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magnifying power of the two bodies. At the meeting above re- 
ferred to, Mr. Heisch criticized the form of the central prism. I 
have abandoned that indicated by n h .  Heisch, because the vertical 
surface of the rectangular prism being parallel to the central pencil, 
a certain part of the light is reflected by this surface, and produces 
a kind of fog over the image. I have convinced myself of the 
perfect harmlessness of a parallel plate of glass placed in the direc- 
tion of the image. I n  conclusion, Mr. Heisch mentioned the fact 
that many persons had used the new form with more ease than the 
remarkable arrangement of Mr. Wenham. The cause is to be 
found in this physiological fact ;-that there is a certain difficulty 
in combining the strongly convergent images of the Wenham 
binocular, and also, as a second source of uneasiness, that an ap- 
parent diminution of the size of the image results from the great 
convergence of the pencils. It is therefore to be desired that all 
binocular arrangements should be less convergent. 

VI.-Oa the Vital Functions of the Deey-sea Protozoa. 
By G. C. WULICH, M.D., F.L.S. 

THE confirmation which my views regarding the presence of animal 
life, and the existence of an abundantly distributed fauna at vast 
depths in the ocean, have received, through the recent researches 
of Dr. Carpenter and Professor Wyville Thompson, affords a 
fitting opportunity for reviewing the state of our knowledge of 
such vital phenomena as are involved in the nutrition of the 
abyssal Protozoa, and of determining how far such phenomena ar0 
reconcileable with preconceived notions which prevail regarding 
the conhtions under which alone their existence can be sustained. 

I n  order to place the question in an intelligble light, it is neces- 
sary to call attention to the assumed law which presupposes that 
animal existence cannot be sustained without the previous manifes- 
tation of vegetable life; and to point out why this law cannot be 
regarded as valid in the case of organisms inhabiting the depths of 
the ocean. 

It has been very generally laid down by physiologsts, as indi- 
cating the line of demarcation between the lower portions of the 
animal and vegetable kingdoms, that, whereas the animal receives, 
into a cavity wit+ its body, organic compounds already formed 
which it conqerts .mto nutriment, the vegetable lives upon inorganic 
elements which 1.t Imbibes through its external surfaces only. 
And, doubtless, thls definition holds good as regards those Protozoa 
in which the differentiation of the sarcode has arrived at a certain 
limit. It shall be my endeavour, however, to show that in the case 
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of the Fo&nifera-which are by far the most largely represented 
or&smg at  the bed of the ocean, in point of number, if not the 
most largely represented on the face of the entire earth, and which 
do not belong to the most, but to the least, highly differentiated 
goup of the Bhizopods-nutrition is not derived from organic com- 

already formed, but from inorganic elements present in the 
med;um by which they are surrounded. 

Bat we must retrace our steps in order to substantiate this View ; 
the &st requirement is to show, not only that the condition as 

to the previous existence of vegetable life is absent, but that the 
mn&tion, under which alone vegetable life itself could be maintained, 
5 &.wise absent.* 

The vegetable draws its nourishment, according to Dr. Car- 
penb,t ‘‘ from water, carbonic acid, and ammonia, and is distin- 
&d by its power of liberating oxygen, through the decomposition 
of W ~ ~ C  wid, mder the injuence of sudight.” Now, whether 
we rewd the undoubted absence of aU vegetable forms, in a living 
date, from the deep-sea bed as consequent on the absence of light,$ 
or merely as an attendant condition, it is manifest that the moment 
we have to deal with the lowest type of life in the abysses of the 
ocean, we must seek for some other mode of explaining how nutrition 
is effected. For, a priori, such lowest type cannot be referred 
to the vegetable kingdom ; and if claimed m neutral, the arena of 
discussion may undoubtedly be thrown back a step further, but the 
real difficulty to be overcome remains as great as before. 

These observations, although originally designed to meet the case 
of the known deep-sea Rhizopods, are now brought forward with a 
view to show that, even if we admit the existence of the widely- 
pervdng “zvrsch2einz” which Professor Huxley describes in the 
last number of the ‘Quarterly J o m a l  of Microscopical Science,’§ 
we should not make any advance towards the solution of the problem 
of primordial life, and embarrass ourselves with a fruitless attempt 
to.makko its vital functions amenable to the law which can only 
be strictly applied to organisms of a more complex order. The 
grounds on which I seek to establish this view will become appa- 
rent as I p r d .  

* Althougl:l1 these questiona have been fully discussed by me, at p. 95 et postea of 
my ‘North Atlantic Sea Bed,’ published in 1862, it is necesmrp to revert to then1 

Order to ~ ~ O I V  their bearing on the view which has been recently propounded 
regarding the esbtence of B universally distributed deep-sea protoplasm, to mhicll 
the name of Bdhybiue has been given by Professor Huxley Qwrterly Journal 
Of Micr-copical ~lcience; October, 1868). 

+ C : t ~ ~ l k r .  on *me ~ldicroscope,’ 1856, p. 263. 
One Of the ~~ important inquiries in connection with the question of life at pat depths iy that touching the penetration of the chemical rays of li$t ; and 

It pnll doubtleba be mpther Of the achievements of Photography to solse‘ it. ’ “ On some Quarterly 
Journnl o f ~ i c r m ~ l d  science,’ for October, 1868, p. 210. 

VOL. I. 

from Great Depths in the North Atlantic,” 
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Professor Huxley, speaking of the (( stickiness ” of the deep-sea 
mud, says i t  ‘( contains innumerable lumps of a transparent gela- 
tinous su3stance. These lumps are of all sizes ( * * * ). When 
one of these is submitted to microscopical analysis it exhibits, 
imbedded in a transparent, colourless, and structurelees matrix, 
grawles, coccoliths, and foreign bodes.” Again, after declaring the 
importance of keeping the questions of fact arising out of such 
an inquiry apart from questions of interpretation, he proceeds to 
inform us that he ‘( conceives the granule-heaps, and the transparent 
gelatinous matter in which they are imbedded, represent masses of 
protoplasm.” To these masses of protoplasm he “ proposes to give 
the name of Bathybius;” and he adds-“From the manner in 
which the youngest Discolithi and Cyutholithi are found imbedded 
among the granules; from the resemblance of the youngest forms 
of Discolithi and the smallest corpuscubs of Cyatholitlzus to the 
granules ; and from the absence of any evident means of mainfain- 
ing an independent existerne in either,” he is led to believe ‘( that 
t,hey are not inde endent organisms, but that they stand in the 

sponges or of the Radiolaria do to the soft parts of those animals.”* 
Leaving the question as to the nature and significance of 

Bathpbius to be discussed in a future portion of this paper, I have 
to submit my reasons for asserting-firstly, that the free Coecoliths 
met with have invariably been derived, in the first instance, from 
the spherical bodies which were rliscovered by me, in 1860, in 
soundings from the North Atlantic (and to which I assigned the 
name of Coccospheres, as indicative of their relation to the Coccoliths 
of Professor Huxley) ; and secondly, that the Coccospheres stand in 
no direct relation to the supposed protoplasmic substance. which has 
been alluded to. 

Both Coccoliths and Coccospheres were, for the first time, minutely 
described and figured in a paper by me which appeared in the 
‘ Annals and Magazine of Natural History,’ for July, 186l. t  They 
lid, however, been previously referred to, in my ‘Notes on the 
Presence of Animal Life at Vast Depths in the Ocean,’ published 
immediately after my return from the North Atlantic, in November, 
1860. In the latter paper they are thus alluded to:--“ In almost 
every sample of Globigerina ooze these bodies (Coccoliths) have 

@me relation to t ! e protoplasm of Buthybius as the spicula of 

* Lac. n’t., py. 205 and 210. 
t The enrliest actual notice of the bodies ralkd CaccoZit71s wns that afforded in 

1858 by their discoverer, Professor Huxley, in some remarks apprnded to Captain 
Dayman’s ‘ Report on Deep-sea 5ouiidinga.’ They mere there described as I‘ curious 
rounded bodies, to all appearance consisting of several concentric lnyew, surrounding 
a minute clear centre, and looking, at first siglit, somewhat like single cells of the 
plant Yrotocoecus. As time bodies, however, are mpidly and completely dissolved 
by dilute acids they cannot be orgnnic.”-(‘DeepSea Soundings in the North 
?\tlnntic, nlnde in 1I.JI.S. Cyclnps, by J’icntcnxnt-Commaiider J. Dayman, 1858,’ 
p. 61.) 
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been detected by me. But I have also invariably fomd associated 
with them, in greater or less quantity, certain cell-like masses, the 
average diameter of which is about &h of an inch, o n  the z n m e -  
&are surface of which minute bodies were regularly arranged at  
intervals, so closely resenzblitag the f r e e  Coccohtlls in loolc and 
structure as to leave little doubt that the latter are given off from 
the former in some way.” I add that “the association of the 
largest nnmber of both of these kinds of bodies in the soundings 
in which the Globigerinir were in greatest quantity and iu the 
pures t  cowditioib, is worthy of notice, ancl is almost suggestive of 
their being the larval state of these organisms.”” Agam I state 
(p. 17) that, ‘‘ in the nearly pure Globiqerina deposits, there is no 
tenacity (“stickiness ”) whatever, the c i inute  amorphous particles 
necessary for the production of the oozy quality being almost 
entirely alxetzt. They therefore appear to the naked eye m mere 
aggregations of clean fine sand.” 

Professor Huxley seems to have been unaware, from what he 
says in the fourth paragraph of his paper above referred to, that 
I not only ‘‘ suggested ” tliat the Coccollths proceed from the Cocco- 
spheres, but most distinctly stated (in ‘ The Annals,’ Jnly, 1861, 
par. 2), that I found the Coccoliths occurrin,r “ as acljuncts to minute 
spherical cells, upon the outer surface of which they iyere adherent in 
such a manner as to  leave no  doubt of that being their normal  posi- 
tion.” This paper is accompanied by figures of the bodies under 
notice, and includes the following description :-“ On reference to the 
annexed woodcut it w i l l  be seen that the composite bodies to which I 
allude, and to which I propose to give the name of Coccospheres, are 
minute spherical cells, having a defined limitary wall, and that upon 
their outer surface the Coccoliths are arranged at nearly regular in- 
tervals.” Owing, however, to the delicacy of the structure and its 
minuteness, I had failed, at  that period, to ascertain whether the 
wall of the cell is single or multiple, sncl also failed to trace the true 
double-disc formation of the Coccoliths Tvhich has very recently been 
pointed out by Professor Husley,t and which I am now able to 
confirm in most respects. 

Professor Huxley describes, however, what he calls a “ g r a n u l a r  
zone’’ as possibly constituting an integral portion of the G‘occolith 
structure, and occupying more or less of the space intervening be- 
tween the two unequal-sized plates of which it is composed. 

Under none of the conditions in which perfect Coccospheres have 
been examined by me (and I have examined them in immense num- 
bers, both in a recent state and in the preserved material of the 

The Monthly MlCrOSCOplC8l 
Jollmnl, Jnnuay 1,186 1 ] Deep-sen Protozoa* 

* LW. &t., p. 14. Additional evidence of tlie relatiou between these bodies and 

t In the paper already referred to a8 published in  the ‘Quarterly Journal of 
the pmaminifera will be given hereafter. 

~ c ~ o p i a t l  Science; Oct., 186s. 
n 2  
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soundings) have I met with any proof that this zone exists as an 
integral or even occasionally integral portion of the structure. In- 
deed Prof. Huxley admits that it is not visible whilst the Coccoliths 
are still adherent, either in what he calls the “loose ” or the “ com- 
pact ” type of Coccosphere. 

On the other hand, where detached Coccoliths are to be found 
mixed up with the more muddy deposits of the sea-bed, or the debris 
of minute animal and vegetable matter with which they are asso- 
ciated when met with as free floating organisms which have been 
taken into the digestive cavities of the Salpe and minute Hyclrozoa 
of tropical seas,” granular particles, in each case partaking of the 
character and colour of the minute matters by which they were 
surrounded, may often be seen to occupy the space indicated. But 
there does not appear to me to be any direct proof that the 
granular zone is anything more than a mere accidental accretion; 
or that it owes its presence t o  any inherent condition without tuhich 
the organism would bd incomplete. Moreover, as might be antici- 
pated, in those cases where the Coccoliths occur in the material of 
the soundings, granular particles, apparently identical in composition, 
may be seen to occupy the minute cavities in dead shells of Foramini- 
fera, in mineral masses, and the like. 

The most remarkable circumstance, however (as showing that 
there is not necessarily any connection between Bathybius and the 
development of the Coccoliths and Coccospheres), is to be €ound in 
the fact that in those pure Globigerine deposits in which there is 
scarcely a trace of muddy or slimy substance, the Coccospheres and 
Coccoliths exist also in profusion, and the latter but rarely present 
the appearance of B granular zone. 

I may state that, after a careful and long-continued study of these 
organisms, whether occurring as fiee-floating inhabitants of the sur- 
face waters of the Indian Ocean and tropical portion of the Atlantic, 
as constituent particles in the deposits being formed at the bottom 
of existing seas, or amongst the fossil earths of the Post-tertiary 
period, I see no reason to alter my opinion by regarding the free 
Coccoliths as having been derived from any other source than their 
parent Coccospheres. In some deep-sea deposits, as stated by Prof. 
Huxley, free Coccoliths do certainly occur in overwhelming number 
as compared with Coccospheres. But, on the other hand, it is equally 
true that, at times, Coccospheres are present in great abundance, 
whereas free Coceoliths are, comparatively speaking, scarce.? Couphg 

* I may repeat here, what I announced cursorily in a paper on the Polycystinu, 
read by me on the 10th May, 1865, before the Microscopical Ebciety, and published 
iu the ‘Traiisactions’ for that year; that I had also discovered Coccoliths iu the 
Barbadoes and other fossil earths ; and Coccospheres as free-floating organisms in 
tropical seas. Towards the close of the same year, I agiliu found themin abundance 
in thc British Channel. 

t In my previously published obscrvation on the nature of the ‘‘ oozy ” depnsits 
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these facts, therefore, with another very important one, namely, that 
perfect Coccospheres are to be met with of every intermediate size 
between the do3th and d8th of an inch in diameter or length,* I 
am induced to believe tliat the free Coccoliths are formed in every 
instance on, or pari passu with, the spheroidal cells on which they 
rest ; the state of attachment to these cells being the normal as well 
as pristine condition. That they revert at  any future stage of their 
life history, after once becomming free, to their original composite 
state, there is no recorded evidence forthcoming to prove. 

The question here ariges, have these bodies any intimate con- 
nection with the origin or development of *.he Foraninifera of the 
deep-sea deposits? NOW, although the evidence on this head is very 
far from being conclusive, it is, I venture to say, sficiently definite 
to countenance such a view. In  some of the deposits in which both 
Foraminifera and Coccospheres abound, Coccoliths are to be met with 
arranged in an order so like that in which they occur on the Cocco- 
sphere cells, both on indivirluals of the Nodosmian Textularian, 
Rotalian, and Gloligerine types, that no reasonable doubt can exist 
of their having more than 3 mere accidental relation to the surfaces 
they rest upon. Thus I have foiind, side by side, the perfect Cocco- 
sphere with its full complement of Coccolitlis still adherent, and 
cells on which the number of persistent Coccoliths gradually dwindled 
down till only one or two remained, and it became impossible to 
determine whether I was looking at  a Coccosphere cell or a 
“ primordial segment ” of a Foraminifer. In  both cases (as formerly 
pointed out by me in The Annals ’ t) the characteristic cross 
evoked by the polariscope is observable, whilst the density and 
specific texture of t,he cell or shell varies apparently with its age; 
until, in some specimens, we have actually presented to us the corn- 

lete Foraminifer studded externally, throughout its surface, with the 
80~coliths in regular series. The subjoined extract is taken from 
of the Atlantic, I have dwelt on the striking difference in character that exists 
between the immediate surface-layer of the sea-bed, and the fitratum beneath ; and 
have pointed out why all living animal structures must necessarily be confined to this 
wrface-layer. Although i t  is now too late to put the matter to the test-at1d a de- 
@hive opiuion on the subject can only be formed by an analysi~ of the deposits the 
moment they are obtained-it would seem probable that  the prepoiider;lnce of 
Wrfwt structures, as compared with their exuvis or dehiu, is to bc aowuuted for 
on the supposition that, inasmnch itd the  furmer occur on the surface, whilst the 
latter beconic the sub-str:Ltum, this preponderauce when observable under the 
mwoscope, presents itself as a portion of the surface-layer or the sub-stratuui 
happens to be examined. I t  is quite certain, moreover, that even in the ease of 
fie Pmerved specimens of deep-sea deposits, portions picked out from different levels 
Present diKcrent relative quantities of tlieseand other structu es also 

* As will be shown on a futnre occasion, some of the fre%a&iig Coecospheres 
*re oblong. I t  may be mentioned also that although I have here uoted &,th of an 
inoh as the largest observed size, very much larger specimeus must in all probability 

hasmuch as I possess mounted specimens of Coccoliths which themselves 
memure of an iucli across their longest diameter. 

t ‘ Annals and Magazine of Natural History,’ July, 1861, and January, 1662. 



38 Tlie Yontlils Micrcscoplral l l i e  Yitd Fmctions .f the [ Joumal, J.iuu.iry 1, 1359. 

a volume of MS. figiires and clescriptions which I had the honour 
of presenting to the Royd Microscopical Society of London last 
year, and relates to the accompanying sketch of a mature eight- 
chambered Textularian shell, each se,ment of which is studded with 
Coccoliths. The specimen referred to was obtained along with 
numerous others, from a depth of 1913 fathoms (upwards of two 
miles) between the coasts of Greenland and Labrador. 

c4 The eight cells constituting the Textularia are quite perfect, 
and increase in size in the usual manner, from the earliest-formed 
to the last-formed chamber. The Coccoliths on each chamber are 
placed in so regular an order as to leave no doubt whatever regard- 
ing their being component portions of each calcareous cell. Their 
structure, moreover, from the clear character of the entire shell, is 
distinctly visible even under a &inch lens. Texttclark thus con- 
stituted are by no means so rare as I imagined when I wrote the 
notice of the discovery in ‘ The Annals ’ (already referred to above). 
In every slide of certain soundings one or more generally occur. 
The material of this slide has been boiled in Liq. Potassct: without 
any apparent effect on tlie Coccoliths or Coccospheres. Close by, 
but detached from the Texttilciria here figured, are several perfect 
Coccospheres, by means of which a ready comparison and proof 
of the identity of the cells of the Foraminifer with them can be 
obtained.” 

These are the facts, so far as they have as yet fallen under my 
observation. It remains for future more extended inquiry to deter- 
mine with certainty their true significance. 

Regarding the expediency of attempting to establish a new 
grade of animal life possessing characters as yet so obscure and 
indefinite as that on which Professor Huxley has conferred the 
name of Bctfhybizis,* 1 be$ with great deference to express my 
doubts. In the first place, because I can see no reason to deny to the 
structure called a Coccosphere, quite as independent an individuality 
as is observable in Thalnssieolla or Collosphma. In the second, 
because the very name Bntl~ybius, if its substance is supposed to 
hare any immediate connection with the presence, the development, 
or the nutrition, of the lower forms of animal life which inhabit tho 
ocean, is in direct antagonisiu to the occiirrence of surface-living 
forms, for the nutrition and development of which a separate pro- 
vision mould have to be made. And, in the third and last place, 

* . Qu:ii tcrly Journal of Microscopical Peieuce,’ October, 1568, p. 210 et p08ten. 



because it appears to ine that analogy, and the bulk of direct evi- 
dence, is in favour of the supposition that this widely distributed 
protoplasmic matter is the product, rather than the source, of the 

It is true that the evidence afforded by EOZOO~L may be cited in 
support of Bathybius. But we must not lose sight of the fact that 
of the animal of EOZOOTL we know as yet extremely little beyond its 
having been recognized by Professor Carpenter as distinctly of a 
Rhizopodous type ; and certainly not enough to warrant the infer- 
ence that its body-substance was less highly differentiated than that 
of an ordinary Foraminifer ; or that each individual, within certain 
limits, may not have been distinct, though inhabiting a structure us 
vast, in its general proportions, as the coral reef. 

But apart from the insdciency of the evidence on which the 
existence of Butlybius rests, it appears to me that, even were it to 
be accepted aa conclusive, we should not approach a singk step 
nearer to the solution of the problem it may be desired to eluci&ite- 
that is, the mode in which the earliest existing form of animal life 
manifests itself and, in the absence of the conditions without which 
vegetable life of the most primitive kind cannot be present, obtains 
nutriment ; and becomes, in its turn, food for organisms of a some- 
what more complex structure. 

Like most theories which admit of being directed towards th0 
solution of the mystery in which the boundary between the animal 
and vegetable kingdoms has hitherto been shrouded, the idea of A 
widely pervading protoplasm-layer (drawn on the one side from the 
assumed analogy of Eozbon, and on the other from a substance of 
the exact relation of which we have ako still much to learn, namcly, 
(Ethaliunt) would merely thrust before us one difficulty instead 
of another. For, even if we allow the existence of Buthybius as an 
independent organism, it would still become necessary to invest 
it with an exceptional specific property-namely, of being able to 
convert inorganic elements into its own body-substance. 

If there really occurs in nature a stage (if it may be so termed) 
at which an exception takes place to the law on which we are accus- 
tomed to base the statement that matter already become organic 
is essential for the sustenance of the life of the animal, it is of httle 
moment, so far as the question itself is concerned, whether such ex- 
ception occurs in the case ofBcdhybi.rcs, of the Coccoqhere, or of the 
Foraminifer. But surely it is the 1-t inconsistent with probability 
to assume that an organism such as a Foraminifer, of whose exist- 
ence there can be no doubt, and which exhibits s a i e n t  differenti- 
ation of its parts at once to stamp it with the attribute of active 
vitality, should be able to ehminate, from the inorganic elements by 
which it is surroundec?, the particular ones which enter into the 
composition of its own body-substance. I n  short, what I seek to 

forces which are already in operation at  the sea bed. 
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establish is, that in theJowest Order of the animal kingdom, and 
in the lowest subdivision of that Orcler, where differentiation has 
not proceeded beyond a given point and even such indications of 
specialized structure as a definite cr nucleus ” and “ contractile 
vesicle ” are altogether absent, nutrition is effected by a vital act 
which enables the organism to extract hydrogen, oxygen, carbon, 
nitrogen, and lime fi-om the surrounding medium, and to convert 
these ingredients into sarcode and shell-mated. 

This is, no doubt, in direct opposition to preconceived notions 
of the distinction existing between the Protophyta and Protozoa, but 
I cannot help thinking that, on a closer scrutinyof the grounds 
upon which the distinction is based, it will be found to have its 
foundation in words rather than in established facts ; and that the 
vital attribute now claimed for the lowest Protozoon is, in reality, 
as compatible with reason and observed phenomena as some of the 
other attributes which have been unhesitatingly acceded both to 
the Protozoa and the Protophyta. 

According to Dr. Carpenter, whose well-merited reputation as 
one of the leading physiologists of our time needs no comment of 
mine, “There is reason to consider the shell-substance of the 
Foraminifera as an emretion from the protoplasmic mass of which 
the body itself is composed, just as the cellulose wall of the vege- 
table cell, which may be consolidated by carbonate of lime (as in 
Corallines), or by silex (aa in Diatoms), is an excretion from the 
contained endochrome.”* But inasmuch aa the term ‘‘ excretion ” 
involves vitality; or, to put the case in other words, since the shell- 
substance would not be excreted were the animal dead, it is obvious 
that the process is, in point of fact, one of secrefioB, dependent, in 
the first instance, on the creature’s power of eliminating carbonic 
acid and lime from the waters it inhabits ; and, in the second, of 
reproducing carbonate of lime in the shape of its shell-substance. 
Unless we admit this explanation, it is difficult to see how me can 
escape the more serious dilemma of having to assume that solid 
Rtoms of carbonate of lime are merely passed mechanically through 
the animal’s body, going in at one side in the shape of solid atoms, 
and coming out at the other in the shape of specially conformed 
shell-tissue. And, be it observed, the mme objection holds good &g 

regards the process by which the ‘‘ consolidation ” of the cellulose 
wall-by carbonate of lime or silex, as the case may be-takes place 
in the Protophyte. For it is only so long as we consent to be hood- 
winked by a definition which cannot, under any circumstances, be 
accepted as universally applicable, that any doubts can arise as to 
there being a gradual, and not a sudden, transition from the confines 

* “On tho Systemitt~c Airangmlcnt of the lllii~olmdn,” ’ hrLt(iiiJ HistJiy 
L t i e m , ’  No. 4, October, 1561, p. 472. 



of one kingdom to the other. But, for reasons already assigned, 
this transition, from the vegetable side, is not, and probubly cannot 
be, completed under those conditions which prevail below certain 
fixed limits of depth in the ocean. 

If we admit this much ss regards the process of shell deposit, the 
ground is at once cleared for us ; and, mutatis mutandis, the elimi- 
nation from the surrounding waters of the elements entering into 
the composition of body-substance, and their conversion into t,his 
substance by a specid vita1 force inherent in the protoplasmic mass 
itself, and diffused, in all probability, throughout its substance, 
becomes at once as easy of comprehension as any vital act can be * 

Lastly, if Batlybizcs be assumed to constitute the nutritive 
substance of Globiye~iizn, it  follows that, where the largest and 
purest deposits of that Foraminifer present themselves, there must 
be the greatest supply of the nutritive protoplasm. But this is the 
reverse of what we find to be the case, inasmuch as amongst the 
purest Globigerine deposits where these organisms amount to 80 
or 85 per cent. of the entire mass, hardly a trace of gelatinous 
matter is observable. 

WI.-On the Mode of Formation of the Blastoderm in some 
Groups of Crustacea.t By M. EDOIJARD VAN BENEDEN, Dr. en 
Sciences A Louvain, and N. EMZE BESSELS, Dr. en Sciences i 
Stuttgart. 

k splendid researches of Rathke on the development of Crustacea 
contain but a few vague statements relating to the formation of 
the blastoderm, and which are not of a character to meet the actual 
exigencies of science. The various naturalists who subsequent to 
Rathke worked at the development of the Arthropoda have entered 
into this important problem of the mode of formation of the fist 
cellular layer of the embryo. The conflicting results at which they 
have arrived axe clue in part to real differences which occur in the 
manifestation of one and the same phenomenon, and in part to 
differences of interpretation. 

For a long time it had been doubted whether total segment a t‘ ion 
took place in Crustacea; but the phenomenon has been demon- 

* As no useful purpose would be scrved, so far ns the present question is con- 
cerned, by inquiring at  what point physical forceJ enter im cLimpetitioii with 
those which are vital, I have abstained from complicating the sulject by rrfereiico 
to them. 

t M. Van Beneden, nlin has vcry kindly supplied us with the follon’iiig 
abiJtract of his memoir to be published ill the ‘ Rccucil des ilI6moireu’ of the 
Royal Acndcmy of Belgium, has furnivlecl it cxprcasly at our request. 


