.

It is unfortunate that successive authors have adopted very different
methods of nomenclature regarding the various groups of muscles in
the body. I have throughout the following pages followed the system
adopted by Metcalf, who divides the muscles into (@) an oral group,



1926.] R. B. Szymour SeEwEtLL : Salps of Indian Seas. 67

composed of sphincters and retractors, (b) an intermediate muscle,
usually connected with the oral system, but occasionally having more
the character of a body muscle, (¢) a series of body muscles, and (d)
an anal group, again consisting of sphincters and retractors. As regards
minor differences in the musculature of individuals of apparently the
same or very closely related species, I would utter a word of warning.
It must be remembered that, as Metcalf has pointed out, the various
species are possessed of a very considerable degree of plasticity and
therefore one must expect to find a certain amount of variability in the
individual both as regards the actual numbers of the muscle-bands
present and also in regard to the connections between neighbouring
bands. Furthermore, all the Salps are animals of very delicate struce
ture and constitution and in many the muscle-bands are extremely
delicate. Anything of the nature of increased tension or rough
handling may cause a rupture of the muscle-bands. One must there-
fore beware of concluding, because in any individual and especially in the
more rare species a muscle-band stops short and is not continued across
the middle line, as in many cases one finds to be the condition present
in the delicate sphincters of the oral aperture that it is the normal
condition for such an interruption to be present ; or again, if in one
example a connecting muscle band, that in others is found to run from
one body muscle to another or to the anal sphinctier, is found to be
absent, it is not safe to conclude that one is dealing with a new
variety or sub-species. If in such cases one finds the ends of the muscle
fibres abruptly and irregularly truncated and the line from end to end
continued by a blood sinus, one is, I think, justified in concluding that
in the natural state the two ends were continuous and that the inter-
ruption is due to injury either anie or post-mortem.

In the following table I have given the classification followed in this
paper, and have denoted the various species that are represented in the
collections of the Indian Museum.

HeMiMYARIA Herdman [=DesMmomyaria Claus].

DorrocropAEA.
Cyclosalpa (Symmetricales).
C. pinnata.
C. floridana.
C. affinis.
Cyclosalpa (Asymmetricales).
C. virgula.

SPHAERODAEA,
Apsteiniy (unrepresented).
Salpa (sensu stricto).
S. fusiformis.
S. mazima.
S. cylindrica.

CERCODAEA.
Brooksta.
B. rostrata.
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Ritteria.

R. amboinensis.

R. pictets.

R. hexagona.
Jusis.

J. zonoria.
Thalia.

T. democratica.
Thetys.
T vagina.
Pegea.

P. confoederata.
1'raustedtia.

T multitentaculala.

Group DOLICHODAEA.

Sub-genus Cyclosalpa Blainville.

[ VoL XXVIII,

M tealf (1918, p. 8) divides this sub-genus into two groups: (a)
Symn.etrical forms, Symmetricales, including Cyclosalpa pinnata and
its sc-called variety polae, C. affinis and C. floridana ; and (b) the
Asyminets icales, including -C. bakeri and C. wvirgula. All five species
have been recorded from the Indian Ocean, and in the Indian Museum
collection: T can find representatives of all, with the single exception
of Cyclosipa bakeri. Bomford (1913, p. 243) has recorded the occur-
rence of {'. bakeri in Indian waters, but his description of the speci-
men, which appears to have been mislaid, renders the identification
highly improbable and I believe he was mistaken, the specimenbeing «p

example of C. pinnata.

Cyclosalpa pinnata (Forskal).

Salpa pinnata, Traustedt, 1885, p. 353, pl. i, figs. 1-5.
Tyclosalpa pinnata, Herdman, 1888, p. 87.

JSalpe pinnata, Brooks, 1893, p. 2, pl. i, figs. 1—3, 5 and 6.

Cyclo «walpa pinnata, Traustedt, 1893, p. 5.

Cyclosalpa pinnata, Apstein, 1894, p. 4.

Cyclosalpa pinnata, Apstein, 1901, p. 9, fig. 8, a and b.
Qyclosalpa pinnata, Apstein, 1905, p. 247.

Oyclosalpu pinnata, Apstein, 1906, p. 160, figs. 1 and 2.
Cyclosalpa pinnata, Streiff, 1908, p. 11, figs. 1—4.
Cyclosalpa pinnata, Apstein, 1910, p. 8, figs, 11 and 12.
Cyclosalpa pinnata, 1hle, 1910, p. 17.

Cyclosalpa pinnata, Ible, 1912, p. 17, figs. 10 and 11.
Cyclosalpua bakert, Bomford, 1913, p. 243,

Cyclosalpa pinnata, Sigl, 1913, p. 223.

Cyclosalpa pinnaia, Metcalf, 1918, p. 9, pls. i and ii.

Cyclosalpa pinnata sub-sp. polae (Sigl).

Cyclosalpa polae, Sigl, 1912, p. 66, tigs, 1-9.
Cyclosal pa polae, Sigl, 1913, p. 225, pl. i, figs. 16-.

Cyclosalpa pinnate, sub-sp. polas, Metcalf, 1918, p, 26. figs. 13, 14.
The species appears to be of somewhat rare occurrence in Indian
waters, and not infrequently such specimens as are obtained are in bad
condition, indicating that they had died and were alreadv undergoing
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the process of decomposition. Hxamples were obtained at the following
stations :—

1. Solitary Zooid :
(@) A few examples at ““ Investigator ”’ Sta. 614, Nankauri Harbour,
on the following dates :—

Surface. January 22-23, 1922.1
10 fathoms. February 4-5, 1922.

(b) Five examples at ‘‘ Investigator ”’ Sta. 672, Revello Charnel,
Nicobars. Surface, April 7-8 and 8-9, 1925.

2. Aggregated Zoord :
Several examples were obtained at ““ Investigator ”’ Sta. 614,

Nankauri Harbour on the following dates :—
Surface. February 2-3, 4-5 and 6-7, 1922.
10 fathoms. February 4-5, 1922.

ul

U3, f

TexT-F168. 1.—Cyclosalpa pinnate, Indian form, from the doical side.

Solitary Zooid.—Every example obtained by the “Investigator ”
in Indian waters shows a constant difference from the type in that
there are only four pairs of Jateral or luminous organs present. In all
previous accounts of this species it is stated that five of these organs
are present on each side of the body situated in the interspaces between

p—

1Tt has been my custom on the Invest.igator"}’ to put out a tow-net, wken the
ship isatanchor, from 6 p.M. to 6 4.M. and to allow the tide to carry the surface organisms

ilxlxto]sit. All tow-nettings, therefore, unless specially stated to be otlerwite, aie right.
anls. )
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the body-muscles, the first lying between muscles I and II, and the
fifth between muscles V and VI. In all Indian examples the first pair
of these organs, lying between muscles I and II, is absent. Bomford
(1913, p. 243) in his note on Cyclosalpa bakeri remarks, ““ but the
‘lateral organs’ number only four on each side, there being none between
muscles 1and 2. Muscle 6 also does not seem to be continued into a
longitudinal band near the mid-dorsal line.” One is, I think, justified
in assuming from Bomford’s own description that he was dealing
with a member of this species and not C. bakert, and furthermore that
the absence of the first pair of lateral organs is a constant character of
the Indian race of C. pinnata.

TexT-r16. 2.—Cyclosalpa pinnata, Solitary form. Oral muscles, lateral view.

The ciliated funnel or dorsal tubercle also in this form appears
to differ somewhat from the normal or type. Metcalf figures it as
somewhat rosette-shaped, whereas in these Indian examples it is in the
form of a simple U (vide fig. 3,¢), very similar to thatin C. bakeri, and
we thus get a gradual simplification of this organ, as we pass from
the typical C. pinnata through C. polae to the Indian form.

A B. C.

TEXT-FIG. 3.—The ciliated funnel or dorsal tubercle in Cyclosalpa pinnata. A. Typical
form (after Metcalf). B. Sub-sp. polae (after Sigl). C. Indian form.

In all the present examples the arrangement of the muscle bands
agrees closely with Metcalf’s description and figures of C. pinnata. The
VIth body-muscle is not continued forward in the mid-dorsal line, but
is clearly interrupted, as are all the other body muscles. As regards
this character, therefore, the Indian form agrees with the type. The
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oral and atrial muscles also agree exactly with the type. The anterior
atrial sphincter is a well-developed loop, and is followed by a more
delicate sphincter that, to quote Metcalf (1918, p. 13), “is peculiar
in the fact that its ventral portio bends forwards, runs across the basal
sphincter on the inside and crosses the ventral line well toward the last
body-muscle at the level of the posterior ends of the two intestinal caeca.”

Tt seems clear that the solitary zooid, while exhibiting certain minor
racial characters, must undoubtedly be referred to the species Cyclo-
salpa pinnata.

Aggregated Zoovd.—In this generation the arrangement of the muscles
is extremely interesting for it agrees almost exactly with the description
and figures given by Sigl (1912, figs. 5 and 6 and 1913, Pl I. figs. 4
and 6 ) of the musculature in the sexual stage of Cyclosalpa polae.

The oral musculature in these Indian examples consists of a single
oral retractor from which arise the three sphincters of the lower lip.
I'rom the 1st body muscle arises a well-developed intermediate muscle,
that is joined, where it crosses the oral retractor, by the 2nd and 3rd
sphincters of the upper lip : a well-developed horizontal muscle also
joins it to the 3rd sphincter. In the fully-grown individual the 1st
sphincter of the upper lip is independent : it approaches close to but
does not actually join either the oral retractor or the intermediate muscle.
In a young example from the stolon, however, the connection is
complete.

The arrangement of the body-muscles in Cyclosalpa pinnata and
its so-called sub-species polae¢, is somewhat different. In the typical
form the ITIrd and IVth body-muscles are separated in the mid-dorsal
line by a somewhat narrow interval : both Metcalf (1918, Pl. I, fig. 3)
and Apstein (1910, fig. 11) are agreed upon this point. On the other
hand in C. polee and in my Indian'examples these two muscles are fused
together across the dorsal aspect. Streiff (1908, figs. 3 and 4) gives
figures of the arrangement of these muscles in both full-grown and
young forms. In the full-grown form the condition figured is that of
C. pinnate, the two muscles being separated, while in the young form,
taken from a well-developed stolon, the muscles are united, so that
the condition agrees with that found in C. polae. Attached to an
example of the solitary zooid taken at Sta. 614 was a well-developed
stolon, the terminal zooids of which were sufficiently well-developed to
enable me to make an examination of the muscle system, and a com-
parison of the figure given below with that given by Sigl (loc. cit.) shows
that the arrangement of the muscles is identical.

Had I been dealing solely with examples of the aggregated zooid
I should have had no hesitation in referring this form to the sub-species
polae but, as I have alrecady shown, the asexual generation must
be referred to C. pinnata. It is impossible, therefore, to distinguish
Cyclosalpa polae from C. pirnate even as a-sub-species, and much less,
as Sigl originally claimed, as a species. The characters shown by the
aggregated zooid of C. poluc appear to be those normally present in
the carly stages of development, but in the typical form certain
muscles, such as the 1st sphineter of the upper-lip and body-muscles 11T
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and 1V, become separated in later life. A similar separation of the body
muscles has been shown to occur, as development progresses, in the
case of certain other Salps, and the differences hetween the

4
@I
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[EXT-FIG. 4.—(A). A full-grown aggregated zooid of Cyclosalpa pinnata from Indier.
waters. (B). A young individual irom a well-developed stolon.

wggregated zooid of C. pinnata and . polae are merely due fto a
retention in the one throughout life of an infantile gharacter that is
sriginally common to both forms.

Cyclosalpa floridana (Apstein, 1894).

Cyclosalpa dolicosoma-virgula. Traustedt, 1893, p. 6.

Salpa floridana, Apstein, 1894, p. 9, pl. ii, fige. 1 to 4.
Cyclosalpa floridarna, Brooks, 1908, p. 75, pls. i and ii
Cyclosalpa floridana, Ihle, 1910, p. 19, pl i, figs. 1, 2 and 5.
Cy-losalpa floridana, Michaelson, 1915, p. 505.

Cyclosalpa floridana, Metcalf, 1918, p. 33, pl. iv, figs. 13 and 14, pl, v, figs. 15,
16 and pl. vi.

A single example of a young embryo was obtained by Dr. T. Southwell,
n a surface tow-netting taken on the Ceylon Pearl Banks on 19th
January, 1907 The occurrence of this rare species has been recorded
by Apstein in the western part of the N. Atlantic, by Brooks in
the neighbourhood of the Bahamas, by Metcalf in he Gulf of Mexico
%nd by Thle in the Malay Archipelago. 1t is clear in spite of its great
rarity that it has a very wide distribution. ‘
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Cyclosalpa virgula (Vogt).

Salpa dolicosoma-virgula, Traustedt, 1885, p. 360, pl. i, fig. 9.

[Not Salpa dolicosoma-virgula, Traustedt, 1893.]

Salpa virqula, Apstein, 1894, p. 4, figs. 1-5.

Salpa virgula, Apstein, 1905, p. 247, pl. xxvi, figs. 1 and 2.

Cyclosalpa virgula, Apstein, 1906, p. 161, figs. 5 and 6,

Cyclosalpa virgula, Streift, 1908, p. 15, pl. i, figs. 5, 7 and 8.

yclosalpa virgula, Michaelsen, 1915, p. 504.

Cyclosalpa virgula, Metcalf, 1918, p. 42, pl. xx, figs. 26-28, pls. xii, xiii, and figs
18-21.

The occurrence of this Salp in the Indian Ocean has been noted
previously on only one occasion, when the «“ Valdivia >’ obtained it, ap-
parently, in the region of the Chagos Archipelago. Apstein, however,
i8 by no means clear on this point ; in his Table, (1905, pp. 262-4) of
the occurrence of Salps, he notes that Cyclosalpa virgula was taken
at Sta. 223 (6° 19’S: 73° 18’K. Feb. 23, 1899] but in the previous table
(pp. 257-260) giving the details of the various hauls, he shows a single
example of the aggregate zooid of C. floridana, as the only Cyclosalp
obtained at this Station. Possibly the position of the figure I in the
column under the heading ‘ floridana ’ has been printed in the wrong
column and should be in the previous one under ‘ virgula.” It would
appear that only a single example was obtained.

In the “Investigator ’’ collection from Sta. 672, Revello Channel,
West side, Nicobars, March 6th-Tth, 1925, we have 32 examples of
the aggregated zooid. Both dextral and larval individuals are present,
the arrangement of the muscles in the latter being a looking-glass reflec-
tion of those of the dextral individuals. Unfortunately, none of these
examples is in a very good-state of preservation. In Text fig. 5 I give
the arrangement of the muscle-bands, so far as I was able to make them
out. They appear toagree very closely with the description given by

TexT-vi6. D - —Cy:losalpa virgala ; aggregated zooid ; viewed lrom the dorsal aspect,
a ‘left-handed individual.

Metcalf (1918) and it will be noticed that the posterior kranches of the
last body-muscle are united posteriorly, as Metcall showed.



74 Records of the Indian Museum. [ Vor. XXVIII,

Cyclosalpa affinis (Chamisso).

Salpa ayiuis, Trauvstedt, 1885, p. 367, pl. i, figs. 6-8.
Cyclosalpa affinis, Traustedt, 1893, p. &.

Salpa aiﬂinix, Apstein, 1894, pp. 4, 32.

Cyclosalpa affinis, Apstein, 1905, pp. 247, 260.

Cyclosalpa affinis, Ritter, 1805, p. 59, figs. 9-11.

Cyclosalpa affinis, Ritter and Byxbee, 1905, p. 196.

Cyclosalpa affinis, Apstein, 1906, p. 161, figs. 3, 4.

Cyclosalpa affinis, Ritter and Johnson, 1910, p. 395, pls. 1-4.
Cyclosalpa affinis, Thle, 1912, p. 19, figs. 12, 13.

Cyclosalpa affinis, Metcalf, 1918, p. 27, pl. iii and pl. iv, figs. 11, 12.

The occurrence of this species W Indian waters has already been
recorded by Apstein in his account of the Salps collected by the “ Val-

divia.” In the Indian Museum collection this species only occurs once,
as follows :—

*“ Investigator ”’ Sta. 672, Revello Channel, Nicobars, Surface, March
6th-Tth 1925 ; 19 examples of the aggregated zooid.

Aggregated Zooid—The present examples show certain small differences
from the account of the musculature given and figured by Metcalf (1918).
As this author remarks, there is a close similarity between Cyclosalpa
affimis and C. pinnata, but he figures (loc. cit., pl. iii, fig. 10) Cyclosalpa
affinis as having four sphincters in the upper lip and only two in the
lower ; whereas in C. pinnata there are threc in each. Ritter (1905
fig. 10, and p. 62) in his account states that there is *“ a well developed
band in each lip of the branchial orifice meeting in a wide angle on each
side ;” whereas later in collaboration with Johnson (1910, pl. ii, fig. 12)
he shows two sphincters in each lip. In my examples there are distinct-

TrxT-r10. 6—Cyclosalpa affinis ; aggregated zooid, from the left side.

ly thrce sphincters in each lip. The oral retractor muscle crosses ex-
ternally the intermediate muscle and the third sphincter and then at
a right angle gives off the 1st sphincter of the upper lip and divides into
the 1st and 2nd of the lower lip. The 3rd sphincter muscle appears to
touch, but not actually join with, the intermediate muscle ; above the
level of the oral retractor this muscle band divides into two, an anterior
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smaller portion, the 2nd sphincter of the upper lip, and a larger posterior
band, which is joined by the horizontal muscle and forms the 3rd
sphincter of the upper lip.

In all other respects these examples in the Indian Museum appear to
agree exactly with Mectcalf’s description.

Group SPHAERODEA.

Sub-genus Salpa (senso strictu) (Forskal).

The genus Salpa, as defined by Metcalf, contains only three
species, Salpa maxima, S. fusiformis and S. cylindrica, this latter
species being one of the most common inhabitants of Indian waters.

So close are the resemblances between these three species that there
can be no doubt that they form a natural group. Throughout the group
we find a marked tendency in the aggregated zooids to assume an elon-
gate fusiform shape. Such a shape is characteristic and may be con-
sidered normal in Salpa fusiformis, in which both anterior and posterior
protuberances are large though in both the type form and in the form
aspera they may be reduced. In S. marima these protuberances are
usually small, but in the so-called variety tuberculate they are as large
as in the normal S. fusiformis. 1In 8. cylindrica the aggregated zooid
is usually described as having only small conical processes extending
from the body at each end, while the test is more or less rounded. In
certain cases, however, one may capture a shoal of these individuals in
which oneé or both processes are enormously increased in size, so that the
general shape of the body and te.t closely resembles that of the normal
8. fusiformis. In such a shoal, in my experience, the extent of the in-
crease in length is not constant but within limits varies in differcnt in-
dividuals. It is ot improbable that these projections are gradually
developed as age and size increases; certainly this seems to be the
case in Jasis zonaria, in which the posterior conical projection is absent
in very small and young examples and progressively increases in length
with an increase in the size of the body.

Salpa fusiformis Cuvier.

Salpa runcinate-fusiformis, Traustedt, 1885, p. 370, pl. ii, figs. 29-31 and 42.
Salpa runcinata-fusiformis, Herdman, 1888, p. 74, pl. vi, figs. 5.12.
Salpe runcinata, Brooks, 1893, p. 12, pl. xliii, fie. 2.

Salpa runcinata-fusiformis, Traustedt, 1893, p. 5.

Salpa fusiformis, Apstein, 1894, pp. 14, 34.

Salpa fusiformts, Apstein, 1901, p. 7.

Salpa fusiformis, Apstein, 1805, p. 268.

Salpa fusiformis-runcinata, Ritter, 1905, p. 64, figs. 12, 13

Salpa fusiformis runcinata, Ritter and Byxbee, 1905, p. 197.

Salpa fusiformis, Farran, 1906, p. 11.

Salpa fusiformis, Streiff, 1908, p. 24, fig. 15.

Salpa fusiformis, Apstein, 1910, p. 4, tigs. 1 and 2.

Salpa fusiformis, Ihfe, 1910, p. 30.

Salpa fusiformis fusiformis, Ihlc, 1912, p. 39, fige. 87, 38.

Salp~ fusiformis, Bomford, 1913, p. 243.

Salpa fusiformis, S'gl, 1913, p. 237.

Salpa fusiformis, forma typica, Michaelsen, 1915, p. 505.

Salpa fusiformis, Mctcalf, 1918, p. 88, figs. 73-79.

Salpa fusiformis fusiformsis, Stiasny, 1919, p. 11, fig. 3.
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Salpa fusiformis form aspera (Clmmisso).

Salpa echinata, Herdman, 1888, p. 66, pl. v, figs. 1-10.

Salpa runcinata fusiformis, var. echinata, Apstein, 1894, pp. 14, 34.

Salpa fusiformis forma echinata, Ritter, 1905, p. 67, ﬁrs 14, 15.

Salpa fusiformis forma echinata, Apstein, 1905, pp. 250 68 pl. xxvi, figs. 4-6.
Salpa fusiformis-runcinata form a echinata, Ritter and Byxbee, 1905, p. 199,
Salpa fusiformis aspera, Ihle, 1912, p. 40, figs. 39, 40.

Salpa fusiformis form a aspera, Metca]f 1918 P- 92 figs. 80, 81.

The Indian Museum collection contains the following examples :—
Solitary Zooid—

(1) “ Investigator ” Sta. 166, Bay of Bengal, Lat. 13° 34’ 55" N. ;
Long. 80° 32’ 12"E, 133 fms. February 8th 1894, one
individual.

12) ““ Investigator ’ Sta. 670, Laccadive Sea, Lat. 5° 56’N.
Long 76° 22'E, 200 {ms. to surface. April 23rd, 1924.
Five examples ; test ridged but with little trace of denti-

culations.

(3) ““ Investigator ” Sta. 679, Revello Channel, Nicobars, Surface.
March 31st—April 1st, 1925.

One individual ; test ridged but with only slight degree
of denticulation, and one empty test typically echinate.

Aggregated Zoord—
(1) ““ Investigator > Sta. 387, off Cape Negrais, Burma, Lat. 15°
25'N. Long. 93° 45'E, 40-49 fathoms. November 16th. 1909,

(2) ““Investigator’’ Sta. 672, Revello.Channel, Nicobars. qurface
March 6-7th, 1925. 5 cxamples; all the aggregated zooids
obtained are of the normal type.

Ritter (1905, p. 68) has attenwipted to provide a sound basis on which
to separate the form aspera from the typical form in this species. He
concludes that “‘ a well-marked style or form of the species, which may
be called echinata, must be recognised, but that it is not a distinct per-
sistent variety, as Apstein has treated it, much less a species as Herdman
concluded from his study of the Challenger material.” According to
Ritter the most striking difference between the type and the form aspera
is to be found in the VIIIth and IXth body-muscles, which unite dor-
sally in the typé but do not even converge in the form aspera. This
divergence in the musculature he believes to be associated with age and
he considers the form aspera to be anold-age form of the typical fusi-
formas.  Farran (1906, p. 11) agrees with Ritter in inclining to the belief
that the rough-tested form is an older stage of the smooth form, but
he bases his conclusion on measurements of the length of the body and-
test in both forms, and not on any difference in the musculature, since,
as he points out, ““ the musculature of the echinate form is quite in
agreement with the typical fusiformis, but gives the appearance of the
bands being thicker owing to the shortening of the animal.”” Metcalf
(1918, p. 92) points out that the musculature andall the internal struc-
ture, including the character of the eyes, arc practically identical in
S. fusiformis and its form aspera in both the solitary and aggregated
individuals. The aggregated zooids, as he remarks, of both the typical
form and the form aspera may have either an elongate shape, such as
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that originally described in 8. fusiformis or a short form, such as that
usually associated with the form aspera. KEven the denticulate nature
of the test, the character on which the form was originally founded,
does not appear to provide a valid basis for the separation of the form
from the type. Ritter (1905, p. 69) remarks that it is doubtful if denti-
culations are ever wholly absent in S. fusiformis : “ certainly >’ he says,
“if it is, it is so only exceptionally,”” and Metcalf, who has examined
a large number of examples, states that there is a complete intergrada-
tion between the smooth and the most spinose.

Apstein (1905, p. 268) considers that the form aspera is the cold-water
form of the type and according to him, with the exception of one single
example, it was only taken by the ¢ Valdivia ”’ when working in deep
water with vertical nets hauled from some considerable depth. This
suggestion, however, cannot be accepted. In the United States Na-
tional Museum are echinata examples that were captured on the surface
in the Sulu Sea, Philippine Islands, where the temperature of the water
was 80°F (=26-7°C) and in the China Sea, where the surface-temperature
was T8°F (=256°C). Thl: also records its occurrence in the Malay
Archipelago on the surface in warm water and Agassiz obtained it on
the surface in the tropical part of the Pacific Ocean in Lat. 4° 30" to 6°
41" N. Long.'136° 54’ to 137° E. Under the circumstances it seems im-
possible to justify any separation, even as a distinet form, of those with
a spinose test from those with a smooth one, though it is possible that
Rifter and Farran are right in their belief that the spinose character is
a mark of age.

Salpa cylindrica Cuvier.

Salpa cylindrica, Traustedt, 1885, p. 377, pl.i, fig .22 and pl. ii, figs. 36-37 and 43,
Salpa cylindrica, Herdman, 1888, p. 72, pl. vii, fig. 10.

Salpa cylindrica, Brooks, 1893, p. 12, pl. iii, figs. 5-7.

Salpa cylindrica, Traustedt, 1893, p. 6.

Salpa cylindrica, Apstein, 1894, pp. 16, 35.

Salpa cylindrica, Apstein, 1905, pp. 246, 266, pl. xxvii, fig. 7.
Salpa cylindrica, Ritter, 1905, p. 79, fig. 22.

Salpa cylindrica, Ritter and Byxbee, 1905, p. 199.

Salpa cylindrica, Apstein, 1906, p. 163, figs. 9, 10.

Salpa cylindrica, Ihle, 1910, p. 31.

Salpa cylindrica, Ihle, 1912, p. 41.

Salpa cylindrica, Bomford, 1913, p. 243,

Salpa cylindrica, Michaelsen, 1915, p. §05.

Salpa cylindrica, Oka, 1915, p. 31.

Salpa cylindrica, Metcalf, 1918, p. 93, figs. 82-89.

Salpa cylindrica, Stiasny, 1919, p. 12, fig, 4.

Salpa cylindrica is undoubtedly one of the most common species in
Indian waters. With the single exception of Thalia democratica it occurs
in larger numbers and in more hauls of the tow-net than any other Salp ;
it is therefore well represented in the Indian Museum collection. Ex-
amples have been taken at the following stations :—

Andaman Sea, ? date, numerous examples of the solitary form.
Andaman Sea, Burma Coast, Surface, 1911.
January 3-4 several examples.
,,  4-b numerous examples.
s 18-20 a few examples.
»»  28-29 a few examples.
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February 1-2 a few examples.
,,  6-8 afew examples.
,s 8-10 large numbers, 100.
,,  10-11 large numbers, 5560 examples.
’ 12-13 to 17-18 a few examples.
. 19-20 and 21-22 a few examples.
March 2-3 numerous examples.
,, 7-18 several examples.
April 4-5 numerous examples.
“ Investigator” Sta. 402, Mergui Archipelago, 13° 2'N; 98° 25'E,
Surface, November 15-16, 1911.

. ,, 4715, Off entrance to Mergui Harbour, Surface,
December 20, 1912.

. ,, 476, Off entrance to Mergui Harbour, Surface,
December 20-21, 1912.

" ,, 484, Burma Coast, 13° 23’ 30"N ; 97° 53'E, Sure

face, December 31, 1912-January 1, 1913,
" ,, D16, Burma Coast, Surface, February 24, 1913.
. ., 530, Burma Coast, 12° 20’'N ; 97° 56’E, Surface.
April 4-5, 1913.
. ,, D44, Burma Coast, 13° 1’ 15"N; 98° 29’ 30"E
Surface, October 15-16, 1913.
) ,, D88, Burma Coast, 11° 25’ 10"N; 98° 35'R,
Surface, February 9-10, 1914.

. ,, 991, Burma Coast, 11° 16" 15"N ; 98° 38’ 30"E,
Surface, February 20-21, 22-23 and 23-24,
1914. '

" ,, D96, Burma Coast, 11° 12'N; 98° 35" 30"E,
Surface, March 8-10, 1914.

” ,, 997, Burma Coast, 11° 09" 05”N ; 98° 35’ 07"E,
Surface, March 10-11, 1914.
s ,, 604 Burma Coast, 11° 17" 20"N ; 98° 29’ 40"E,

Surface, March 28-29 and 29-30, 1914.
. ,, 606, Burma Coast, 11° 24’ 10"N ; 98° 27’ 50"E,
Surface, April 1, 1914.

. ,, 614, Nankauri Harbour, Nicobars, Surface, Janu-
ary 19-20, 22-23 and November 3-4, 1922.

. ,, 631, Nankauri Harbour, near W Entrance,
Surface, December 19, 1922.

’ ,, 632, Anchorage off Mus, Car Nicobar, Surface,
December 22, 1922.

" ,, 672, Revello Channel, Nicobars, W side, Surface,
March 6-7, 1925.

. ,, 679, Revello Channel, Nicobars, E. side. Surface,

March 31—April 1, 1925.

Solitary Zootd.—The gelatinous test is thicker on the ventral than
on the dorsal side. It presents in a well-preserved example seven ridges
running longitudinally, of which two are dorsal, two lateral, and three
ventral. The dorsal ridges are further apart at the anterior end of the
test than at the posterior end ; as one traces them backwards they diverge
slightly and then bend towards the middle line to as to approach each
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other. Of the ventral ridges the median one runs back for about §th
tie length of the test and then divides into two, which bend outwards
towards the ventro-lateral angles of the posterior margin. The paired
ridges are situated near the middle line anteriorly, but diverge from
e.Lch other as one follows them backwards.

Anterio:.

Posterior
TEXT-F16. 7.—The test of Sulpa cylindrica, from the ventralaspect. showing theridges.

The musculature in this species appears to be particularly variable
in character. Metcalf (1918, p. 95) describes the oral system as consist-
ing of an oral retractor which gives rise to two sphincters of the lower
lip and is connected with the 1st sphincter of the upper lip ; a broad
independent 2nd sphincter of the upper lip, and the intermediate muscle,
both of these latter lying internal to the retractor. From mnear the
dorsal end of the intermediate musele a short horizontal musele runs
forwards.
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TEXT-FIG. 8.—The arrangement of the muscles in 8. eylindrica, from the right side.

‘In two examples examined by me, both of which were large
and measured about 4'5 cm. in length, there was an additional sphincter
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in the upper lip. The broad oral retractor, after crossing the intermediate
musele and the 3rd sphincter of the upper lip, gives off a short 2nd
sphincter, which ran in one example, as in the case of the same musele
in the aggregated form, but a little way beyond the angle of the mouth ;
in the second example the muscle appeared to be continuous across the
middle line. The retractor finally divided into the 1st sphincter of the
upper lip and the Ist and 2nd sphineters of the lower lip, all three of
which are continuous across the middle line. This abnormal condition
of the oral muscles shows a very clear approximation to the condition
found in the other two species of the sub-genus.

h .

TEXT-FIG. 9.—Showing an unusual extra sphincter in the upperlip of 8. cylindrica, from
the left side.

The body-muscles also exhibit a considerable range of variation
both in the number of such muscles, several examples possessing ten
instead of nine, and especially as regards the connections of the first
four. In the normal condition the first four muscles are in contaet
with each other in the mid-dorsal line, but this is not always the case.
In text-fig. 10 I have given the arrangement of these muscles
in four different individuals examined by me.

At the one end of the series (fig. A) the first three muscles
are connected together, strands of muscle passing diagonally from one
muscle band to the other in a manner very similar to that found in the
dorsal anastomosis of the muscles in the genus Riteria. In the next
two examples there is an obvious asymmetry ; in both cases the muscles
are connected in two groups, an anterior and a posterior. In fig. B
the anterior group, composed of two body-muscles, is symmetrical, but
in the posterior group the IIlrd and IVth bands unite in the middle line
but on the right side the IVth band appears to be composite and to
consist of the fused IVth and Vth bands. In fig. C both anterior and
posterior groups are asymmetrical. The anterior group consists of
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three muscle bands on the right side and only two on the left. This is
tollowed on the right side by a single band which splits in the middle

=

TEXT-FIG. 10.—Showing variation in the connections of the anterior four or five
body-muscles in Salpa cylindrica (solitary zooid).
line into two ; thus equalising the number of bands present on the two
sides. The last type (Text-fig. D) is interesting as it forms a close link
with Salpa mazxvma. Streiff (1908, p. 23), with regard to this latter
species, remarks ““ Die Muskeln sind parallel, manchmal nihern sich die
3 ersten Muskeln ein weing i1 der dorsalen Median line,besonders nahe
riickt der 1 an der 2 heran.” It is only a very small step further for
the Ist and IInd muscles to fuse together in the dorsal region as in
the above example of S. cylindrica. This latter arrangement of the
muscles also appears in my examples to be associated with the presence
of an extra body muscle, there being in each case ten instead of nine such
bands. In one specimen there was on the right side a cross-connection
between the VIIIth and the IXth body muscles, which may possibly
indicate that the extra muscle is derived by a splitting of muscle VIII
into two. Examples of this last type of musculature appear to be by no
means uncommon in Indian seas, and were obtained at three different
stations, as follows :—
‘“ Investigator ” Sta. 632. Off Mus, Car Nicobar, Surface, December
23, 1922.
“ Investigator > Sta. 668. Revello Channel, Nicobars. Surface,
February 18-19, 1924.
“ Investigator ”’ Sta. 679. Revello Channel, Nicobars. Surface,
March 31-April 1, 1925.
In all cases the arrangement of the oral and anal musculature
was characteristic of S. cylindrica, as figured by Metcalf, so that I have
no doubt that they were examples of this species.

IS

K
)

TexT-FI16. 11.—Showing unusualarrangement of hody musclesin Salpa cylindrica.
Aggregated Zooid.—The aggregated zooids are usually described as
having a roughly oval test into which small hollow conical protrusions
B
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from the body project in a slightly asymmetric manner, the asymmetry
depending onwhether the individual is from the right or left side of
the stolon. This is certainly the usual condition in examples from
Indian seas, but a collection of aggregated zooids, numbering several
hundreds, made by Dr. S.W Kemp off the end of the mole at Goa,
consists entirely of individuals possessing a markedly elongate, fasiform
shape that very closely resembles the condition normally present in
Salpa fusiformss. 1In all these examples (vide fig. 12) the test is drawn
out into long tapering processes, that at the posterior end being usually
rather the longer of the two. At first sight these specimens might be
confused with the aggregated zooid of S. fusiformis, but the arrange-
ment of the muscle bands in the body leaves no shadow of doubt that
they were S. cylindrica. Out of 54 examples examined, 29 showed a
right-handed asymmetry and 25 a left-handed.

TEXT-FIG. 12.—An elongate form of the aggregated zooid of Salpa cylindrica
from the right side of the stolon.

As Metcalf (1918, p. 97) has pointed out, the arrangement of the
muscles in the oral group is a complicated one. According to him the

hm

Texe-F16. 13.—Showing the two sets of muscle-fibres in the oral group of muscles of
Salpa cylindrica (aggregated zooid).

Inain ora,l.retractor consists of two sets of musecle fibres, an antero-ventral
group which supplies fibres to all three sp incters in each lip and a
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postero-dorsal group that runs to the 1st and 2nd sphincters of the upper
lip and the first sphineter of the lower lip only. My examples show
this very well and, moreover, they show a point overlooked by Metcalf,
namely, that these fibres of the postero-dorsal group arise as a separate
little bundle from the anterior margin of the intermediate muscle.

Salpa maxima Forskal.

Salpa africano-mazxima, Traustedt, 1885, p, 374, pl. ii, figs. 32 —34 and [44.45].
Salpa africano-maxima, Herdman, 1888, p. 83.
Salpa maxima, Brooks, 1893, pl. iv, fig. 2.

Salpa africano-maxima, Traustedt, 1893, p. 6.
Salpa africano-mazima, Apstein, 1894, pp. 15, 35.
Salpa mazxima, Apstein, 1901, p. 10, fig. 9 (a)and (b).
Salpa maxima, Apstein, 1905, p. 266.

Salpa maxima, Apstein, 1906, p. 164, figs. 11, 12.
Salpa maxima, Streiff, 1908, p. 21, pl. ii, figs. 11, 14.
Salpa maxima, Apstein, 1910, p. 8, figs. 9 and 10.
Salpa maxima, Ihle, 1912, p. 32, figs. 36 and 36.
Salpa maxima, Sigl, 1913, p. 234.

Salpa mazima, Michaelsen, 1915, p, 505.

Salpa maxima, Metcalf, 1918, p. 83, figs. 64—72.
Salpa maxima, Stiasny, 1919, p. 8, figs. 1 and 2.

This species appears to be rare in Indian seas. Neither the ¢ Siboga *
nor the < Valdivia” obtained examples in these waters. Two examples
of the aggregated zooid were taken by the * Investigator ” at Sta.
682, Laccadive Sea ;10° 26'N ; 74° 32’ 30"H., 70U fathoms to surface,
April 28, 1925. Both examples were of the normal type.

In view of the tendency throughout the whole genus for the length
of the aggregated zooid to vary, thus producing at one end of the scale
short, oval zooids with but small anterior and posterior projections, and
at the other elongate zooids with enormously long projections, this
character can hardly be regarded as a safe one on which to create a new
variety. Nor can the presence of an echinate condition of the test be
looked upon as a valid eriterion, since, as Metcalf himself has shown in
the case of the form aspera of Salpa fusiformis, we may find all stages
of intergradation, if the collection of specimens is sufficiently large.
Moreover, this occasional echinate condition of the test, either in general
throughout its whole area or in certain definite areas, has been found to
occur in other species in other gemera and in both aggregated and
solitary zooids ; for instance, it is found in the aggregated zooid of Thalia
democratica, where the test may be echinate .and may al.o have an
elongate posterior projection, and in the solitary zooid of the same
species, in which the posterior processes of the test may all bear dendi-
culations. Similar denticulations are found on the posterior processes
of the test in Ritleria hexagona. Under the circumstances I do not
consider that Metcalf is justifiel in creating the variety tuberculata
and I am incline _to think that in all probability the condition is of
exactly the same nature as the aspera form in Salpa fusitormis.

B2
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Group CERCODAEA.
Sub-genus Brooksia Metcalf.

Brooksia rostrata (Traustedt).

Salpa rostrata, Traustedt, 1893, p. 8, pl. i, figs. 1—4.

Salpa rostrata, Apstein, 1894, pp. 16, 36, pl. ii, figs. 9, 17—19.
Salpa rostrata, Streiff, 1908, pp. 21, 69.

Salpa rostrata, Ihle, 1910, p. 27, pl. i, fig. 17.

Salpa rostrata, Ihle, 1912, p. 30, figs. 24 and 25.

Salpa rostrata, Sig), 1913, p. 248.

Brooksia rostrata, Metcalf, 1918, p. 50.

A single example of the solitary zooid of this species, in rather bad
condition, was obtained at ‘‘ Investigator ”’ Sta. 614, Nankauri Harbour,
Nicobars, at the surface, on February 11-12, 1922 : and a further frag-
ment, also in bad condition, at ‘“ Investigator >’ Sta. 672.

Judging from the condition of both examples of this rare species
death had occurred and decomposition set in prior to their capture. The
condition of the fragment, however, was such that I could make out the

connections of the oral and body musecles.

Texr-713, 14,—The oral and anterior body muscles in Brooksia rostrata from the side.

As Metcalf (1918, p. 51) has pointed out there is considerable dis-
agreement between the accounts of this species as given by Traustedt
(1893) and Apstein (1894). According to the earlier account the body
muscles are described and figured as being separate from each other,
whereas Apstein shows the first three body musecles as fused together
across the mid-dorsal line and the intermediate muscle joining the Ist
b>dy muscle near the dorsal aspect. It is possible that these differences
may be due to the existence of two distinct species, but as regards this
point a decision cannot be made until further material of this rare
form has been obtained and carefully examined.

In the present examples the arrangement of the muscles in the
anterior region of the body agrees almost exactly with Apstein’s descrip-
tion of the embryo. There is a well marked oral retractor musel: that
can be traced back across the intermediate muscle to become attached
to the Ist body musele; anteriorly the retractor gives off asingle sphincter
to the upper lip (#!) and two sphincters to the lowe lip (I* and %),
all of which are continuous from side to side. Between these sphincters
and the intermediate muscle lies a strong muscle that appears to corres-
pond with the third sphincter. It is continuous across the mid-dorsal
line and on each side passes internally to the retractor musclé;
it 1s in close contact with the intermediate muscle and then widening
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out into a broad band it sweeps downwards and forwards along the great
antero-ventral projection that is so characteristic a feature of the species.
A comparison of Text-fig. 14, showing the arrangement of the oral group
of muscles in Brooksia rostrata, with Text-fig. 15 shows that there is a
striking resemblance between this species and Ritteria amboinensis.
In my specimen the intermediate muscle joins the Ist body muscle high
up in the lateral region of the body and, as Apstein described and figured
them, the first three body muscles are all fused together in the mid-dorsal
Tegion.

Sub-genus Ritteria Metcalf.

Ritteria amboinensis (Apstein).
Salpa amboinensis, Apstein, 1904, p. 651, pl. xii, figs. 2-10.
[Not Salpa amboinensis, Apstein, 1906.]
Salpa amboinensis, 1hle, 1910, p. 34, pl. i, figs. 7-15.
Salpa amboinensis, 1hle, 1912, p. 44, figs. 45-47.
Ritteria amboinensis, Metcalf, 1918, p. 86, figs 29—34.

A few examples of the solitary zooid of this rare species were obtained
at *“ Investigator ” Sta. 672, Revello Channel, Nicobars ; Suiface, March
6-7, 1925.

As T have already remarked, the musculature in these animals is
liable to vary and this species proves to be no exception. Metcalf has
described and figured the oral musculature as consisting of an oral
retractor, which connects in front with the 1st sphincter of the lower lip
and assists in the formation of the 2nd sphincter, most ot the fibres of
this latter muscle, however, being continued round the angle of the mouth
to form the 1st sphincter of the upper lip ; the 2nd and 3rd sphincters
of the upper lip are continued ventrally across the retractor muscle as
the 3rd and 4th sphincters of the lower lip. All my examples, however,
appear to difler from this description, though the distinguishing
feature may be apparent rather than real. In no case could I discover
any trace of the band that forms the 2nd sphincter of the lower and the
st sphincter of the upper lip. The oral retractor, which is distinctly

Hoom vV o vioVIovh X X-XL

TEXT-F10. 15.—Ritteria amboinensis, from the left side,

double at its proximal end, crosses the 3rd sphincter muscle, which
forms a continuous ring round the oral orifice, and then appears to divide
into three branches, one of which forms the 1st sphincter of the upper
lip, while the other two run to the lower lip. The body muscles also
exhibit a certain degree of variation for, whereas in two examples this
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portion of the musculature was as described by Metcalf, in a third
specimen the usual cross-connections between succeeding muscles in
the mid-dorsal line were indistinguishable and the IXth body muscle on
the right side divided into two broad bands (vide Text-fig. 16).

V. WL g

TEXT-F1G. 16.—Ritteria amboinensis, from the right side, showing an abnormal
arrangement of the body muscles.

Ritteria picteti (Apstein).

Sal pa picteti, Apstein, 1904, p. 655, pl. xii, fig. 12.

Salpa picteti, Apstein, 1906, p. 2562, pl. xxvii, figs. 18, 18(a).
Salpa picteti, Ihle, 1910, p. 43, pl. i, fig. 16.

Salpa picteti, Thle, 1912, p. 46, figs. 49, 50.

Ritteria picteti, Metcalf, 1918, p. 55, figs. 26-28.

Our knowledge of this rare species is still confined to the solitary
zooid. A single example of this form was taken at ¢‘ Investigator ’ Sta.
670, Laccadive Sea, 5° 56'N ; 76° 22’E, 0-200 fathoms, April 23, 1924,
and another at ‘‘ Investigator ” Sta. 672, Revello Channel, E. side,
Nicobars, March 6-7 1925.

The arrangement of the oral musculature is interesting in that it
appears to agree closely- with the description given by Metcalf of the
muscles in the closely-related species Ritteria amboinensts, though not
with my examples of that species. There is a well-developed inter-
mediate muscle, which does not connect with the 1st body muscle, and
which is, like all the succeeding muscles, interrupted ventrally. Lying
in front of this and forming, as in R. amboinensis, a complete hand
around the oral aperture is a broad sphincter muscle, forming the 3rd
sphincter of the upper lip and the 4th sphincter of the lower. Crossing
these two muscles is the oral retractor which gives off a branch to the
upper lip, the 1st sphinecter, and two to the lower lip, the 1st and 3rd
sphincters. The 2nd sphincter of thelower lip passes upwards deeply
to the oral retractor and is continued round the angle of the mouth as
the 2nd sphincter of the upperlip ; its course in the upper lip is a short
one and the muscle is widely interrupted across the middle dorsal region.
It will be noticed that in this species it is apparently the 2nd sphincter
of the upper lip that is short and interrupted, whereas in the descriptions
of R. amboinensis it is stated to be the 1st sphincter that exhibits this:
character. There appears, however, to be some discrepancy between
Metcalf’s account and his figures 29 and 30. The difference between
the rrangement of the sphincters in R. picteti and R. amboinensis is
apparent rather than real due to the crossing of the first two sphineter
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muscles of the upper lip in the latter species. The 3rd sphincter of the
lower lip appears to be entirely derived from the retractor muscle.
I, however, found the muscle fibres extremely difficult to trace across
the point where they all converge and it is possible that the 1st upper
sphincter and the 3rd lower, are continuous, at least in part. The differ-
ence in the character of the 1st two sphincters of the upper lip in this
species and R. amboinensis may be due to an infolding of the upper lip,
in which case the muscle which I have termed the 1st sphincter would
in reality be the 2nd and the resemblance to R. amboinensts would thus
be complete.

wd I

TEXT F16. 17.—Ritteria pictett, lateral view of oral muscles.

In both my examples there are twenty-one body muscles, all of which
are interrupted ventrally, and the anterior three are in close union with
each other in the mid-dorsal region. Apstein (1904) originally showed
21 body muscles present, while in a second example (1906) he subsequent-
ly shows 26. The number of body muscles would therefore appear to be
variable.

Ritteria hexagona (Quoy and Gaimard).

Salpa hexagona, Traustedt, 1885, p. 385, pl. i, figs. 14-17.
Jasis hexagona, Herdman, 1891, p. 63.

Salpa hexagona, Brooks, 1893, pl. iii, figs, 1 and 4;
Salpa hexagona, Apstein, 1894, p. 20.

Salpa hexagona, Apstein, 1904, p. 655.

Salpa hexagona, Apstein, 1905, p. 252.

Salpa kexagona, Apstein, 1906, p. 168, fig. 21.
Salpa hexagona, Ritter and Byxbee, 1905, p. 200.
Salpa hexagona, Ihle, 1910, p. 32, fig. 6.

Salpa hexagona, lhle, 1912, p. 42, figs. 43 and 44.
Salpa hexagona, Bomford, 1913, p. 244.

Salpa hexagona, Oka, 1915, p. 30.
Riiteria’hexagona, Metcalf, 1918, p. 62, figs. 35-47.

The occurrence of this species in Indian waters has already been
recorded by Bomford (1913) and Oka (1915). The collections in the
Indian Museum contain the following examples :—

Solitary Zoord—

1. Andaman Sea, off Port Blair, 244 fathoms, November 29, 18¢8.
one specimen, 70 mm. in length,



88 Records of the Indian Museum. [ Vor. XXVIII,

2. ¢ Investigator ’ Sta. 166, 13° 34’ 55"N ; 80° 32’ 12"E, 133
fathoms, February 8, 1894, one specimen (Oka records
two, but the second is an example of Jasts zonaria).

3. < Investigator * Sta. 323, Bay of Bengal, 16° 25’N ; 93° 43’
30"E, 463 fathoms, December 21, 1903, one specimen, 73
mm. in length.

4. “ Investigator ” Sta. 361, Arabian Sea, 13° 9’ 27"N; 46°
45’ 15"E, 540 fathoms, March 24, 1906, one specimen,
77 mm. in length.

5. “ Investigator ’ Sta. 393, Bay of Bengal, 7° 21’ 06"N ; 85° 07"
15”E, 400 fathoms, October 21, 1911, one specimen, 73 mm.
in length.

6. < Investigator > Sta. 611, Laccadive Sea, 9° 34" 18"N; 75°
37 48"E, 167-180 fathoms, April 26, 1914, one specimen,
82 mm. in length.

Aggregated Zoovd—

7. < Investigator ”’ Sta. 13, Andaman Sea, off Port Blair, 265
fathoms, April 25, 1888 Three specfmens.

8. Andaman Sea. ? date. Three specimens.

These examples of both the solitary and aggregated generations
agree closely with the descriptions given by Metcalf and others. The
posterior processes of the test in the solitary zooid appear to exhibit a
certam degree of variation. Metcalf (1918, p. 67) describes these as

““ conical denticulate protuberances ;”’ in most of the Indian examples
these processes are ridged, five ridges running longitudinally along the
length of the process and giving it a pentagonal cross-section. Apart
from the somewhat irregular edges of these ridges there are no denticula-
tions present. Another character in which these processes vary is in
their length, relative to the length of the body. This appears to be a
question of age, as they are much longer relatively in small examples
than in big ones ; thus in examples having a length of—

30 mm. these 1 ! ycesses are 1 of the body length

: 1
57 »» 9 3 39 B 9 2 ”
75 [Y) 9 2 [3] 6 39 9 ) 2
4
110 ) 3. » X XY ) ”

Sub-genus J sis Herdman.

Jasis zonaria (Pallas).

Salpa cordiformis-zonaria, Traustedt, 1885, p. 382, pl. i, figs. 18-21.
Salpa nitida, Herdman, 1888, p. 81.

Jasis cord- formis-zonaria, Herdman, 1891, p. G47.

Salpa zonaria, Apstein, 1894, pp. 19, 36.

Salpa cordzformze Brooks, 1893 pl. iij, fig. 23 ; pl. iv, figs. 5 and 6.
Salpa cordiformis-zonaria, Tmustedt 1893, p. 6.

Salpa zonaria, Apstein, 1901 p. 10.

Salpa zonaria, Apstein, 1905 p. 273.

Salpa zonaria cordzformzs, Ritter, 1905, p. 78, figs. 20, 21.

Salpa zonaria cordiformis, Ritter and Bvxbee, 1905, p. 199.

Salpa zonaria, Apstein, 1906, p. 173 figs. 32 and 33

Salpa zonarza Tarran, 1906

Salpa zonaria, Streiff, 1908, p 44 ﬁc. K, pl. iv, fig. 33,

Salpa zonaria, Apstein, .1910, P 7 ﬁgs. 7 and 8.

Salpa zonaria, Thle, 1910, p. ¢8.
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Salpa zonaria, 1hle, 1912, p. 54, figs. 60 and 61.
Salpa zonaria, Bomford, 1913, p. 245.

Salpa zonarta, Sigl, 1913, p. 251.

Salpa cordiformis- zonc ria, Oka, 1915, p. 30.

Jasis zonaria, Metealf, 1918, p. 100, figs. 90-103.
Salpa zonaria, Stiasny, 1919, p. 18,
This species, which appears to he of comparatively common occur-
rence in Indian Seas, is represented in the Indian Museum collection by
the following specimens :—

Solitary Zooid—

1. Bay of Bengal, 65 fathoms, ? date. 9 specimens.

2. ““ Investigator ”’ Sta. 11, W S. W of Gt. Nicobar Is. ; 5° 56'N ;
91° 05'E, 1590 fathoms, April 19, 1888. 2 specimens.

3. ‘“ Investigator ” Sta. 15, N. of Port Blair, Andamans, 244
fathoms, November 29, 1888. 1 specimen.

4. “ Investigator ’ Sta. 135, Arabian Sea, 15° 29'N; 72¢ 41’E., 559
fathoms, May 4, 1892. 1 specimen.

5. < Investigator ” Sta. 393, Bay of Bengal, 7° 21’ 06"N ; 85° 07’
15"E., 400-0 fathoms, October 21, 1911. 1 specimen.

6. < Investigator ”’ Sta. 613, Arabian Sea, 15° 51’ 45"N ; 73° 31’
40"H, Surface, May 1-2, 1914. 24 specimens.

7. ¢ Investigator ’’ Sta. 614, Nankauri Harbour, Nicobars, Sur-
face, January 22-23, 1922. 3 specimens.

8. ¢« Investigator ” Sta. 668, off Dring Harbour, Camorta Is.,
Nicobars, Surface, February 18-19, 1924. 1 specimen.

9. “ Investigator ’ Sta. 670, Laccadive Sea, 5° 56’ N ; 76° 22'E.,

0-200 fathoms, April 23, 1924. 1 specimen.

10. ¢ Investigator * Sta. 679, Revello Channel, Nicobars, Surface,

March 31-April 1, 1925. 1 specimen.

Aggregated Zooid—

W

"

5

1.
2

Andaman Sea, ? date. 1 specimen.

“ Investigator >’ Sta. 613, Arabian Sea, 15° 51’ 45” N. 73° 31’
40"E, Surface, May 1-2, 1914. 15 specimens.

“ Investigator > Sta. 670, Laccadive Sea, 5° 56'N ; 76° 22’E.,
0-200 fathoms, April 23, 1924. 3 specimens.

“ Investigator ”’ Sta. 672, Revello Channel, Nicobars, Surface,
Marvch 6-7, 1925. 3 specimens (small).

‘ Investigator > Sta. 679, Revello Channel, Nicobars, Surface,
March 31—Abpril 1, 1925. 5 specimens.

It is interesting to compare the numbers of this species obtained in
different months. In the following table I have given these for both
solitary and aggregated zooids during each month of the Survey season,
the haul on March 31-April 1 being included in the month of April.

@ 5 >
% '% g S g § ‘g >
S|2|&8|8|2 2|53
Solitary Zooid 1 1 3 1 4 25
‘Aggregated Zooid . .. .. R 3 8 15
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Thes: figures clearly indicate that the breeding season of this species
occurs during the early months of the year, and that the numbers present
in the surface waters is at its maximum in May or but little later. This
is also corroborated by the small size and, therefore, presumably young
condition of the three examples of the aggregated zooid captured in the
month of March.

As regards their general structure these specimens agree well with the
descriptions given by previous authors. = Metcalf points out that
there are certain discrepancies in the account of the oral musculature
given by Streiff and in the examples that he examined. In the solitary
zooid my examples agree very closely with the description and figures
given by Metcalf (1918, p. 102, figs. 90 and 91).

In the case of the aggregated zooid, Metcalf and Streiff again disagree
in their accounts. Metcalf (1918, p. 106) says “ the condition of the
oral musculature, in the very numerous individuals among my
material, is considerably different from that figured and described by
Streiff. I find no delicate second sphincter in the lower lip, such as he
describes, and the dark coloured muscle at the angle of the mouth is
situated more distally in my specimens.”” I have carefully examined
several examples in the *“ Investigator *’ collection and find Streiff to be
correct: There is a double intermediate muscle, and lying external
to this is an oral retractor that gives rise to two sphincter muscles, one in
eachi lip ; a second delicate sphincter arises, as Streififigures it, at or near
the point of bifurcation and crosses below the main sphincter of the lower
lip to form a second delicate bundle running from side to side : from the
same point, though Streiff does not show it, a still more delicate slip of
muscle passes from the point of bifurcation for a short distance upwards
towards the upper lip. At the level of the posterior end of the oral re-
tractor and running dorsally for a short distance is another delicate
muscle bundle. The antero-posterior relationships of the various muscles
appears to differ in different individuals, probably depending largely on

im!

TexT-F16. 18 —Ot8] musculature of Jasis zonaria, aggregated zooid, frcm within

the degree of shrinkege of the tissues in the process of preservation ;
in some the oral zetractor overlaps the intermediate muscle, in others
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it appears to arise at the level of the anterior margin. One cannot
therefore place any reliance on Metcalf’s remark that the dark coloured
muscle at the angle of the mouth was more distal in his specimens
as providing any reliable distinction between his and Streiff’s specimens.
In my examples it appears to vary considerably in position in different
individuals.

There is also a certain degree of discrepancy in the accounts given
of the general shape of the aggregated zooids. Apstein (1910, fig. 7)
figures the zooid as having an oval shape with a very short pointed
projection a little to one side of the middle line posteriorly. In the
figure given by Traustedt (1885, Pl. 1, fig. 17) this projection is rather
more pronounced ; and Metcalf (1918, figs. 97 and 98) shows the animal as
possessing a well-marked conical posterior projection, measuring approxi-
mately }th the length of the body preper. Insome of my larger examples
the length of this projection was more nearly 4rd the body length. On
the other hand in the smallest examples, that measure only 7 mm. in
length, this posterior projection is barely distinguishable, and in exampleg

N
]
A/
T

TEexXT-F16. 19.—Jasis zonaria (Pallas), aggregated zooid.

(A). A young example.
(B). A fully-grown specimen.

still n situ on a well developed stolon, I can detect no trace of it. It
would appear, therefore, that this feature is gradually developed as age
advances. V '
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Sub-genus Thalia Blumenbach.

Thalia democratica (Forskail).

Salpa democratica-mucronata, Traustedt, 1885, p. 365, pl. ii, figs. 25-28,
Thalia democratica-mucronata, Herdman, 1888, p. 79 .
Salpa democratica, Brooks, 1893, pl. ii, and pl. xlii, fig. 1.
Salpa democratica, Traustedt, 1%93 p. 5.
Salpa mucronata, Apstem 1894, pp. 13 and 32.
Salpa mucronata, Apstein, 1901, p. 5.
Salpa democratica-mucronata, Apstein, 1904, p. 656.
Salpa mucronata, Apstein, 1905, pp. 252 and 270, pl. xxviii, figs. 19 and 20.
Salpa democratica-mucronata, Ritter, 1905, p. 73, figs. 18 and 19.
Salpa democratica-mucronata, Ritter and Byxbee, 1905, p. 197.
Salpa mucronata, Apstein, 1906, p. 171, figs. 27 and 28.
Salpa mucronata, Farran, 1906, p. 8.
Salpa mucronata, Streiff, 1908, p. 38, pl. iii, fig. 28.
Salpa mucronata, Apstein, 1910, p. 5, figs. 3 and 4.
Salpa mucronata, Thle, 1910, p. 47.
Salpa democratica, Thle, 1912, p. 51, figs. 57 and 58.
Salpa democratica, Bomford, 1913, p. 244.
Salpa democratica, Sigl, 1913, p. 242.
Salpa mucronata, Michaelsen, 1915, p. 506.
Thalia democralica, Metcalf, 1918, p. 109, figs. 104-112.
Salpa democratica, Stiasny, 1919, p. 17, figs. 9 and 10.
This is by far the most common Salp in Indian Seas. It occurs in

the Indian Museum collections as follows :—

‘ Investigator’ Sta. 401, Mergui Archipelago, 13° 16’ N ; 98° 26'E.,
Surface, November 14-15, 1911.

¢ Investigator * Sta. 461, Bay of Bengal, 10° 15 N; 90° 15'E,
375-0 fathoms, April 19, 1912,

¢ Investigator ’ Sta. 475, off Mergui Harbour, Burma, 10 fathoms,
December 20, 1912.

‘ Investigator * Sta. 476, off Mergui Harbour, Burma, Surface,
December 20-21, 1912.

‘ Investigator’ Sta. 482, Mergui Harbour, Burma, Surface, Decem-
ber 27, 1912.

‘ Investigator’ Sta. 494, Mergui Harbour, Burma, Surface, J anuary
14, 1913.

¢ Investlgator Sta. 498, Port Maria, Elphinstone Is., Mergui
Archipélago, Surface, January 18, 1913.

¢ Investigator > Sta. 516, between Stuart and Metcalf Islands,
Mergui Archipelago Surface, February 24, 1913.

‘ Investigator ’ Sta. 531, Mergui Archipelago, 12° 20’'N; 97° 56’E.,
Surface April 15, 1913

¢ Investigator ’ Sta. 546, Mergui Harbour, Burma, Surface, October
17-18, 1913.

‘ Investigator * Sta. 605, 11° 19’ 58" N ; 98° 29" 52” K., Surface,
March 30-31, 1914.

¢ Investigator ’ Sta. 606, 11° 24’ 10" N ; 98° 27’ 50" E., Surface,
March 31, April 1, 1914. ,

¢ Investigator > Sta. 607, 11° 25’ 10” N ; 98° 27’ 51"E., Surface,
April 1-2, 1914.

¢ Invesvigator > Sta. 614, Nankauri Harbour, Nicobars, Surface,
November, 5-6, 1921.

‘ Investigator * Sta. 614, Nankauri Harbour, Nicobars, Surface,
January 18-19, 1922.
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‘ Investigator * Sta. 614, Nankauri Harbour, Nicobars, 1 fathom,
January 19-20, 1922.

‘ Investigator * Sta. 614, Nankauri Harbour, Nicobars, 1 fathom,
January 22-23, 1922.

‘ Investigator > Sta. 614, Nankauri Harbour, Nicobars, Surface,
February 1-2, 1922.

‘ Investigator * Sta. 614, Nankauri Harbour, Nicobars, Surface,
February 6-7, 1922.

‘ Investigator > Sta. 614, Nankauri Harbour, Nicobars, Surface,
February, 16-17, 1922.

‘ Investigator > Sta. 614, Nankauri Harbour, Nicobars, Surface,
October 21-22, 1922.

‘ Investigator * Sta. 614, Nankauri Harbour, Nicobars, Surface,
November, 1-2, 1922.

‘ Investigator * Sta. 614, Nankauri Harbour, Nicobars, Surface,
November 3-4, 1922.

Investigator > Sta. 614, Nankauri Harbour, Nicobars, 12

fathoms, December 2-3, 1922.

‘ Investigator ° Sta. 633, Nankauri Harbour, Nicobars, Surface,
February 4-5, 1923.

¢ Investigator > Sta. 642, Nankauri Harbour, Nicobars, Surface,
March 13, 1923.

‘ Investigator ’ Sta. 668, off Dring Harbour, Camorta Island,
Nicobars, Surface, February 18-19, 1924.

¢ Investigator * Sta. 670, Laccadive Sea, 5° 56’ N; 76° 22’ E.,
0-200 fathoms, April 23, 1924.

‘ Investigator > Sta. 672, Revello Channel, Nicobars, Surface,
March 6-7, 1925.

‘ Investigator * Sta. 679, Revello Channel, Nicobars, Surface,
March 31-April 1, 1925.

In their general structure the Indian examples of this species agree
exactly with the descriptions given by previous authors. The only
point on which they show any difference from the European examples
is that of size. Bomford (1913, p. 244) has already called attention to
this, and remarks that * the individuals are much smaller than some
specimens from Plymouth, England, that are in the Indian Museum,
the largest specimen of the solitary form that I have measured being
only 11 mm. long. The posterior processes of the test are also relatively
shorter than in those from English waters.” It is probable that this
variation in size is correlated with the density of the surface water.
Stiasny (loc. cit.) gives the size of specimens from Java as 7-12 mm,,
which agrees very well with the Indian examples from the region of the
Andaman Sea. Throughout both these regions the density of the surface
water is low, 1020 to 1021. In the North Atlantic on the other hand,
where specimens as large as 25 mm. in length may be obtained, the density
of the sea water ranges from 1024-1027. As regards the length of the
posterior processes, this seems to be correlated with the age of the
individual. Apstein (1894, p. 13) remarks “ Bei der solitiren Form
variiren nur die Endanhinge in de Lénge. Bei junger examplaren
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waren sie noch ganz kurz und mit zacken besetzt, genau so, wie es
Herdman zeichnet.”” The presence of these denticulations on the
various processes of the test is however in my experience by no
means confined to young specimens, nor is the shortness of the process
an indication of youth;indeed, rather the contrary. I give below the
average body-length and the length of the processes in a series of
examples that I have measured—

Body length (excluding processes). "Proportional lengths of processes
and body.
6:0 mm. 1: 21
7:0 mm. 1: 28
8-0 mm. 1:33
11-0 mm. 1:3.7

In very young individuals, having a length of much less than 60
mm, the processes are extremely short and it would appear, therefore,
that they increase in length up to a certain stage, and then agai
decrease : and during this second phase the denticulations become con-
siderably reduced and may even disappear, indicating that the decrease
in length is probably due to a wearing-away process. In addition to
these denticulations on the posterior processes, both atrial and oral
apertures are fringed along their lips with coarse denticulations and

from the latter a line of them passes ventrally to the under-surface of
the body.

TexT-r16. 20.—Thalia democratica (Forskal), solitary zooid ; showing the denticulation..
of the test.

The muscle system agrees closely with the descriptions given by
Streiff (1908) and Metcalf (1918). As usual, the examination of a number
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of individuals reveals certain occasional abnormalities that are, I think,
worthy of notice. The oral musculature (Text-fig. 21) possesses a well
developed intermediate muscle, that in this species, however, much more
resembles a true body-muscle : it has no connection with the mouth and,
except that it is incomplete in the mid-dorsal line and does not come into
contact with the lst body-muscle, closely resembles the succeeding
muscle. Its place in the mechanism of the oral aperture appears to be
taken by the broad 2nd sphincter of the upper lip. The oral retractor,
which is a strong muscle and not, as Streiff figures it, two small fasciculi,
crosses the 2nd sphincter and divides into two branches ; the first again
divides into the 1st sphincter of the upper lip, which is incomplete in the
mid-dorsal line, and the 2nd sphincter of the lower. The ventral portion
of the oral retractor is continued on as the 3rd sphincter of the lower lip,
while the 4th is derived as a small muscle bundle from the band of the

2nd sphincter of the upper lip.

TexT1-r16. 21.—The oral musculature of Thalia democratica (Forékal), solitarv zool.
from the inside of the mouth.

The arrangement of the body muscles appears to be extremely con-
stant, but in the Indian examples that I have examined the atrial
system differs somewhat from the description given by Streiff.

Both Streiff and Metcalf appear to consider that this system is sym-
metrical. In the Indian examples there is a very considerable difference,
so far as my observations go, on the two sides. The atrial retractor on
the right side is double : the posterior and ventral band gives off the
broad 2nd sphincter of the lower lip and t! en, crossing the anterior dorsal
band, is continued across the dorsal aspect of the body as the 4th upper
sphincter to the left side : here it bends round and after giving off a branch,
which divides into the 1st and 3rd ventral sphincters, is continued on as
the broad 2nd sphincter muscle. The anterior and dorsal bard of the
atrial retractor on the right side is double, the uppermost fibres cross the
muscle and after a short course divide into two bands, the 1st and
2nd sphincters of the upper lip of the atrial aperture. 'hese two
sphincters, of which the 1st possesses a series of loops in the valve-like
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portion of the lip, re-unite on the left side into a single band, which ends
abruptly and does not join any other muscle. The main portion of the
retractor passes a ross as the 3rd sphincter of theupper lip and is
continued on as the atrial retractor of the left side (vide Text-fig. 22).
There is thus a distinct similarity in the arrangement of these atrial
muscles to the corresponding musculature of the aggregated zooid.
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Texr-Fie. 22.—The atrial musculature of Thalia democratica, solitary zooid, the syphon
is cut across and the ventral walls turned out.

TEXT-FIG. 23.—Thalia democratica, aggregated zooid, showing prolengations of mantle
into the test.

R ingg nulmlﬂﬁ
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Texr-Fig. 24.—Thalia democratica, aggregated zooid, showing the posterior prolonga-
tion of the test.

Aggregated Zooid.—The aggregated zooid of Thalia democratica, like
that of Salpa fusiformis and S. mazima, may possess two forms. In
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the normal condition the body is roughly oval, tapering somewhat at the
posterior end and having on one side or other of the ‘nucleus’, depend-
ing on which side of the stolon it developed, a conical hollow process
which stretches out into the test and may cause the latter to exhibit
a corresponding conical projection.

Metcalf (1918) has already called attention to the differences in the
aggregated zooids obtained in the open waters of the Atlantic and Pacific
Oceans and those from the Philippine Islands and the western area of
the Pacific. Most of the Indian examples that I have examined show a
very distinct approximation to the Philippine type (vide Metcalf, 1918,
p. 118). Intheseindividuals (Text-fig. 23) the mantle sends a number
of tubular processes into the test ; the actual number of such processes
appears to vary very considerably and it is probable that, were a
sufficient number examined, all intermediate stages between the typical
European form and the Philippine form could be traced.

While the evidence at my disposal is not absolutely convincing, it
seems to indicate that in the Andaman Sea, from whence most of my
specimens are derived, the Philippine form preponderates during the
months December—February. This may be due to a true seasonal
change occurring in this species or to the individuals having been swept
in from the western waters of the Pacific through the Straits of Malacca
by the inflowing current that is set up by thé north-east monsoon.

Herdman (1888, p. 81 and pl. viii, fig. 4) first called attention to
the fact that in certain individuals ‘ the posterior end of the mantle
runs out into a tapering process, in place of being simply rounded off
behind the nucleus.” Several exarmples of this form of aggregated
zooid (Text-fig. 24) are present in the Indian Museum collection. In
the smaller specimens, this posterior projection and often much of the
test is covered with small denticulations (vide Apstein, 1906, p. 253, pl.
xxvil, fig. 20), but in the larger examples; these denticulations appear
‘to become worn down and tend to disappear. The process itself is usually
stained a pale buft colour. ‘

TEXT-F1@. 25.—Showing an abnormal 3rd Oral sphincter muscle in Thalia democraticu.

The oral musculature agrees with the descriptions given by Streiff
anl Metcalf. In one specimen that I examined, however, the 3rd
sphincter of the upper lip, instead of forming a single band across the

C
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dorsal region was divided into two separate bundles, both of which
were continuous.

The body-muscles occasionally show the same type of variation :
a single muscle fibre may diverge from the band to which it belongs
and after a short independent course rejoin it again or in a'more extreme
case the band may split into two, more or less equal, portions which
diverge and re-unite.

&

TEXT-FI6. 26.—The atrial musculature in Indian examples of Thalia democratica.

In all examples that I have examined the atrial musculature con-
forms to a single type and agrees exactly with the condition found by
Metecalf (1918, fig. 109-B) in specimens from the Atlantic coast of the
United States. I coulddetect no difference whatever in specimens that
possessed a spinose and elongate test or in the smooth and more rounded
form, nor in examples that as regards the processes of the mantle con-
form to either the Atlantic or Pacific types. In all Indian examples
the character (f these muscles seems to be singularly constant. |

Sub-genus Thetys Tilesius.

Thetys vagina Tilesius.

Salpt; ;ostata-tilesii, Traustedt, 1885, p. 379, pl. i, figs. 10, 11 ; pl. ii, figs. 38-41 and
Salpa costata-tilesii, Herdman, 1888, p. 60, pl. iv, fig. 1.
Iasis costata-tilesii, Herdman, 1891, p. 647.

Salpa costata, Brooks, 1893, pl. iv, fig. 4; pl. viii, fig.4.
Salpa costata-tilesis, Traustedt, 1893, p. 6. *

Salpa tilesii, Apstein, 1894, pp. 16, 35.

Salpa tilesii, Apstein, 190], p. 10.

Salpa tilesii, Apstein, 1905, p. 275.

Salpa tilesii-costata, Ritter, 1905, p. 70, figs. 16, 17.

Salpa tilesii-costata, Ritter and Byxbee, 1905, p. 199.
Salpa tilesit, Apstein, 1906, p. 173, figs. 34, 35.

Salpa tilesit, Streiff, 1908, pp. 30, 32.

Salpa vagina, Ihle, 1912, p. 47, figs. 51, 52.

Salpa vagina, Sigl, 1918, p. 252.

Salpa costata-tilesii, Oka, 1915, p. 30.

Thetys vagina, Metcalf, 1918, p. 121, figs. 114-118.

The Indian Museum collection contains examples of this species from
the following localities :—

Solitary Zooid .—

‘ Investigator ’ Sta. 152, 11} miles 8. 83° W of Colombo, 26} .
fathoms, December 12, 1893. 1 specimen.

¢ Investigator ’ Sta. 162, Bay of Bengal, 13° 51’ 12” N. ; 80° 28’ 12"
E., 145-250 fathoms, January 30, 1894. 1 specimen.
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“Investigator ’ Sta. 358, Arabian Sea, 15° 55’ 30" N. ; 52° 38" 30"
E., 585 fathoms, December 18, 1905. 4 specimens.

Aggregated Zoord :
. Investigator > Sta. 614, Nankauri Harbour, Nicobars, Surface,
October 21-22, 1922.

These specimens agree very closely with the descriptions given by
previous authors. It is, I think, worth noting that in ths aggregated
zooid the musculature of the oral aperture, so far as I have been able
to make it out, differs somewhat from the account given by Metcalf
(1918, p. 125). According to this author ““ the oral musculature, includ-
ing the horizontal dorsal band, is like that of the solitary form, except
that there are three, instead of two, dorsal sphincters, the first very short
and very slender, the second also very short.”

In the example that I examined of the aggregated generation, the
intermediate muscle is clearly separated from all the others and lies
internal to them. The oral retractor system consists of three muscle

Text-Fig. 27.—A. The oral musculature of Thetys wvagina. Aggregated Zooid.
B. The same in certain examples of Pegea confoederata. A somewhat
rare arrangement.

bands. Of these the first or uppermost passes forwards superficially
and gives off a short, interrupted second sphincter to the upper lip : it
then passes on and, giving off a fine branch that after a short course
sub-divides into the 1st sphincters of both upper and lower lips, ends by
joining the middle oral retractor, which is a simple undivided band of
muscle, to form the conjoined second and third sphineters of the lower
lip. The lowermost oral retractor is a short block of muscle that is
continued on as a blood sinus ; this runs upwards and forwards deeply
to the other two but superficially to the intermediate muscle ; it gives off
a branch at the level of the lower border of the middle retractor which
turns forwards and downwards to join the fourth sphineter of the lower
lip. Its upward continuation becomes connected with the middle re-
tractor and so with the third sphincter of the lowerlip. The small block
of muscle lying in front of the lower portion of the 3rd retractor and
behind and below the end of the intermediate muscle is in my examples
isolated, and, though it shows no trace of a connection with the third
o2
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upper sphincterand the upperlip as Metcalf figures it; is in all probability
a detached portion of this muscle. A comparison of the figure of this
system with that of the oral musculavure of the aggreyated zooid of
Pegea confoederata (Text-fig. 27-B) shows that the ground plan of the two
systems is absolutely identical : the only distinguishing features being
that in Pegea confoederata the very delicate branch, that forms the first
sphincters of both lips, has been suppressed and the next two sphincters
of the lower lip remain separate instead of being fused.

Sub-genus Pegea Savigny.

Pegea confoederata (Forskal).

Salpa scutigera-confoederata, Traustedt, 1885, p. 362, pl. ii, figs. 23, 24 and 46.
Salpa quadrata, Herdman, 1888, p. 84, pl. ix, fig. 1.

Salpa scutigera-confoederata, Herdman, 1888, p. 84,'pl. ix, fig. 9.

Salpa scutigera, Brooks, 1893, pl. iv, figs. 1 and 7.

Sulpa confoederata, Apstein, 1894, p. 12, pl. ii, fig. 16.

Salpa scutigera-confoederata, Apstein, 1904, p. 656.

Salpa confoederala, Apstein, 1905, p. 273.

Salpa confoederata cutigera, Ritter, 1905, p. 80, fig. 23.

Salpa confoederata-scutigera, Ritter and Byxbee, 1905, p. 196.

Salpa confoederata, Apstein, 1906, p. 172, figs. 30, 31.

Salpa confoederata, Farran, 1906, p. 10.

Salpa confoederata, Streiff, 1908, p. 32, pl. iii, fig. 25.

Salpa confoederata, Thle, 1910, p. 486. )

Salpa confoederata, 1hle, 1912, p. 49, figs. 53, 54.

Salpa confoederata, Bomford, 1913, p. 244,

Salpa confoederata, Sigl, 1913, p. 250.

Salpa scutigera:confoederata, Oka, 1915, p. 3%.

Pegea confoederata, Metcalf, 1918, p. 127, figs. 119-127.

Pegea confoederata, subsp. bicaudata, Metcalf, 1918, p. 139, figs. 128-132.
Salpa confoederata, Stiasny, 1919, p. 14, figs. 6, 7.

This species, the ocecurrence of wh'ch in Indian waters has already
been recorded by Bomford and Oka, is respresented in the Indian
Museum collections by the following :—

Solitary Zoovd :—

1. Off Cinque Island, Andamans, Surface, ? date. 1
specimen.

2. Andaman Sea. 2 specimens.

3. ‘Investigator’ Sta. 319, Laccadive Sea, 12° 02’ N. ; 73° 46’ E.,
1154 fathoms, November 7, 1903. 5 specimens.

4, ‘ Investigator ’ Sta. 342, Gulf of Oman, 24° 46’ 15” N.; 57°
15’ E., 745 fathoms, October, 1904. 4 specimens.

5. Preparis N. Channel, 1-1} fathoms, November 16, -1909. - 3
specimens.

. Arabian Sea, 600 miles from Bombay, ? depth, November
156, 1918. 8 specimens.

7. ‘ Investigator ’ Sta. 672, Revello Channel, Nicobars ; Surface,
March 6-7, 19256. 2 specimens.

Agyregated Zooid—
1° Preparis. N. Channel, 1-1} fathoms, November 16, 1909. 12
specimens.
2. ‘ Investigator * Sta. 672, Revello Channel, Nicobars, Surface,
Avpril 7-9, 1925. 3 specimens.
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The examples of this species in the Indian Museum are of considerable
interest, in that they appear to provide an intermediate link between
th¢ normal form and the form in which the aggregated zooid is charac-
terised by the possession of a pair of long posterior processes. Metcalf,
who has studied both forms, concludes that this latter form bicaudata
is worthy of sub-specific rank, and bases his opinion on certain
small differences in the character of the eye and of the musculature, as
well as on the possession of the pair of appendages.

Solitary Zooid.—In one small example, measuring 19'0 mm. in length,
the whole of the upper surface and lateral margins of the test was con-
siderably thicker than usual and was covered with small thickened
papilliform projections, so that it closely resembled the condition present
in Thetys vagina, in which the test is covered with small denticulations.
A somewhat similar condition of the test in this species is also recorded
by Ritter and Byxbee (1905, p. 196) in certain specimens of the aggrega-
ted generation obtained by the ‘“ Albatross * in the Pacific Ocean.

In all other examples the test is smooth and thin, except for the
thickening on the ventral aspect over the region of the ““ nucleus.”

One of the features, on which Metcalf relies, to distinguish the
normal form from his sub-species bicaudata is the arrangement of the
oral musculature. In the normal form, as he remarks, the retractor
muscle is ““ divided into dorsal and ventral divisions, the dorsal division
having two branches anteriorly. The ventral retractor connects ante-
riorly with the broad sphincter of the upper lip, the only complete sphinc-
ter in this lip. It connects also with the third sphincter of the lower
lip. The ventral branch of the dorsal oral retractor is continuous only
with the second sphincter of the lower lip.” On the other hand in the’
form bicaudata ‘ the oral retractor instead of being divided into two,
a dorsal retractor and a ventral retractor, is divided into three horizontal
bands as in Thalia.” Among the specimens in the ‘‘ Investigator ™
collection taken at Sta. 672, not only are both the above types of oral
musculature represented but there is one example of an even more

advanced stage, for in this specimen there are not three but four oral
retractors.
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TeExr-Fie. 28.—Showing different types of oral musculature in Pegea confoederata.
The musculature of the atrial aperture is somewhat complicated,

and the elucidation of the various connections and the mode of branching
of the muscle bands is rendered still more difficult by the tendency for
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the bands to be broken. Whether this is a natural condition in the
living animal or is due to handling and post mortem changes I cannot
say. In the specimens examined by me the atrial musculature consists
of two séts of muscles (1) a basal set, comprising two sphincter muséles
that probably in life are continuous but which become broken into
irregular masses. I have in Text-fig. 29 given the various muscle blocks
seen and have indicated what I believe to be the connections by dotted
lines. The distal sphincter probably also forms a complete band, and
in the lateral region each sphincter gives off a side branch, an upper
and a lower atrial retractor, the continuation of which is in each case
broken. (2) The distal set of musgles consists of the peripheral portion
of the atrial retractors and the various atrial sphincters, into which
they branch. It is this peripheral set of muscles only that Metcalf de-
scribes and figures. A comparison of fig. 29 with that given by Streiff
(1908, P1. 11T, fig. 22) reveals a close degree of similarity, the only differ-
ences of note occurring at the point where the two atrial retractors
cross. Streiff shows the two basal sphincters, or rather isolated blocks of
muscle belonging to these two bands, and indicates correctly the origin of
the two atrial retractors, but at the point where these cross his speci-
men appears to be soméwhat distorted, so that the actual continuation
of the branches is not easy to follow. The sphincter muscles themselves

vs?
us?

“Texr-F16. 29.—Atrial musculature of Pegea confoederata ; solitary zooid.
A. With the afrial syphon intact.

B. With the ventral wall cut through and the ends turned outwards.
The ventral system is in black.

are¢ quite clearly shown and the number, three on the ventral side and two
dorsally, agrees with my observations. The ventral atrial retractor,
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besides dividing into two main branches to form the dorsal sphincters,
alsosends a few fibres to the first and second ventral sphincter muscles.

Here again one finds small variations in the musculature of different
individuals, for in one example that I examined and which I figure in
Text-fig 29 B, the short third dorsal sphincter was apparently absent,
its place being taken by the conjoined continuation of the 1st and 2nd
ventral sphincter muscles. In the small example of the solitary zooid-
that I have mentioned above, in which the test was abnormally thick,
the delicate structure of the atrial funnel has been beautifully preserved
and in consequence the muscle connections were intact. Each of the
atrial retractors on both sides were connected by a single and very
delicate muscle-fibre with the projecting muscular offshoot of the basal
atrial sphincter, and from the connecting fibre from the lower retractor
ran a branch to the third ventral sphincter.

In Text-fig. 30 I have reprod uced Streiff’s diagram in a modified form
so as to show the true muscle connections, and I have continued it so as to
include the whole circumference of the syphon. A comparison of this
figure with Metcalf’s (1918, p. 133, fig. 122) reveals at once the resem-
blance between the two accounts, and shows that there is little if any
difference in the normal form and the sub-species bicaudata.
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TEXT-F16. 30.— Atrial musculature of Pegea confoederata : solitary zooid, modified
from Streiff.

Aggregated Zooid.—As regards their external appearance all my
examples conform to the n rmal type ; there was no trace in any of the
posterior processes characteristic of the form bicaudata. In their
internal structure, however, these specimens, as I have already shown
in the solitary zooid, are intermediate between the normal form and the
descriptions given by Metcalf and Streiff of the bicaudala form.

The oral musculature agrees with that of the normal form ; the oral
retractor is composed of an upper and a lower portion, that are in contact



104 Records of the Indian Museum. [ Vor. XXVIII,

with each other throughout the greater part of their length, and the
virious sphincters agree exactly with those in the solitary :ooid. The
body muscles are also normal. The atrial musculature, on the whole,
conforms to the account given by Metcalf (1918, p. 142, fig. 131) for the
bicaudata form, though in one detail it was more near to that of the normal.

I/
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TexT-FIG. 31.—The atrial musculature of Pegea confoederata, aggregated zooid, from
the side, '

Neither the muscle IV (b) nor the third ventral sphincter are
connected with the fourth body muscle, and there are three ventral
sphincters present. In one example the two halves of the 1st dorsal
sphincter almost meet in the middle line (as shown in Text-fig. 32)
instead of there being an intermediate portion. In all cases the third
dorsal sphincter muscles is broken across in the lateral region.
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TEXT-F1G. 32.—The atrial musculature in Pegea confoederata ; aggregated zooid.

In Text-fig. 32 I have represented the atrial musculature as if the
syphon had been cut across near the ventral middle line and the whole
opened up, A comparison of this figure with that given of this system
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in the solitary zooid (Text-fig 29B) reveals that both are founded upon
the same basic_plan.

The eye in all my examples was carried on the
end of a stalk formed by the optic nerve and its
sheath, so that in this respect again they conform to
the bicaudata type.

Under the circumstances I can see no justifica-
tion for considering the bicaudata form to be even
Texr-ria. 33.—The & variety, and much less a distinct subspecies, as

eye of Pegea confoe- Metcalf has done.
derata ; dorsal view.

Sub-genus Traustedtia Metcalf.

The correct taxonomy of this sub-genus offers a problem that must
still await its final solution. Metcalf, who created the sub-genus in
1918, has attempted to recognise two distinct species and one sub-
species, namely :—

Traustedtia multitentaculata (sensu stricto) (Quoy and Gaimard)
Traustedtia multitentaculata subsp. bicristata Metcalf, and
Traustedtia radiata Metcalf.

He bases his views on small details of structure, more particularly
of the body-muscles, and on the number of tentacles present in the sols-
tary zooid. He gives the following key for the identification of these

three forms :—
Solitary form with numerous tubular appendages from
different parts of the body Traustedtia.
Appendages in solitary form 20 or more, gut form-
ing a horizontal spindle-shaped mass. Aggre-
gated zooid probably not known _ . .
Appendages in solitary form not more than 13, gut
forming a vertical spindle-shaped mass. Aggre-
gated form with a single unequal pair of postero-
lateral appendages.
Appendages of the solitary form 8, the pos-
terior pair about as long asthe body.
Oral muscles continuous across the mid-
dorsal line . . . {type) multitentaculata.
Appendages of the solitary form 13, oral
muscles very short dorsally, hardly exten-
ding above the angles of the mouth multitentaculata, sub-
species bicristata.

radiata.

Traustedtia multitentaculata (Quoy and Gaimard).

Salpa henseni, Traustedt, 1893, p. 9, pl. i, figs. 6-9 (Aggregated zooid).
Salpa verrucosa, Apstein, 1894, p. 12, pl. ii, figs. 11-13 (Solitary zccid).
Salpa henseni, Apstein, 1894, p. 19, pl. ii, fig. 8.

?8alpa henseni, Apstein, 1905, p. 256, pl. xxix, fig. 28.

Salpa multitentaculata, 1ble, 1911, p. 588,
?Salpa multitentcculata, Thle, 1912, p. 50, fig. 55 (Solitary zcoid).

Salpa multitentaculata, Ihle, 1912, p. 51, fig. 56 (Solitary zooid).

Salpa multitentaculata, Bomford, 1913, p. 244.

Traustedtia multitentaculata, Metcalf, 1918, p. 147,

Traustedtia multitentaculata, subsp. bicristata, Metcalf, 1918, p. 143, Tl. xiv.

The ‘ Investigator ”’ collection of Salps includes the following
examples of this species :—
Solitary Zooid :—
1 “ Investigator’” Sta. 614, Nankauri Harbour, Nicohars, Surface,
January 22-23, 1923. 1 specimen,
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2. ““ Investigator ’ Sta. 670, Laccadive Sea, 5° 56" N.; 76° 22’
E, 0-200 fathoms, April 23, 1924. 1 individual.

3. “ Investigator >’ Sta. 672, Revello Channel, Nicobars, Surface,
April 7-9, 1925. 2 individuals.

4. * Inveatigator ’’ Sta. 682, Laccadive Sea, 10°26" N. ; 74° 32’ 30"
E., 0-700 fathoms, April 28, 1925. 2 individuals.

Aggregated Zooid :—

1. ““ Investigator ’ Sta. 461, Bay of Bengal, 10° 15’ N. ; 90° 15’
E., 0-375 fathoms, April 19, 1912. Several examples.

2. ““ Investigator >’ Sta. 670, Laccadive Sea, 5° 56" N., 76° 22’
E., 0-200 fathoms, April 23, 1924. 14 individuals.

3. “ Investigator > Sta. 679, Revello Channel, Nicobars, Surface,
March 31—April 1, 1925. 1 individual.

A study of these examples of both the solitary and aggregated genera-
tions and a careful examination of their structure appears to me to pro-
vide sufficient indication that Metcalf’s distinction between Traustedtia
multitentaculata (sensu stricto) and its sub-species bicristata cannot
be regarded as a valid one and, moreover, renders it very doubtful in
my opinion whether Traustedtia radiata is a good species.

Solitary Zooid.—The form of the body is usually described as an
elongate oveid. Itappearsfrom the  Investigator ”’ examples, however,
that the shape differs very materially in individuals of different sizes.
In the smallest example, measuring 4 mm. in length, the body is almost
spherical ; in those of intermediate size, 7-9 mm. in length, it has the
typical ovoid shape, (Text-fig. 34) :-butin a single large specimen, mea-
suring 11 mm. in length, the body is much compressed dorso-ventrally
and is almost circular in outline when viewed from the dorsum (Text-fig.
35). From this aspect the body of this individual shows a marked agree-
ment with the form that Metcalf calls Traustedtia radiata. It would
seem probable that this alteration of shape is a growth-change, but
it must be remembered that these animals are extremely soft and
delicate, and that distortion may very easily occur as a result of pressure
in the tow net. In every case the upper surface of the test exhibits
a thin median strip, on either side of which lies a thickened crest : the
size and degree of prominence of these crests vary in different indivi-
duals, being most marked in medium-sized specimens. In the large
flattened example obtained at Sta. 670 the crests are barely noticeable;
a careful examination, however, reveals the characteristic denticulate
margin. In every case each crest is penetrated at its posterior end b
a tubular prolongation of the mantle that arises on either side of the
middle line fn close proximity to the fourth body muscle. As Metcalf
(1918, p.147) points out, Apstein in his original description of Salpa
verrucosa, which was based on a single individual, mentions only a
single crest. This I believe to be due to overlapping caused by lateral
compression. Although Apstein (1905, p. 256, pl. xxix, fig. 28) in
his description of the form regarded by Metcalf as T radiata makes no
mention of any crests, he shows that one pair of tubular outgrowths
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from the mantle arise exactly in the correct portion from near the
middle of the dorsal aspect.

The mantle gives off; in addition to the two tubular processes,
noted above, that enter the dorsal crests, a number of other processes,
some of which in my examples merely enter the test, while others
pass through it to be prolonged as true tentacles that project beyond
the level of the body surface, though, of course, covered by similar
prolongations of the test itself. The number of tentacles, using the
term in its restricted senseto denote prolongations of the mantle beyond
the general outline of the body, is invariably four ; a pair that have
their origin anteriorly, below and to the inner side of the oral retractor
muscles, and a second pair that arise posteriorly near the termination
of the posterior branch from the IVth body-muscle. These two pairs
of tentacles correspond clearly with the pairs that Metcalf in Traustedia
multitentaculata calls the 2nd and 6th, and with the anterior and post-
erior long tentacles that Apstein (1905, p. 266) remarks on in his des-
cription of the * Valdivia ”’ example ; “Am Vorder—und Hinterende
finden sich je 2 lingere Fortsatze.” The relative length of these
tentacles varies considerably with the size of the specimen : in the
smallest example (5 mm. in length) they are quite short and only measure
about } the length of the body Whereas in the largest example (11 mm.
in length) they are from } to } the length of the body, those of the
medium-sized ind_ividuals being intermediate. The posterior pair of
tentacles are in my examples invariably the longer.

TEXT-FI6. 34+.—Traustedtia multitentaculata (Q. and G.) from the left side ; only one each
of the paired tentacles on each side are shown in the figure.

(From a medium-sized specimen).

In addition to these tentacles there are certain other tubular projec-
tions from the mantle, except in the smallest example of all, in which I
could detect no further protrusions than those already described, that
is the two pairs of tentacles proper and the protrusions into the dorsal
crests. In larger examples there is a pair of protrusions into the anal
lappets, corregponding to the pair that Metcalf numbers 5, and a
median unpau‘ed protrusmn corresponding to Metcalf’s namber 7. In
these examples, obtained in Indian waters, we thus find -only 9 protru.
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sions of the mantle in all, whereas Metcalf’s specimens showed 13 and
Dober’s and Apstein’s 20-23. We thus seem to be dealing with a pro-
gressive geries ; the differences between individuals being possibly of a
geographical rather than a specific nature, and similar to the differences
noted by Metcalf himself between the aggregated zooids of Thalia de-
mocratica from the Philippine region of the Pacific and those from the
Atlantic Ocean.

TRXT-FIQ. 35.— Trausted tia multitentacuiata (Q. and G.), solitary zooid, from above.

(From the largest specimen of 11 mm. in length.)

Metcalf (1918, p. 148) remarks ‘‘ one would without hesitation assign
both specimens (i.e., his own and Apstein’s) to the same species were
it not for the different condition of the muscles. There is such
disagreement in the oral and intermediate muscles as Apstein and we
describe them as to necessitate treating his specimen and ours as represent-
ing distinct subspecies.” In most of my examples the oral musculature
has the arrangement shown in Text-fig. 36. The intermediate muscle
is a broad short band passing downwards internal to the oral retractors.
Two oral retractors are present. The upper retractor sends a branch
into the upper lip, the first upper sphineter, which terminates after a
short course, and two branches to the lower lip, the first and second
sphincters, both of which are continuous from side to side. The second
lower sphingter also receives an _accessory muscle-slip from the
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lower oral retractor. The lower oral retractor divides into two main
branches, of these the first turns upwards and, passing internally to
the first and second sphincters of the lower lip, forms the second
sphincter of the wupper lip: in most examples this muscle has
only a short course, as Metcalf describes it, but the two ends

TeXT-FIG. 36.—Oral musculature of Traustedtia multitentaculate (Q.and G.)
golitary zooid, from the side.

are clearly connected across the middle line by a blood sinus, and in my
smallest example the muscle band is itself continuous, as frgured by
Apstein. It seems clear to me that originally this muscle is continuous
from side to side across the mid-dorsal line. Metcalf remarks that in
his example there is no dorsal horizontal muscle, but in my examples
there is present a small band that runs upwards along the anterior margin
of the intermediate muscle and bends forwards towards the edge of the
lip in a manner very similar to the corresponding muscle in Pegea con-
foederata : indeed, the whole oral musculature exhibits a marked simi-
larity of arrangement in the two species.

The body muscles, of which there are five according to Metcalf’s
notation, agree in different individuals with both Metcalf’s and Apstein’s
accounts. Muscles I, IT and III are fused together across the dorsal
region of the body, the composite nature of the band being, however,
clearly indicated by the three branches into which the band divides in
each lateral region. The IVth muscle runs across the dorsal aspect
and usually in each lateral region divides into a branch that passes down-
wards and forwards and a smaller branch that turns backwards and is
continued across the Vth body muscle to form a continuous band around
the posterior aspect of the body below the atrial syphon ; a branch from
this band passes downwards on each side of the body towards the visceral
mass. In one specimen (Text-fig. 37), however, the portion of the muscle
that lies between its origin from muscle IV and the point where it crosses
muscle V was missing ; its original line of continuity was, however, indi-
cated by a blood-sinus. This specimen, therefore, agrees clearly with
Apstein’s figure. The Vth body-muscle is continuous across the mid-
dorsal line and passing downwards on ea~h side of the body crosses the
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posterior branch of the IVth muscle, at the point where it divides. It
sends a small strand back towards the anterior atrial sphincter muscle.

Text-PI6. 37.—Atrial musculature of T'raustedtia multitentaculata (Q. and G.),
solitary zooid, from the side.

The arrangement of the atrial musculature in my examples appears
to be identical with that described by Metcalf (1918, p. 146 and pl. xiv,
fig. 35), though in his figure the distribution of the various branches
appears to have been considerably simplified. Arising close to, but
not actually forming any coinnection with the upper branch of the pos-
terior divigion of body-muscle IV, is a short band, the actual retractor
muscle, that runs upwards and backwards towards the base of the
atrial tentacle ; it here gives off a branch, that can be traced on as the
2nd ventral sphincter ; the main band is then continued on for a short
course and divides into two branches (1) the 1st ventral sphincter and
(2) the dorsal sphincter muscle, which again divides into the first and
second, dorsal sphincters. The 2nd dorsal sphincter is a very delicate
muscle consisting for the most part of a single fibre. There is a very
delicate third ventral sphincter, which does not, so far as I can diseover,
connect with any other muscle band. In my examples this arrangement -
of the atrial muscles is difficult to make out, owing to the manner in
which the various branches twist and cross each other. As Metcalf
point out, the atrial muscles are not continued into the atrial tentacle,
but they are, nevertheless, closely connected with its base and appear to
form & loop around it (vide Text-fig. 37).

According to Metcalf, one of the distinguishing features between
Traustedtia multitentaculata and T' radiate is the vertical position of
the gpindle-shaped mass formed by the gut in the former and its hori-
zontal position in the latter. A character such as this can, in my opinion,
be of very little diagnostic value in such a case, where, as I have already
pointed out, the general shape of the body may be completely altered
by growth' or by post-mortem distortion. As long as the shape of the
body remains oval, as it has done in my examples of small or moderate
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size, the gut occupies a vertical position ; but in the large example, that is
considerably flattened from above downwards, it is situated horizon-
tally, but is somewhat twisted over towards the right instead of lying
in the antero-posterior line, as figured by Dober and Apstein in the
form that Metcalf calls T' radiata.

The present state of our knowledge regarding these various forms
of the solitary zooid, included in the sub-genus Traustedtia, appears
to me to be this. We have here a collection of rare and somewhat
aberrant Salps, all of which clearly can be grouped together as a
sub-genus distinct from all other Salps. The earlier accounts, based
in several cases on a single individual, are often lacking in detail, and
differ in a few points, especially regarding the connections or extent
of the main muscle-bands. Throughout the whole of Metcalf’s admirable
study of the Salpidae one finds references to similar differences in other
species. Bands of muscle, continuous in one specimen from side to side
of the body or along the antero-posterior length, are in other examples
found to be discontinuous ; and yet in these cases he does not consider
them and rightly so, to be of sufficient importance to warrant the crea-
tion of sub-specific or specific rank. One certainly is not justified in
laying any emphasis on such differences in the case of these rare indivi-
duals of the sub-genus Traustedtia. Were these differences constantly
associated with a difference in shape and in the number of ‘‘ tentacles ”
present, one might be justified in considering such forms to be re-
presentatives of either true varieties or sub-species, but the series of
examples that I have examined leaves little doubt that the shape may
vary, either as a result of artificial distortion or with age, in individuals
which in my opinion undoubtedly belong to the same species. We are
left then with the number of tentacles as the sole feature on which to
base the separation of the members of this genus into two species and
one sub-species : and, here again we find no clear line of demarkation.
My examples all show 9 such tentacles. Apstein,in his account, shows 8
but has almost certainly overlooked the two pairsin the dorsal crests and
the atrial lappets as well as the median posterior one, so that his speci-
mens probably possessed 13, as did Metcalf’s; and finally in the form
described by Dober and Apstein there are 20-23, though here again it is
not unlikely that Dober overlooked the pair of tentacles in the dorsal
crests : as I have already pointed out Apstein figures these elearly, but
Dober’s figure shows no trace of them (vide Metcalf, 1918, figs. 138 and
139). We thus get three groups exhibiting 9, 13 and 22-23 tentacles
respectively. Do these groups correspond to species and sub-species or
are they merely variable forms of one species ? That my examples,
exhibiting only 9 tentacles, belong to the same species as those
exhibiting 13 I have not the least doubt : nor in view of the manner
in which, in other respects, these specimens form a link between all
such examples, that is to say between the form denoted by Metcalf
as T'. multitentaculata (sensu stricto) and his sub-species bicristata, have
I any hesitation in including them all in one species, and in declining
to recognize the form bicristata as worthy of sub-specific rank. The final
question whether the form with 20-23 tentacles is a separate species, 7.
radiata, can only be decided by a careful study of its anatomy, but I
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am greatly disposed to agree with Apstein that even these are members
of the species T' multitentaculata, and that all examples of the genus
Traustedtva are specifically identical but exhibit a wide range of
variation in shape and in the number of tentacles, the change
in shape being probably due to growth, and the number of tentacles, in
view of the obviously sluggish habit as shown by the character of
the body-muscles, correlated with the salinity of the water in’ which
the animal lives and the necessity of possessing a specific surface,
that will enable the animal to maintain itself at a suitable level. Owing
to the altered relationship between surface and volume, large indivi-
duals will have a greater tendency to sink than small ones. This altered
relationship can be compensated by the increase in size or numbers of
the tentacles, so in small individuals the tentacles are short, whereas in
larger ones they are seen to have markedly increased in relative length.
A further increase in size can be compensated by an increased number
of tentacles, and thus in my examples, with a length of 5-11 mm., there
are 4, in Metcalf’s, with a body length of 7°5 mm., there are 8, and in
Apstein’s form T' radiats, with a length of 256 mm., there are 20-23.

Aggregated Zooid.—As Metcalf (1918, p. 151) has pomted out ““all
the aggregated Traustedtias hitherto described seem to belong to the
species multitentaculata,” and the ° Investigator’’ specimens are no
exception.

*All my examples agree closely in shape with the figure given by
Traustedt (1893, pl. i, fig. 6). A characteristic feature of this form
is the possession of a pair of long tentacles that arise from the dorsal
aspect of the postero-lateral region of the body, and of these two that
oa the right side is almost invariably the longer and often very much
so. Apstein’s figure (1894, pl. ii, fig. 8) of a young example shows that
even at a very early stage in its life history this feature is present and,
furthermore, it indicates that, as in the solitary form, the relative length
of the tentacles increases as size, and presumably age, progresses.
The tcst around the oral aperture i3 produced in a number of small,
papillae, exactly as in the solitary zooid, and around the posterior end of
the body and especially covering the ‘‘ nucleus ”’ it i3 very considerably
thickened and is producedin a number of prominences that taper to a
blunt point. The nucleus itself lies in the horizontal plane, and from the
posterior end a protrusion of the mantle extends backward towards the
apex of the test. This protrusion undoubtedly corresponds to the median
posterior protrusion found in the solitary zooid, but, unlike the condition
found in that generation, in the aggregated zooid it may be continued
beyond the ordinary level of the test to form a true median tentacle
(vide Text-fig. 39) which is usually stained a brown colour.- On the
ventral and lateral aspects of the body a careful examination shows
that, again as in the solitary zooid, the mantle is produced in a series
of paired tubular outgrowths, which are, however, short and do not
pass beyond the level of the test. These paired outgrowths, which
closely resemble the processes of the mantle in the Philippine form of
the aggregated zooid of Thalia democratica, appear to correspond
with the paired tentacles found in the solitary zooid, and which Metcalf
in his figure (1918, pl. xiv) numbers 1 to 4. The posterior and upper
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pair (Text-figs. 38 and 40) which in the solitary zooid arise on the
dorsal aspect and run out into the crests of the test, in this generation
are, owing to the dorso-ventral flattening of the body, pushed out-
wards and downwards and now arise from the side and somewhat
asymmetrically. I have been unable to detect any atrial lappets, and
in consequence the corresponding pair of protrusions of the mantle are
absent, but with this exception, the aggregated and solitary zooids
show a complete agreement. The possession of these small protrusions
into the test in these Indian examples is all the more remarkable since,
a8 I have shown in the case of the solitary zooid, no trace of tentacles
2 and 3 can be found.

Text-¥16. 38.—Traustedtia multitentaculata (Q. and G.), aggregated zooid. The lower
lip is inverted and bence the order of the lower sphincter muscles is reversed.

The oral musculature closely resembles that of the solitary zooid.
A well-developed intermediate muscle is present and in front and above
this is a delicate curved horizontal muscle. The oral retractor is double.
From the upper muscle arise the 1st sphincter of the upper lip, which
extends only a short distance into the lip, and the 1st and 2nd sphincters

D
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of the lower lip, both of which are continuous across the middle line.
The lower retractor gives off the 3rd sphincter of the lower lip, which is

UV

TEexT-F16. 39.— Traustedtia multitentaculata (Q. and G.), aggregated zooid, showing an
unusual prolongation of the test in the middle line of the posterior end of the body.

Texr-FIa. 40.—Traustedtia multitentaculate (Q. and G.), aggregated zooid, Viewed
from the left side.

continuous fromside toside ; it then gives a few fibres to the 2nd sphincter
of the lower lip, and finally is continued on as the continuous 2nd
sphincter of the upper lip. There are only four body muscles in this
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generation. Muscles I and II are fused together in the mid-dorsal
region. Muscle ITI, which corresponds to muscle IV in the solitary
zooid, sends off a branch that runs downwards and forwards, it
then curves backwards for a short distance and divides into two
bands, one of which passes downwards, and the other downwards and
backwards toward the visceral mass but is not continuous around the
posterior end. The IVth muscle, which corresponds to muscle V in
the solitary zooid, passes from side to side across the body in front
of the atrial syphon and ends near to, but does not cross, the bifurca-
tion of the posterior branch of muscle III. The atrial musculature
consists of a shoit atrial retractor, situated near the bifurcation ot
muscle III and behind and below muscle IV. This after a short
course gives off a branch, the ventral sphincter muscle, that is
continuous from side to side ; in one specimen this muscle appears to
divide into a first and second ventral sphincter both of which are con-
tinuous. The main retractor muscle is then continued on and
divides into two, usually short, dorsal sphincters which apparently may
be continuous from side to side or may terminate after a short course.

It has long been recognised that the HEMIMYARIA are for the most
part warm-water inhabitants and attain their maximum of concentra-
tion and distribution in the region of the Tropics ; it is, therefore, not
surprising that the ccllection in the Indian Museum contains represen-
tatives of most of the known species. In the following table I give a
list of all known, species and have indicated their distribution in the
three great oceans. Species that are represemted in the Indian
Museum collections are denoted by an asterisk after the name.

TABLE I1.—List ofull known species,

Spein. Agontie | Joden | Bacie

C'yc_loaalpa pinﬁata* + + +
Cyclosalpa baker: .. -+ -+ .
Cyclosalpa affinis* .. + + +
Cyclosalpa floridana* + +

Cyclosalpa virgula* + +4-

Apsteinia punctala . . +

Apsteinia asymmetrica +

Apsteinia magalhanica + +
Brooksia rostrata* ,. + + -
Ritteria picteti* + +
Ritteria amboinensis* + + +

D2
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TasLe IL—List of all known species—contd.

e | | g

Ritteria hexagona* + + +
Salpa fusiformis* + + +
Salpa cylindrica* + + +
Salpa maxima* + + +
Jasis zonaria* + + +
Thalia democratica*® + + +
Thalia longicauda .. + + +
Thetys vagina* + + +
Pegea con foederata® + + +
Traustedtia multitentaculata* .. + + +
(?) Traustedtia rudiata +

It will be noticed that the only species not as yet recorded {rom the
Indian Ocean are the three members of the genus Apsteinia Metcalf.

Apstein (1905, p. 276) remarks ¢ Die Salpen sind typische Hochsea
bewohner, die zum grosten Teile in warmen wasser leben, wihrend nux
wenige arten an kateres oder kaltes wasser gebunden sind,” and he points
out that the movement of surface currents, such as the Gulf Stream,
can carry these forms into high latitudes. He gives as an example of
this the occurrence from the region of the Hebrides, Iceland and Green-
land of Salpa fusiformis, Thalia democratica and Jasis zonaria. Murray
and Hjort (1912, pp. 710-711) also give an account of similar invasions
of these animals, and especially of S. fusiformis, in the Faroe-Shetland
channel, and into the North Sea round the coast of Scotland. In his
report on the collection of Tunicata made by the ‘“ Challenger *’ Herdman
records the taking of Salpa fusiformis, S. eylindrica and S. mazima at
stations well to the south of the usual limits of distribution of these
species, and it i3 probable that here again their occurrence was due to
a movement pole-wards of surface-water ; the fact, which he records,
that many of the specimens were in bad condition may possibly have
been due to the animals having been killed off by the admixture of cold
water with the warm current that was responsible for their movements.
As Apstein (1905, p. 383) shows, the distribution of the Salps depends
on “‘the hydrographic relations of the currents, the temperature and the
salinity,” and when one considers the great interchange of water that is
constantly going on between the three great oceans, it becomes all the
more surprising that a complete genus, Apstenia, is unrepresented in
Indian waters. The most probable explanation of this peculiarity seems
to he that, unlike all other Salps, this genus has adopted a cold-water
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habitat and that its surface distribution is limited, at any rate very
largely, to the circum-polar regions.

The collection of Salps made by the R. I. M. 8. “ Investigator ”’
clearly indicates that the distribution of these animals in Indian waters
i8 by no means uniform and that there is a very clear seasonal periodi-
city in their occurrence in the surface waters. In the following table
I have given a list of the different species and have indicated the months
in which the two forms—solitary or aggregated—have been obtained :
the occurrence of the solitary form is indicated by <4 and of the aggre-
gated by 0.

TaBLR IIL.—Skowing the occurrence, month by month, 0 the various species of Salps in
Indign waters.

= E; E > 5
S1E (812 |2 (%14
S ° ) g © 8 & )
o z A = < b= < =
Cyclosalpa pinnata +0 +0| 40| 40
Cyclosalpa affinis . . . . . 0
Cyclosalpa floridana . .. . . +
Cyclosalpa virgula .. .. .. .. .. .. 0
Salpa fusiformis .. .. .. .. .. - + +0
Salpa cylindrica . + + +0( +0] 40| 40| +0
Salpa maxima .. .. .. .. .. . . . 0
Brooksia rostrata . .. .. . .. +
Rilteria pictets .. .. . .. . .. .. . +
Ritteria ambosnensis .. .. .. .. .. .+ +
Ritteria kexagona .. + .. .. .. + + +0
Jasis zonaria .. .. .. + .. -+ + 40| +0| 40
Thalia democratica .. -+ 40| 40| +0| +0| +0 | 40 ..
Thetys vagina .. o .. + + . . .. .
Pegea con foederata .. + +0 .. .. . + 40
Traustedtia multitentaculata | .. .. e + . .. +-0
4.1. | 6.2, 3.2, 7.3. 6.3 8.6. 9.8 L1
Total number of species 5 5 3 7 6 - 10 10 1

The first point to which I would call attention is the manner in which
the number of species, obtained in each month, decreases from Novem-
ber to December and then rises again to a maximum in April. A study
of the salinity of the surface water shows that here too we find a maxi-

.mpum In Indian seas in October and November and that this is followerl
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by a fall in January or February and a second rise in April. = It would
appear probable then that the number of species obtained each month
in Indian seas is directly correlated with the salinity. It must,
however, be borne in mind that the majority of the deep-sea Trawls,
carried out by the R. I. M. S. ““ Investigator,” occur either at the begin-
ning or end of the Survey season during the voyage to or from Bombay.
Of the five species recorded as occurring, in the *“ Investigator ”’ col-
lections, in the month of October, only two were actually taken on the
surface, namely, Thalia democratica and Salpa cylindrica and, moreover,
the occurrence of even these species in the upper layers does not
appear to be constant for, as I shall show later, the number of
individuals of both species that are captured on the surface is liable
to great and apparently periodic fluctuations.

Apstein (1905, p. 283) has pointed out that in the Gulf of Guinea,
where the influx of fresh water from the Niger and Congo Rivers causes
a marked diminution of the salinity of the surface-waters, there is a
disappearance or at any rate a great reduction in number of Salps ob-
tained in the upper layers.” Throughout Indian waters and especially
in the Bay of Bengal the salinity of the surface-water is low owing to the
influx of many great rivers, and, moreover, varies from season to
season in accordance with the two Monsoons. It seemsto me that the
“‘ Investigator *’ collections contain evidence that in Indian waters the
majority of Salps normally inhabit or have their maximum concentra-
tion not at the surface but at some, though possibly only slight, depth
below. One species that appears to possess this habit is Pegea confoedes-
ata. Metcalf (1918, p. 137, et seq) discussing the vertical distribution of
this species concludes, “‘ It seems not unlikely that the solitary Pegea
confoederata lies generally in deep water the year round, a few wholly
adult individuals coming to the surface only occasionally, the great
majority probably never coming to the surface except more or less by
accident.”” I am inclined to doubt whether the appearance on the surface
of adults of this species is truly accidental and it seems much more
probable that at certain definite periods the normally deep-dwelling
Salps may approach near the surface or even invade the surface-water
for the purpose of breeding. It is a well-known fact that many inhabi-
tants of the deep-sea pass shrough their larval stages at depths consider»
ably less than those occupied by the adult, and, I believe, that certain
Salps follow this custom. Be that as it may, the records of the occur-
rence of Pegea confoederata in the * Investigator * collections certainly
bears out Metcalf’s view that normally the species inhabits deep-water.
Out of seven occasions, on which the solitary zooid of this species was ob-
tained, we have in one instance no record of the depth, but judging
from the label ‘“ Andaman Sea,” it was probably obtained in a trawl;
on two other occasions it was captured in the trawl somewhere between
the depths of 1,154 or 745 fathoms and the surface ; on one occasion it
was captured at a depth of 1—1} fathoms and twice it was taken on the
surface. A species that in Indian waters at any rate is much more con-
sistently a deep-water inhabitant is Ritteria hezagona. In spite of all the
hundreds of tow-nettings taken on the surface this species has never
once been captured; on every occasion, when specimens have been
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taken, it has been brought up in the trawl, either a bottom trawl
or one in mid-water, from depths ranging between 540 and 133
fathoms. In other oceans this species, both the solitary and aggre-
gated zooid, has been taken on the surface, but never so in Indian seas.
Another member of the sauie sub-genus, R. pictets, is also probably
an inhabitant of the deeper waters, though occasionally individuals
may appear at the surface. The ‘‘ Valdivia” obtained examples in
deep water only, the species occurring twice in vertical hauls of the
tow-net from depths of 2,400-0 metres and 1,644-0 metres respectively,
and the ‘ Investigator ” has taken it on two occasions only, once in
a tow-netting from 200 fathoms [ =366 metres ]-0 and once on the
surface. Thetys vagina is another species that in these waters appears
to inhabit the deeper levels, as the only occasions on which the solitary
form his baen obtained were all in hauls of the mid-water net from
depths ranging from 26} to 585 fathoms. Jasis zonaria and probably
also Salpa Sfusiformis, so far as their occurrence in the *‘ Investiga-
tor ’ collections is a guide, appear to have very much the same habitat,
The solitary generation of the former has been taken on six occasions
in the trawl at depths ranging from 1,590 to 65 fathoms, and on ouly
four occasions on the surface, and of the latter on two occasions in the
trawl at depths of 200 and 133 fathoms and only once on the surface.
It would appear probable that so far as the habitat of the solitary
generation is concerned, the Indian Salps fall into two groups.
A. Species whose sohtary zooid normally inhabits deep waters but
occasionally comes near or to the surface :—
Rutteria hexagona
Ritteria pictets
Salpa fusiformis
Jasis zonaria
Thetys vagina
Pegea confoederata
B. Species whose solitary zooid normally inhabits the upper layers
but usually in Indian waters at some little depth below the actual
surface.

Cyclosalpa pinnata
Cyclosalpa floridana
Brooksta rostrata

Salpa cylindrica

Ritteria amboinensis

Thalia democratica
Traustedtia multitentaculata

Three additional species, namely, Cyclosalpa affinis, Cyclosalpa
virgula and Salpa mazima Iam at present unable torefer to either
group, as only the aggregated zooids have been obtained in Indian
waters.

The number of species represented by the aggregated zooid in the
surface water gradually increases from October to April and it seems
probable that the breeding season of the solitary zooid occurs from
October to May or possibly later, having its maximum in April. It
will be noticed that, with the single exception of Thetys vagina, the
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aggregated zooids have been taken one to four months after the appear-
ance of the solitary zooid and it is probable that prior to the breeding
ssason this generation gradually approaches nearer to the surface.

I have alrcady mentioned that only two species, namely, Thalie
democratica and Salpa cylindrica have been obtained at all months .of
the survey-season and a study of the numbers obtained leaves little
doubt that there is a decided periodicity in their occurrence and in the
numbers present in the surface layers. I have never attempted. to
carry out a strict quantitative estimation of the various organisms
obtained in the tow-net at different seasons of the year, but each day’s
catch is, when time is available, roughly analysed and I have noted in
the Surgeon-Naturalist’s Register the occurrence of any abnormal
number of examples of a particular species. On going through these
records it at once becomes obvious that within a period of a few days
the numbers of Salps present may increase to a very large amount,
only for them to decline or even totally to disappear again a few days
later. Instances of this sudden and temporary increase in numbers
are too regular to admit of its being due merely to the haphazard
drifting of large shoals on the surface. During the courge of my re-
searches on the salinity of the surface-water in Indian seas I have
obtained evidence that in any given area there is a periodic rise and
fall. Commencing with a period of low salinity, a daily estimate of the
chlorine present in each sample will reveal a gradual rise to a maximum
followed by a fall back again to a minimum, and in any given area
the time occupied by each successive oscillation is remarkably cen-
stant : thus on the east side of the Andaman Sea basin -the time
occupied by each complete rise and fall during the survey-season
1910-11, when the ‘‘ Investigator ’ was surveying the region to the
north of Tavoy River, was 18} days, and an exactly similar result
was obtained in 1913-14, When working in the area south of Mergui.
I give below the record of the occurrenc: of examples of Salpa cylindrica
(solitary zooid) in the surface tow-net during the period January—

April 1911.
Date. REMARKS.
1911.
January 3-4 .. “Several specimens of Salpa cylindrica >
*January 4-5 .. Numerous 8. cylindrica
January 18-19 .. Several 8. cylindrica
January 19-20 .. A few Salpa cylindrica
(*“ Investigator *’ returned to port for coaling, January 21-27.)
January 28-29 .. Salpa cylindrica present
February 1-2 .. Salpa cylindrica present
February 6-7 .. Several Salpa cylindrica
February 7-8 .. Several Salpa cylindrica
* Fobruary 8-9 .. Large numbers of Salpa cylindrica
* February 9-10 .. Large number of Salpa cylindrica ; 100 examples

* February 10-11 .. Large numbers of Salpa cylmdnca 550 examples
February 12-13

To February 17- 18. } Salpa cylindrica present

February 19-20 .. Salpa cylindrica present
February 21-22 .. Salpa cylindrica present
(*“ Investigator *’ returned to port for coaling, February 22 to March 1.)
*March 2-3 Numerous Salpa cylindrica
* March 17-18 .. Numerous S. cylindrica present

“ lnvosmgator »* returned to port for coaling, March 22—28)
¥ April 4-5 .. Numerous Salpa cylindrica
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It will be noticed that the period of time from the occurrence of one
shoal of Salps to the next, which I have indicated above by an asterisk
against the date, is either eighteen or thirty six days, with the exception
of the pariod from March 2-3 to March 17-18, which is only fifteen days,
and as I was away from the survey ground for a week previous to the
2nd it is possible that I missed the maximum density of the shoal.
Furthermore, the ‘ Investigator ”’ was away from the survey ground
recoaling on January 23rd, when, if the strict sequence of 184 days was
maintained, a shoal might have been expected. It seems clear then
that both the oscillations of the surface salinity and the occurrence of
large numbers of Salpa cylindrica on the surface exhibit the same perio-
dicity, viz., 18} days, and a comparison of the two shows that the
manner in which they synchronise is extremely striking. In the
accompanying Text-fig. 41 I have plotted out for each day the salinity
of the surface water and have given opposite each day the corre-
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TEXT-FI16. 41, —Showing the relationship between the surface salinity and the occurrence

of Salpa cylindrica on the surface. Burma Coast, 1911.

sponding note on the occurrence of the Salp and it is at once clear
that a rise in the salinity is associated with the appearance on the
surface of these shoals. In 1914, when the °° Investigator” was
engaged in surveying the Mergui Archipelago, a very similar periodi-
city was observed, buv on this occasion the species present was Thalia
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demooratica. I give below the data regarding the occurrence of one of

these shoals.

Date.

Maren 6-7

March 9-10
March 10-11
March 12-13

March 13-14

Maroch 14-15
March 15-16
March 17-18

'R ¥MARKS.
Total catch small; few salps,
Numerous salps.
Ditto. .
Catch very large; consisting mainly of
small salps (Thalia democratica.).
Catch less ; but still consisting mainly nf

small salps (Thalia democratica.).
Catch small ; no salps present.

No salps present.
A few salps.

If now one compares the time of occurrence of the shoal with the rise
and fall of salinity (vide Text-fig. 42), one sees that here again there is
a very exact agreement, and. the maximum concentration of Salps on
the surface follows exactly twenty-four hours after the maximum
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TEXT-F10. 42.—Showing the occurrence of Thalia democratica in Burmese waters, 1914.

salinity. Ihave already mentioned that the period of oscillation of
the salinity of the surface water differs in different areas of Indian

waters.
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During 1922-23 the * Investigator ’ was working in the central
group of the Nicobar Islands and here it was found that the period of
oscillation wae fifteen days. Again I found thst the appearance of
shoals of Salps again for the most part Thalia democratica, coincided
with or followed closely after the occurrerce of maximum salinity.
In Text-fig. 43 I have given the observed rise and fall of the
salinity of the surface-water and huave indicated the prevalence or
otherwise of this rarticular Salp. It will be noticed that the increase
in numbers present on the surface follows a few days after the
occurrence of maximum salinity.
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TeExr-FIG. 43.—Showing the relationship of the members of Thalia democratia and the
surface salinity, Nankauri Harbour, 1922.

The explanation of the periodic rise and fall in the salinity of the
surface water in these regions appears to depend on the existence of a
‘“ Seiche.” I do not propose to discuss this point in detail here, as I
am at present engaged on a paper giving the full details of my observa-
tions ; suffice it to say that the time periods of these observed oscillations
of salinity agree, with extraordinary precision,with the theoretical time
that such a ‘ Seiche ”’ would occupy during one complete swing, viz.,
184 days for the Andaman Sea and 15 days for the Bay of Bengal.
The conditions that exist in these seas, namely, a deep, more saline
layer and a superficial, less saline and river-polluted layer, as well as
the periodic changes from north-east to south-west in the direction of
the winds during the monsoons, are ideal for the production of such
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an oscillation of the deeper stratum. Round the margin of each basin
or inlet each oscillation will bring the denser water nearer to the surface,
and by wave action there will be a certain degree of mixing between
the layers, resulting in a periodic rise and fall of salinity in the surface-
water itself, and, as 1 bh-lieve, in a rhythmical appearance on the
surface of certaiu species of animals and especially of those that are
planktonic in character, such as the Salps, which normally live at
some depth below the surface, probably somewhere about the level
where the two water strata are in contact.

LIST OF ABBREVIATIONS USED IN THE TEXT-FIGURES.

ao Atrial orifice.
ar Atrial retractor muscle.

asl, as?, as3, ete.

Sphincter muscles of upper lip of atrial
orifice.

hm Horizontal muscle.

.M. Intermediate muscle.

. Intestine.

I 12, 13, ete. Sphincter muscles of lower lip of oral
aperture.

or . Oral retractor muscle.

p.p.m. Posterior peduncular muscle.

st. Stolon.

ul, u? ud etc.

vs,1, vs2, vs3, ete.

XX

I, 11, 111, etc.

Sphincter muscles of upper lip of oral
aperture.

Sphincter muscles of lower lip of atrial
orifice.

Brown muscle of oral syphon in Jasts
zonaria.

Body muscles.

1, 2, 3, etc. Tentacular processes in Traustedtia mulls-
tentaculata.
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