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f a~u la  rnay have been contemporary n-ith several 
successive marine faunae. At present our lciiowl- 
edge of the terrestrial fannae of past epochs is so 
slight that  no practical difficulty arises from rising: 
as we do, sea-reclroning for land time. But I tliinli 
it is highly probable that  sooner or later the inliabit- 
ants of the land n-ill be found to lia\-e a l~istory of 
their own." 

TVhen these words n-ere written, more than tweilty- 
four years ago, scarcely oiie of the geological details 
to which Mr. Blmlford called attention was knowli. 
EIe iieed not point oa t  how nronderf~~l a coillnientary 
such details have afforded to Professor EInxley's 
views. But there is, he believed, an additional distinc- 
tion between land and marine faunas, that reqaires 
notice. At  the prcsent day the difference betn-een 
the land-faunas of different parts of the worlil is so 
vastly greater than that bet\veen the rilarine faunas, 
that if both mere fonncl fossilized, whilst there would 
be but little difficulty in recogniziirg different nlarine 
deposits as of like age froin their organic rernains, 
terrestrial aiid fresh-water beds moult1 in ail proba- 
bility be referred to widely differing epochs. 

Our present Irnomledgs of tlie distribution of ler- 
restrial and n~arirle famias and floras can he only 
briefly treated, h n ~ o n g  u~ammals a ~ ~ d  reptiles, the 
marine forlns are generally the most widely tliffosed. 
Fishes give better illustration: eighty fmnilies are 
typically marine, ancl twenty-nine are confined to 
fresh water; of the first, fifty are ~iniversally, or 
ahnost ilniversally, distribnted; mhile of the second, 
only one (Cyprinidae) is found in five of 7Vnllace1s 
regions, and not one is inet with in all six. I t  is 
impossible to conceive a greater contrast. The dis- 
tribution of land and sea 3Iollusca leads to a similar 
conclusion as to the relatively narrow range of the 
land forms. Throughont the i~ l a r i~ l e  invertebrsta, but 
Pew generic ty,pes are restricted to particular seas : the 
majorit,y are found in suitable habitats eyer a large 
portion of the oceans. Indeed, the marine provinces 
that  have been llitherto clistii~guishecl are founcled 
rather on specific than on generic distinctions. 
Botany offers a still more remarliable example: so 
uniform is the rnaririe vegetation of the world, that  
no separate regions can be establishecl in the ocean, 
while Drude ulalres fourteen on the land. 

Nr.  Blanford allucled to the evidence of the exist- 
ence of land-regions in past tinies. Proofs are already 
accumulated of differences bet~veen the fauna of dis- 
tant countries in tertiary times. The eocene, miocene, 
and pliocene Vertebrata of North America differ qnite 
as much from those of Europe as do the genera of the 
present day; and there was as much distinction be- 
tween the marnmalia of the Himalayas and of Greece 
when the Siwalik aiid lJikerini faunas were living as 
there is now. The reptiles of the America11 Jurassic 
deposits present wide differences from those of the 
European becis of that age. But there is no reason 
for supposing that  the limits or relations of the zoo- 
logical and botanical regions in past tirpes were the 
same as they now are. I t  is qnite certain, indeed, 
that the distribution of lalid-areas has linclergorie 
enormous variations, ~vhether the great oceanic tract, 

has i.i~~iiaini:d unchangecl i n  its general outlines or not ; 
aud tile migration of the terrestrial fauna and flora 
rnust liave been dependent upon tlie presence or ab- 
sence of land coiilmuuicatiou betweell different coli- 
tinental tracts : in other ~ o r d s ,  the terrestrial regions 
of past epochs, although just as clear1~- rnarlied as 
those of the present day, lvere very differently dis- 
tributed. 

The idea t l ~ a t  marine and terrestrial faunas and 
floras vere  similar tlirougliout the world's surface in 
past, times, is so ingrained in paleontolo~ical science, 
that it mill reriaire Inany years get before the fallacy 
of the ass~uilption is generally aclmittecl. No circntil- 
stance has contributed iiiore widely to the belief than 
the snpposed universal diffusion of the carboniferons 
flora. The evidence that  llie plalits which prevailed 
in the coal-rneasnres of Europe were replaced by to- 
tally different fornis in Australia, despite the closest 
siruilarity in tlle marine inhabitants of the two areas 
at  the period, will probably go far to give tlie death- 
blow to an hypothesis that rests upon 110solid gronnil 
of obserration. I n  a vast number of instances it has 
been assnmed that  similt~rity between fossil terres-
trial famias and floras proves identity of geological 
age; and by arguing in a vicious circle, the occwrence 
of similar types, assumed ~vithont sufficient proof to 
belong to the same geological period, has been alleged 
as evidence of the existence of similar forins ill dista~lt  
countries at  the same time. 

I t  nlay perhaps have snrprisecl some, that Mr. Elan- 
forcl scarcely alludecl to ally Anlerica~l fornlations, 
and especially that he  had not rilentio~lecl so well- 
knon~il and interesting a case of corlflictilig paleon- 
tological evidence as that of the Laranlie group. His 
reason nras simply, tha t  there mere probably maliy 
present who nrere personally acquainted with t l ~ e  
geology of t8he American cretaceons ancl tertiary becis, 
a ~ ~ dwho were far  better able to judge than lie of tlie 
cviclence as a mliole. To all n h o  are staclging such 
questions in America, he thought it n-ould be more 
useful to give t8he details of similar geological puzzles 
from the eastern hemisphere: tllnn to attempt all 
imperfect annlysis of difficult problems in the great 
wester11 continent. 

THE PHYSIOLOGY OF DEEI3-SEA LIFE.' 

Trr~physiologyof the deep-sea life has, nnlil lately, 
received but little attention fro111 professecl physiolo- 
gists. No one has yet set forth the numerous cliffi- 
culties nhich are e~~courilered, when the attempt is 
n ~ a d eto coniprel~end the mode in which the ordinary 
pllysiological processes of Vertebrata and other ani- 
nlals are carried on under the pecnliar physical con- 
ditions ~ l i i c h  exist at  great depths. 
ii B~~owlerlgeof the conditions under which gases 


occar 111 a state of absorption in tlle ocean-waters 
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is of primary importance to the physiologist. I t  
appears from the results of Professor Dittmar's 
researches into the composition of the ocean-water 
collected by the Cliallenger, that, contrary to what 
mas before suspected, the presence of free carbonic 
acid in sea-water is an exception. Hence, with re- 
gard to Xr.  Murray's interesting discovery, that, after 
certaiu depths are reached, pteropod sl~ells are dis- 
solved, anti disappear from the sea-bottom, and at 
certain farther depths Globigerina shells suffer the 
same fate, Professor Dittnlar 11olds that the solutioil 
is not due to the presence of free acid, ba t  to the sol- 
vent action of the sea-water itself. Thus the amount 
of carbo~lic acid present throughout ~ lo rma l l j~  the 
ocean cannot be j~iinlical to life; but there nlust be 
in the depths of the ocean numerous bodies of 
richly carbonated water. 

Frelich physiologists have lately corriiuenced re-
searches 011 some of the problelns of deep-sea life. 
Esperime~ltshare  been made by Mr. Regnard with a 
view of determining the effects of lligli pressures, 
corresponding with those of the deep sea, on various 
organisms. Yeast, after being exposed to a pressure 
of a thousand atmospl~eres, eclaal to a depth of about 
sixty-five hundred fathoms of sea-water, for a11 hour, 
was mixed with a solution of sugar. An lio~ur elapsed 
before any signs of fermentation appeared ; and a mis- 
ture of yeast and sugar solution did not fernlent at 
all whilst under a pressure of six hundred atmos- 
pheres, equal to a deptll of about thirty-;he hun-
dred fatl~oins. Algae, seecls of pha~lerogarnic plant,s, 
infusoria, and even Mollnsca and leeches, were found 
to be thrown into a con~lit~ion of sleep, or latency, by 
exposure to sinlilar pressures, recovering from this 
co~ldit,ioi~aft,er a shorter or longer period of return 
to normal conditions. A fish without a swimnling-
bladder, or one with the bladder emptied of air, may 
be submitted t,o a pressure of a hundred atnlospheres, 
eqaivalent to a dept,h of six hundred and fifty 
fathonls, without injurious effect. A t  two hundred 
atmospheres, ecluivale~lt to a. depth of thirteen llun- 
dred fathoms, it becomes torpid, bat  soon revives 
when the pressure is removed. At three hundred 
:ttmospheres, equivalent to a depth of about two 
thousand fathoms, the fish dies. These experilnents 
are of the highest interest. The pressure made use 
of Tjras obtained by nleans of n-ater, in the absence of 
air other than that absorbed at  the rlorrnal atmos- 
phere pressure ; and thus the physical co~lditions 
prodnced were closely sirnilar to tliose actually es-  
istent in the deep sea. They are the first of t,heir 
liind. 

Professor Paul Bert's somewhat similar experi-
llle~lts related to a different question altogether ; 
namely, the effect, on  aquatic organisms, of water 
subjected to the pressure of conlpressed air. He 
found that  young eels were rapidly liilled rvhen sub- 
jected to a pressure of only fifteen atmospheres, and 
could not survive one of even seven atrnospheres for 
any considerable time. H e  pointed out the essential 
difference between the conditio~ls produced in such 
experiments and those existing in the deep sea, where 
the charge of oxygen contailled by the water has been 
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talien up at  the surface under a pressure of one at,- 
mosphere only. 

A qnestion of the utmost monient, and one tha t  
has received a good deal of attention, is that as to 
the source of food of the deep-sca animals. Certainly 
a large proportion of this food is derived from the 
life on the ocean-smface. The cl8b~isof pelagic ani- 
mals siillrs slowly dow~lmards, forming on its passage 
a sparsely scattered supply of food for ariy anin~als 
possibly living at  interniedinte depths, but becoming 
concentrated, as it were, on the bottoni. A large part 
of the food-supply is also derived fro111 the debris of 
the coasts, either directly from the littoral zone, 01. by 
rivers and the action of the tides fro111 terrestrial life. 
Deep-sea life appears to dinlirlish i n  abundance as 
coasts are receded from. U~lfortnnately, our knowl- 
edge of pelagic vegetable life is very imperfect, and it 
is to be hoped that  bota~lists may be led to take up t,lle 
subject. I t  will then be possible to forill a nearer 
estimate of the ext,ent to which plants are capable of 
forming a sufficient ultimate food-source for the 
greater part of t,he pelagic fauna, and, through it, of 
deep-sea life. The question is of irnpol.tance; be- 
cause, if the deep sea derived its main supply from 
the coasts and lal~d-surfaces ill the early llistory of 
the habitation of the globe by a~limals, there call 
haye existed scarcely any deep-sea fauna until the 
littoral and terrestrial faunas and floras had become 
well established. I t  seems certain that the food, as it 
reaches the deep sea,, is nlostly in the form of dead 
iuat,ter; and i t  limy be that  the long but slender 
backward-directed teeth of marly deep sea fish, re- 
senibling tllose of snakes, are used rather as aids 
for swr,llowing vllole other fishes ~vhich  have fallen 
from above, deacl, and thus making the best of an 
.occasional opportunit,y of a meal, than for calcliing 
and liilling living prey. 

Sfany interesting results may be expected when the 
histology of animals from great depths comes to be 
orl lied out, ancl especially that of the special sense- 
organs. At  present very little has been attempted in 
this direction; principally, no doubt, because deep-sea 
specimens are too precious to be used for the pur- 
pose. With regard to the all-important question of 
the nature of the light undoubtedly present in the deep 
sea, i t  is hardly possible to accept Professor Verrill's 
recent startling suggestion (Science ,  ir. S ) ,  that  snn- 
light penetrates to the greatest depths with perhaps 
an intensity a t  from two thousand to three thou- 
sand fathonls, equal to that of some of our partially 
moonlight nights. Such a col~jecture is entirely at  
varinnce with the results of all experilnents on the 
penetration of sea-water by sunligllt, as yet made by 
physicists,- results which have prevented other natu- 
ralists from adopting this sol~ition of the problem. 

The progress of research confirins the conclusions, 
early formed, t,llat i t  is impossible to determine aIig 
saccessive zones of depth in the deep-sea regions, 
characterized by the preseilce of special groups of 
animals. Some groups of animals appear to be char- 
acteristic of water of considerable depth; but rep- 
resentatives of them struggle up into much shallower 
regions. There are numerous genera, and even spe- 
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cies, which range even from the shore-region to great 
depths. These facts add seriously to the difficulties 
encountered in the attempt to determine approxi- 
mately the depths a t  which geological deposits have 
beell found. Dr. Theodore FLIC~Shas attempted to  
determine what geological strata should be considered 
as of deep-sea formation; but, as he defines the deep- 
sea fauna as commencing at  a hundred fathoms, and 
extending downwards to all depths, his results have 
little value as indicating the depths of ancient seas, or 
the extent of upheaval or depression of their bot- 
toms. Mr. John Murray has shown tliat the depths 
a t  which modern deep-sea deposits have been formed 
can be approxirnately ascertained by the exa~niiiatiou 
of their microscopical composition, and the colidition 
of preservation of the shells ancl spicules. 

The most iiilportant question with regard to life in 
the ocean, at  present i~lsufficieiitly answered, is that 
as to the conditions with regard to life of the inter- 
mediate waters between the surface and the bottom. 
The greatest uncertainty and difference of opinion 
exist as to ~vhether the intermediate waters are 
inhabited at  all by animals, and, if they are inhab- 
ited, to what extent; and these intermediate waters 
constitute by far the greater part of t,he ocean. 
Great care should be exercised in drawing conclu- 
sions from the depths ascribed t,o animals in some of 
the memoirs in the official worlr oil the Challenger 
expeditioii. I11 many instances i t  is quite possible 
tliat a particular speciinen may have entered the 
net at  ally depth. 

With regard to the constitution of the deep-sea 
fauna, one of its most remarliable features is the gen- 
eral absence from i t  of paleozoic forms, excepting so 
far  as representatives of tlie &Iollasca and Brachiopo- 
(la are concerned ; and i t  is retnarliable, that, amongst 
the deep-sea Mollusca, no representatives of Uie Nan- 
tilidae ancl Ariimonitidae, so excessively abundant in 
ancient periods, occur, and that Ilingula, the most 
ancient brachiopod, should occur in shallow w-ater 
only. I t  might well have been expected, that, had 
the deep sea been fully colonized in the paleozoic 
period, a considerable series of representative forins 
of that  age night have survived there, in the absence 
of most of the active physical agents of modification 
which characterize the coast-regions. 

With regartl to the origin of the deep-sea fauna, 
there can be little doubt that it has been derived 
alnlost entirely from the littoral fauna, wl~ich  also 
must have prececled, and possibly given rise to, the 
entire terrestrial fauna; yet it is not improbable that 
we shoulcl loolc to the pelagic conditions of existence 
as those under whicli most of the earliest types of 
animal life were developed. Nearly all the present 
inhabitants of the littoral zone revert to the pelagic 
free-swi~nming form of existence in their early clevel- 
opinental stages. And these pelagic larval forrns are 
in many cases so closely alike in essential structure, 
though springing from parents widely differentiated 
from one another i n  the adult form, that  i t  is impos- 
sible to regard them as otherwise than ancestral. 
The various early pelagic free-swimming for~ns ,  rep- 
resented now mostly only by larvae, gradually adapted 

theinselves to coast-life, and underwent various modi- 
fications to enable them to withstand the beating of 
the surf on the shores, and the actual modifying al- 
terations of the tides, which, together with other cir- 
cumstances of coast-life, acted as strong impulses to  
their further development and differentiation. Some 
developed hard shells and skeletons as protections; 
others secured their position by boring in the rocks 
or mud; others assumed an attached condition, and 
thus resisted the mash of the waves. 

I t  is because the ancestors of nearly all aniinals 
have passed through a littoral phase of existence, 
preceded mostly by a pelagic phase, that  the investi- 
gations now being carried on, on the coasts in marine 
laboratories, throw floods of light on all the funda- 
mental problems of zoology. From the littoral fauna 
a gradual migration must have taken place into the 
deep sea; but probably this did not occur till the lit- 
toral fauna mas very fully established, and consider- 
able pressure was brought to bear on i t  by the 
struggle for existence. Life, too, must have become 
abundant in the littoral zone before there could have 
been a sufficient food-supply in  the deeper regions 
adjoining it. Not until the derelop~lient of terres-
trial vegetation and animal life can the supply have 
reached its present abundance. Such a condition 
was, however, certainly reached in the ca~boniferous 
period. Prom the general absence of representatives 
of paleozoic forms fro111 the deep sea, it is just pos- 
sible, that, if deep oceans existed in paleozoic periods, 
tliey may not have been colonized a t  all, and that 
active migration into deep waters commenced in the 
secondary period. Very possibly the discharges of 
carbonic acid from the interior of the earth, wllicli 
Professor Dittrilar believes may have been sufficient 
to account for tlie vast existing deposits of coal arid 
limestone, may have been much more abundant over 
the deep-sea becls in the paleozoic period, than a t  
present, and have renderecl the deep waters more or 
less uninhabitable. 

I~ECELVTGEOGRAPHICAL DISCOVERY.' 

AFTERsonle introductory remar1:s refer~iiig to his 

previorls visit to Canada, Gen. I~efroy alladed to the 

relations of geography to geology as instai~ced in the 

changes in the earth's surface ~vithin historical times 

by the operation of geological causes. ,4 receilt 

German writer, Dr. IIahn, has enumerated ninety- 

six inore or less extensive tracts linown to be risirig 

or sinliir~g. For example: Mr. R. A. Peacoclr has 

accumulated evitlence tliat tile Island of Jersey hatl 

no existence in Plolemy's time, anc1 Mr. A. Howarlh 

has collected similar proofs with regard to the arctic 

regions; and every fre'ih discovery, notably those of 

the gallant ancl ill-fatcd DeLong and of Norclenslriold, 

adds to the number. 13rofessor Hull has reached 

the conclusion that  the land between Suez ancl the 
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