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more numerous, and that by far the greatest number have been
young and immature specimens. 1 have counted as many as
thirty in one Medusa, and only a few of these were adults. In
other instances, however, and that too of the most common oc-
currence, the numbers would vary from one up to about a dozen.
But it must not be taken for granted from this that every Medusa
has its Hyperia. This is by no means the case. I have seen
multitudes without any.

As for Lestrigonus Kinahani, the forms so named are ever the
fewest thus met with cooped up,and all have seemingly arrived at a
state of maturity. 1 have never yet seen a young or small exam-
ple of this species in a Medusa, but have taken them free. There
appears to be little or no difference between the young and the
old. They are both slender, and of a dark lead-colour, and both

have the remarkable long and hair-like antenne.
But besides these I have likewise taken Adnonyxr Edwardsii,

Dexamine spinosa, Atylus Swammerdamii, A. bispinosus, Ewrydice
pulchra, and once a small specimen of Portunus marmoreus from
Meduse ; yet who would ever think of calling these creatures
parasitical ? Carcinologists do not, neither will we—although
some of them may have occasionally been seen taking a quiet
ride on the back of some of the smaller Meduse.

It will be seen from the foregoing that only two species, viz.
L. Kinahant and H. galbe (m. & £.), have been in a measure parti-
cularly alluded to. The others will form the subject of and he
more fully treated in another Note.

On the Surface-fauna of mid-Ocean. By Major Samurern R. 1.
Owerw, F.L.S,, F.A.S. L., .M.S.L., Associate of King’s Col-

lege, London. . _
[Read June 7, 1866.]

[PrATE V.]

No. 2.—FORAMINIFERA.

Ix a paper read before the Society and published in vol. viir. of the
‘Journal, (page 202) I mentioned that I had found some genera
of the Foraminifera living on the surface of the ccean. I wish in
my present communication to give the names of the species and
the localities in which 1 have met with these Rhizopods, toge-

ther with such other observations on them as may appear worth
12%
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recording. Like their kindred the Polycystina, they appear on
the surface after sunset. All that I have hitherto met with have
been, as might be expected, of the unattached forms, and they are
all included in the two genera Globigerina and Pulvinulina.

To Orbulina, which likewise is constantly met with on the sur-
face, 1 shall refer presently. |

All the varieties of form of Globigerina,in Mr. Parker’s opinion,
may be included in two or three subspecies; G. bulloides, G. vn-
Slata, and G. hirsuta.

Of the genus Pulvinulina, P. Menardii is the principal repre-
sentative. P. Bicheliniana is met with somewhat more rarely.
P. canariensis, which the same authority considers to be but a
starved-out form of P. Micheliniana, 1s also found. P. erassa, an
Old Chalk form, I have met with in the South Atlantiec. These
two genera both belong to the second family, Globigerinide, of
Dr. Carpenter’s suborder Perforata.

I have never met with any trace, not so much as a single indi-
vidual, of the Imperforata, or of the families Lagenide and Num-
mulinidee of the Perforata. Thus we find one genus of the sub-
family Rotaline, and one genus of the subfamily of the Globige-
ring, alone making the surface of the ocean their home.

I have never met with any form of the subfamily Textularinz.

'With regard to Orbulina, Dr. Carpenter in his work ‘ An Intro-
duction to the Foraminifera,” at p. 177, states that it has been con-
sidered to be but a development of Globigerina, and that the
young of that genus have been found within it ; in fact it 1s but
a form of Globigerina. 1 think he is quite correct, with the ex-
ception that it does not contain the young of that genus: a few
small chambers attached to each other, precisely as in the com-
monest form of G. bulloides, which are generally of a size incon-
siderable compared with the outer sphere, are all that are found
inside it ; they are firmly attached to its inner surface, and 1 con-
sider them to be its own proper chambers.

Orbuline may have no internal chambers ; sometimes it has two
or three, at other times many may be found within.

I have not met with any Orbuline that have a large aperture
externally ; but their whole surface is perforated with smaller and
larger openings for the passage of the sarcode. Dr. Wallich in
his ‘ North Atlantic sea-bed,” mentions his having found an Annelid
at the bottom of the deep sea, to which he gives the credit of
boring the shells of the Globigerine. I fancy it quite likely that
the holes found in the Orbulina may be due to the same cause.
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The outer sphere may be regarded as a wild-growing closing-
in chamber ; this form of growth is at times imitated by Pulvi-
nulina, the outer chambers of which species then take on the
same texture as is common to the outer chambers of Globigering
(Orbulinag) universa. 1 am indebted to Mr. Parker for showing
me precisely analogous cases m the growth of Cymbalopors and
Discorbina ; but in each of these genera it appears to be much
rarer than in Globigerina.

I propose to make Orbulina a subgenus of Globigerina. The
internal chambers are in form remarkably like those of Gilobigerina,
and like them, also, they present themselves with varying surfaces,
some free from, while others are covered with, spines. The form
without internal chambers has been known under the name of
Orbulyna universa ; 1 propose now to call 1t Globigerina (Orbulina)
wnsverse. The two forms containming the internal chambers may
be regarded as subspecies, and appropriately designated Glob:-
gerinag (Orbulina) continens, n. sp., and Globigerina (Orbulina)
acerosa, n. sp., respectively,—the former being without, and the
latter having, spines on some of its internal chambers. These
spines, as well as those of G. Airsutae, are composed principally of
carbonate of lime. 1 have found that they dissolve in weak acid ;
and under Mr. Parker’s treatment with boiling potassa they were
unaffected, which proves them to be not siliceous.

These spines on G. hirsuta have been looked upon as ossifi-
cations of the pseudopodia; but I find on examination that they
do not take their rise from the centre of the honeycombed de-
pressions of the surface in which the apertures are situated to
admit of the extrusion of the sarcode, but are continuations of
the material of the raised portions of the shell which surround the
hollows. From their delicate nature, most of them get broken
off in the nets; when unbroken, their ends are pointed, not
very finely, but somewhat resembling the ends of Belemnites mu-
cronatus. The texture and formation of these outer chambers in
Globigerina (Orbuling) universa vary considerably—irom a thin,
fragile ball, to one in every respect equalling in thickness the
chambers of G. bulloides.

The habits of Globigerine and Pulvinulina, 1 have proved to
be identical, inasmuch as both frequent the surface of the ocean, to
the possible exclusion of all other forms of the Foraminifera, and
have the power of rising to and descending from the surface.

The one I find placed by Dr. Carpenter at the highest, and the
other at the lowest, end of their respective subfamilies. I think
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it desirable that they should be brought together and made into
a separate and what appears to me to be a mnatural family, for
which I propose the name of Colymbite™.

This family, then, will include two genera that, perhaps, ought
never to have been separated, as their affinities are strongly
marked, and their habits, and probably their structure, differ
from those in the other forms of the Foraminifera. |

Their having the power of rising to the surface surely shows
that the animal must have some special means or organs adapted
to this purpose ; although they may not be distinguishable at pre-
sent to our observation, the fact, I think, may be taken for granted.
This family of the Foraminifera may then be considered to be the
most nearly allied to the Polycystina, which, as I have betore
proved, are frequenters of the surface of mid-ocean.

Observation may yet show us the means used by both to enable
them to rise and sink at pleasure. I may here mention that the
Acanthometre appear to have the same power and habits ; and we
may therefore infer that all these Rhizopods have some portion of
their organization in common: I am not yet prepared to say
whether or not all the recent known Polycystina may be found on

the surface.
Dr. Wallich, in his work on the ¢ North Atlantic sea-bed,” does

not appear to be able to prove quite satisfactorily that the Globi-
gerine which he succeeded in getting from the bed of deep por-
tions of the ocean were absolutely alive at the time taken ; for he
has the following passage at page 136 :—* Under the most favour-
able circumstances and only after the lapse of considerable time
do the shallow-water forms, when in captivity, exhibit pseudo-
cyclosis or extend their pseudopodia; and hence, since 1t 1s in the
last degree unlikely that those brought up from extreme depths
should present these evidences of vitality, we must rest content with
collateral proots: fortunately these are of a very satisfactory kind.”
TFrom this it will appear that the rising of these shells from the
bottom after they have once fallen to it, i3 not yet satistactorily

proved. |
That Dr. Wallich does not consider the Globigerine to be dis-

tributed through the waters of mid-ocean the following quotation
from his work will show; and from it will be seen likewise that
their shells are found as universally distributed at the bottom as
I have proved them to be on the surface. *The minute calcareous
shells of the Foraminifera are the most frequent and widely dis-

* Hrom koAvuBn7is, a diver.
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tributed organizations of the ocean. They occur 1n all seas, in
more or less abundance. But there is one genus (namely Glob:-
gering) which may be regarded as essentially oceanie, since 1t 1s
to be found in all latitudes, and at all depths, ranging {rom 50 to
3000 fathoms. Its seat of maximum development is on the
deepest areas of the sea-bed. There, like the sands of the shore,
it strews hundreds of square miles of surface, and apparently
builds up vast strata. The great superficial current of the At-
lantic does not bear 1t away 1n countless multitudes from tropical
coast-lines, nor does the body of the ocean itself constltute 1t8
habitation.”

To this there 1s the followmg note afixed at page 137 —“ By
sinking very 'fine gauze mnets to considerable depths, I have
repeatedly satistied myself that Globigerina does not occur in the
superficial strata of the ocean. On one occasion a small bag
was drawn up through 700 fathoms of water in a locality where
Globigerina abounded on the sea-bed, without entrapping a single
shell.”

To those whose minds are so constituted as to admit the con-
ception of unlimited time for submarine deposits, the insigni-
ficance in size and quantity of this the Colymbitic family of the
Foraminifera will be no obstacle to believing that the surface is
their home ; others, who wish for a larger and quicker supply to
account for such deposits, must still look, with Dr. Wallich, for
the abundance necessary to suit their views, to what may prove
to be but their sepulchre.

I do not think with Dr. Wallich that it 1s absolutely necessary
for these forms to sink to or to reside at any great depth for the
purpose of recruiting their store of carbonate of lime, which is
there supposed to be held in solution in greater quantities than
at the surface, where, in mid-ocean, it is either altogether absent
or very nearly so; while, on the same authority of Bischoft' as
quoted by Dr. Wallich at page 122, there are more than 3% of
chloride of calcium in every 100 parts of soluble material con-
tained in the salt water of the ocean, which in itself contains 83
per cent. of such soluble matter; and the supply of carbonic acid
can be drawn from the atmosphere, either directly, or after its
having been dissolved by the surface-water which they frequent.
Such a little bit of chemistry, I take it, can be easily performed by
organized beings.

At page 155 of the same work we find the following:—* The
conditions prevailing at great depths render it 1mpossible for
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organisms still constituted to live under them to rise to the sur-
face, or for the remains of these organizms after death to make
their appearance in shallow water.” If this important proposition
at which Dr. Wallich arrived has been really established, then
the rising of the Globigerine to the surface after having once sub-
sided to the bottom, or to any considerable depth, is an 1impossi-
bility. But on the other hand he says, in the same paragraph,
“ The conditions prevailing on the surface of the ocean render 1t
possible for organisms to subside after death to the greatest depths,
provided every portion of their structure is freely pervious to
flmud.”” Now, as the Foraminifera are found living on the surface,
if such laws prevail, they could never have been generated at, nor
risen from, the bottom, but they might have been generated at or
near the surface, and those found below might have subsided
before or after death: we can hardly suppose that the two loca-
lities could produce precisely the same living organisms, if all com-
munication from below upwards, in consequence of the existence of
such a law, bad been cut off between them. I therefore think 1t
most probable that the Foraminifera found at the bottom were
dead, or that they must have some means of again rising to the
surface. Tothose who consider this impossible 1t must be left to
get over the difhicult ground interposed in the form of two or three
miles of water, 1f they still consider that the bottom of the ocean
1s their natural habitat and the place at which they are bred.

I will now proceed to give the results furnished by my nets in
the different localities over which I have worked.

The remarks made on each spot (for which the latitude and
longitude are given) may be generally considered applicable to the
whole space between it and the preceding one; for each portion
was carefully gone over, day and night, in calm and storm, nets
suited to the weather and rate of sailing having been used.

My observations in the Bay of Bengal must be taken as very
incomplete. I was not on any occasion devoting my researches
especially to the Forammaifera, but to other forms of life ; and the
state of my health on the last occasion when leaving India
interfered with my work during the first part of the voyage.

The rest may be depended upon, with the exception of a
few degrees near the Cape of Good Hope. After leaving lat.
37° 8., and long. 26° K., I had no nets out for some three or four
days.

At the head of the Bay of Bengal during the months of No-
vember and December, February and March, I found a few spe-
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cimens of Globigerina bulloides of both forms, No. 1 and No. 2
as here represented (Plate V. figs. 6 & 7), also a very few of
Pulvinuline Menardii. Running down the bay in long. 90° as
~ far as 15° south, these forms continued to be met with, but in no
great abundance. |

In lat. 17°8,, long. 80° E., I met with a very few of G. bul-
loides No. 2, and G. inflata.

From this point to lat. 22°8S., long. 72° E., although the sur-
face of the ocean was not altogether free from IForaminifera, G.
bulloides No. 2 was but rarely found.

In 26° S. lat., and 55° E. long., the Foraminifera for the first
time became at all plentiful. G. bulloides No. 2 was here very
fine in size, and the most common form ; G. wnflate was here very
large, but few 1n number; G. bulloides No. 3 and G. (Orbulina)
universa were likewise present, and the individuals large. '

About 250 miles south of Madagascar, in lat. 29° 8., long. 46° E.,
G. bulloides No. 1 and G. inflata were still fine and plentiful.

In lat. 26°8S., long. 51° K., the centre of this track, where Fo-
raminifera abounded, not a trace of them could be found during
the daytime.

At about lat. 29° 5., long. 43° K., Foraminifera were very scarce.

In lat. 81°8%., long. 31° E., very near the south-east coast of
Africa, there were a very few of G. bulloides No, 2, and I met
with but one specimen of G. bulloides No. 1. |

Running along the coast to lat. 32° 8., long. 30° E., none were
taken in the nets.

In lat. 83°8S., long. 29° E., a very few of G. bulloides No. 2
made their appearance, with one specimen of G. bulloides No. 1.

In lat. 87° 8., long.26° E., the Foraminifera were a little more
plentiful, but still very few, and the individuals small : there were
some of @. bullotdes No.1 and G. buwlloides No. 2, and G. in-
flata was not entirely absent. '

After passing the Cape of Good Hope, and before reaching
lat. 833°8., long. 12° E., 1 found a great change; the Foramini-
fera had become very abundant, very much more so, even, than
they had been to the south-east of Madagascar. G. bulloides
Nos. 1 and 2 and G. inflate were equally common ; but Pulvinuy-
linae Michelintane here made its appearance, a very few small
specimens of Pulvinuling Menardii were also present, and Pulvinu-
lina canariensis likewise showed 1tself,

From this point to lat. 30° 8., long. 9° E., the Foraminifera be-
came still more abundant, and continued so to lat. 21° long. Q°.
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G. bulloides Nos. 2 and 3, G. (Orbulina) universa, and G. inflata
were in abundance, with one or two specimens of P. Menardii.
P. canariensis was moderately plentiful, P. crasse was present,
and I here observed some three or four individuals of @. (Orbu-
lina) universa.

In lat. 28° 8., long. 7° E., the number of Foraminifera found
on the surface had arrived at its maximum. G. inflate was the
principal form ; G. bulloides Nos. 1 and 2, P. canariensis, and
P. Micheliniana plentiful ; a few of G. (Orbulina) universa, and
one or two of P. Menardii were also found.

In lat. 27° 8., long. 5° E., G. (Orbulina) universe became more
common, and many of them were less round in their form. G.
bulloides No. 2 and G. inflata plentiful, but G. bulloides No. 1
not quite so abundant as before; a trace of P. Mickheliniana still
met with.

In lat. 25°8., long. 3° E., the net was towing from four in
the afternoon till daylight next morning, and showed that but
very few Foraminifera were on the surface; there were more of
G. bulloides No. 2 than other forms; G. wnflata was entirely
absent. P. Menardiz was here represented more fully than
hitherto, and by one very large specimen. Although the Fora-
minifera were scarce here, other forms of animal life usually met
with at the same time of day were abundant.

In lat. 23°8., long. 2° B., the Foraminifera werc equally abun-
dant. P. AMenardis were fine and plentiful ; G. bulloides Nos. 1
and 2, P. Aicheliniana, and P. canariensis were all present, toge-
ther with several of G. (Orbulina) universa.

In lat. 22°S., long. 1° E., P. Menardii is found very large, and
appears to be the principal form present, it seeming to have sup-
planted many of the others, with the exception of G. bwlloides
No. 2. . bulloides No. 1 shows two or three specimens also ;
there was one of G. (Orbulina) universa; G. inflata not quite
absent.

In lat. 21° S, long. 1° W., P. Menardiz and G. bulloides No. 2
continue plentitul as before ; G. (Orbulina) universa, P. Micheli-
niana, and G. inflata but show their presence : at this point the
abundance of the Foraminifera appeared to end. It was during
the end of April that 1 sailed over this portion of the ocean.

In lat. 18° S., long. 2° W., very few Foraminifera were met
with—some dozen individuals of G. bulloides No. 2, three of P.
Menardii, and one of G. ( Orbulina) universa.

In lat. 15° 8., long. 6° W,, the same scarcity remained: one
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specimen of G. bulloides No. 1 was found, with a few of G. bul-
loides No.'2 and G. (Orbuling) universa.

In lat. 15° 8., long. 6° W., the same scarmty, this contmued
at lat. 13° S. long 8% W.

In lat. 12° S., long. 10° W., the number of Foraminifera very
shghtly increa,sed to a few of G. bulloides No. 2, two Orbuline,
and one P. Menardiz.

In Iat. 11°5,, long. 10° W, a very slight increase took place.

In lat. 8° 8., long. 18° W., the Foraminifera again became
abundant—@G. bulloides No. 2 and P. Menardiz being equally
fine and plentiful, with a trace of G. (Orbuling) universa and G.
inflate : this was 1n the night of the 12th of May.

In lat. 2° 8., long. 19° W., the Foraminifera had again nearly
disappeared ; st]]l there were a few of G. bulloides No. 2, but
more of .P. Menardis.

In lat. 1° S. long 21° W, but a trace remained of the same
forms. -

In lat. 0° long. 22° W., G. bulloides No. 2 became more
plentiful, with traces of G. inflate, G. bulloides No. 1, and _P
Menardiz.

In lat. 2° N., long. 23° W., there were about the same number
of the FOI'&]IllIllfeI'& as before consisting of G. bulloides No. 2
and P. Menardir, but the latter was here the more abundant of
the two forms. |

In lat. 3° N., long. 24° W., the same observations may be ap-
plied to this part.

In lat. 6° N., long. 26° W., no Foraminifera on the surface.

In lat. 7° N., long. 26° W., a very few of G. bulloides No. 2,
with traces of G. bulloides No. 1, and G. inflata.

A few miles to the north-west of the last spot, @. bulloides
No. 2 and G. wnflate suddenly became more plentiful, and
amongst them L mnoticed two specimens of P. Menardiz and one
of &. (Orbulina) universa.

In lat. 9° N., long. 28° W., the Foraminifera were met with in
great abundance : they consisted of G. bulloides No. 2 and G. in-
Slata, together with a fair supply of G. (Orbuline) universa and a
trace of P. Menardi.

In lat. 10° N., long. 29° W., the Forammﬁera were 1n as greabt
profusion as 1 hzwe ever met with them. G- bulloides No. 1
and G. inflato were the principal forms; but P. Menardii and G.
(Orbulina) universe were well represented, and of &. bulloides
No. 1 there were many individuals. |
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In lat. 12° N., long 30° W., 1 believe the same profusion conti-
nued ; but my nets were broken

In lat 14° N., long 33° W., Foraminifera still continued in
oreat abundance. G@. inflate was the prevailling form ; there were
a few of Q. bulloides No. 2 and G. (Orbulina) universa; 1 ob-
served also traces of G. bulloides No. 1, P. Micheliniana, and P.
Menardii.

In lat. 19° N., long. 36° W., the Foraminifera became rare.
Of Globigerina, G. bulloides No. 2 and G. inflata were the only
forms; but I observed one mdividual of P. Michelinzana.

In lat. 20° N., long. 38° W., no traces of Foraminifera.

In Iat. 30° N, long. 43° W., scarcely a trace of Iforaminifera.
I met with but seven individuals of G. bulloides No. 2. From
the last spot to this, we had passed some Gulf-weed, but 1t was n
very small quantities.

In lat. 83° N, long. 44° W, slight traces of G. bulloides No. 1.

On Dr. Wallich’s authority, I should consider that the Fora-
minifera are, at times and under certain conditions, plentiful on
the surface of the ocean in more northern latitudes in the North
Atlantic; for he has found them abundant at the sea-bottom: (I
quote from page 137) “ between the IFaroe islands and lceland,
between Iceland and East Greenland, and for a considerable por-
tion of the direct route between Cape Farewell and Rockall, G'lo-
bigerina is the prevailing form in the deposits.”

It will be observed that there were places in the Indian Ocean,
and also in the North and South Atlantic, where I found the Fora-
minifera in great abundance—occasionally for one night only, but
generally for many nights in succession, although during the day-
time they were absent from the surface; they did not, then, after
rising once and sinking, entirely disappear from the spot, but
they would on the contrary reappear nightly over many hundreds
of miles of water.

Their presence on the surface did not depend entirely on the wea-
ther ; for in calm nights they have been found absent, or nearly so,
while in fresh blowing weather the produce of the net showed
that they were plentiful.

Further observations, if recorded as the above, will show us
whether the presence of the Colymbite 1s confined to certain
localities, or if they are to be met with in equal abundance at
different times in all parts of the ocean.

In the above list of species met with, G. (Orbulina) unwersa
must be understood to include both the other subspecies, viz.
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acerose and. continens, as, without breaking the outer chamber of
every shell, the difference could not often be determined.

Note.—From the latitudes and longitudes given above, the
ship’s course can be readily laid down on a map; and a more

graphic representation will thus be obtained of the distribution
of the minute ocean-fauna than can be conveyed in words.

DESCRIPTION OF PLATE V.

Grlobigerina ( Orbulina) universa.

G. (Orbulina) acerosa, n. sp.

G. (Orbulina) continens, n. sp.

G. (Orbulina) continens broken through the internal chambers.
. hirsuta,

. bulloides. Form No. 1.

. bulloides. Form No. 2,

. bulloides, Form No. 2: reverse side of Fig. 7.
bulloides. Form No. 3.

. bulloides, Other varieties.

. bulloides. Reverse side of Fig. 11.

. nflata. A sinistral shell,

14. G, inflata. A dextral shell.

10, G. inflata. Upper surface of a sinistral shell.
16. Pulvinulina Menardii.

17. P. Micheliniana,
18. P. crassa. A dextral shell.

19, P. crassa. A sinistral shell.
20, 21, P. canariensis,

Fig.
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On the Otolites of Fish, and their value as a test in verifying
recent and fossil Species. By E. T. Hiee1ixs, Esq., M.R.C.S.
&e. (Communicated by G- Busk, Esq., Sec.L.S.)

[Read May 3, 1866.]

THE object of this paper is an attempt to show that the otolites
of fish have a certain distinctive value in determining the genera

and species to which they belong, and that the close study of them
in the recent forms will enable the ichthyologist to confirm or dis-

prove the specific relationship of recent individuals, and the geo-
logist to determine the affinity of the fossil species. In making

this attempt, it will be necessary to state my belief to what extent
fish possess the faculty of hearing, and, in doing so, to indicate the
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