184 Mr. A. R. Wallace on the Law which has regulated

XVIL-—=0n the Law which has regulated the Introduction of

[ New Species. By Avrep R. Warrscr, FRGS. -
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_EvEery naturalist . e g sl ‘his, attention to q.,mt
‘of the geographical distribution of animals and plants, must
‘have been interested in the singular facts which it presents.
Mmy of these facts are quite different from what would have
‘been. anticipated, and have hitherto been considered as. (h
‘eurious, but quite mexphoable. None of the explanations a
tempted from the time of Lmnams are now considered at- dl
satisfactory ; none of them have given a cause sufficient to' ac-
count for the facts known at the time, or mmprelrengm en

to include all the new facts which have since been, and are.
being added. Of late years, however, a_ great light has, (hm
thrown upon the subject by geological investigations, which
‘have shown that the present state of the eartﬁ)mnd the orgs,mm
now inhabiting it, are but the last stage of a long. nndwmtek-
rupted series of changes which it has undqg;me"

quently, that to endeavour to explain and account, for i;
sent condition without any reference to those

frequently been done) must lead to very mpnrfg;t,qnd{ermnm,

conclusions. ai ylao ai 31 bug ):mqa
« The facts proved by geology are bueﬂy, these ;—+
m immense, but unknown period, thze: q(” the..
undergone successive changes ; land has sunk. im:pﬂm he ocean,
while fresh land has risen up from it; mountain chains have
been elevated ; islands have been formed into continents; and
continents submerged till they have beoom lands ; and these
changes have taken place, not once merely, but wh,apgghnag
dreds, perhaps thousands of times —-That all these operations
have been more or less continuous, but unequal in their progress,
and during the whole series the organic life of the earth has
undergone a corresponding alteration. This sltentmndm]ha
Mn gradual, but complete ; after a certain interval not a single
species existing which had lived at the oommeneemmhﬂf t
period. This complete renewal of the forms of life also
to have OCClll:Ted sﬁveral times : —I—IThqmm the hs;oﬁ tbeﬁe@
logical epochs to the present or Histo epqch,techmgeof
organic {:fe has been gradual: the first apg

atmg can in many cases be traggdc.gthp ;lp:.e.ﬂ‘s ‘

oo g by et gt b
y die out an 80 1 on
of ;l\;;wnw world is clearly derived by a-natural process of
gradual extinction and creation Oﬁlmm‘#b e latest
mlemnh periods.  We may therefore safely. infer a like gradas
tion and natural sequeneo:fm one geological epoch. to another.
3| rx Jo 8 .ed Nl M opll B e
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- Now, taking this as a fair statement of the results of geolo-
gical inquiry, we see that the present geographical distribution
of life upon the earth must be the result of all the previous

“changes, both of the surface of the earth itself and of its inha-

‘bitants. 'Many causes no doubt have operated of which we must
ever remain ‘in ignorance, and we may therefore expect to find
ma’n{d%tﬁlﬁ very difficult of explanation, and in attempting to
‘give one, must allow ourselves to call into our service geological

ges which it is highly probable may have occurred, though

‘we have no direct evidence of their individual operation.

" The great increase of our knowledge within the last twenty

"ggcd,' both of the present and past history of the organic world,
as accumulated a body of facts which should afford a sufficient

foundation for a comprehensive law embracing and explaining

them all, and giving a direction to new researches. It is about

‘ten years' since the idea of such a law suggested itself to ‘the

-writer of this paper, and he has since taken every opportunity of
testing it by all the newly ascertained facts with which he has
become acquainted, or has been able to observe himself. These

have all served to convince him of the correctness of his hypo-
thesis. " Pally to ‘enter into such a subject would occupy much
space, and it is onlY in_consequence of some views having been
lately promulgated, he 'believes in a wrong direction, that he

now ventures to present his ideas to the public, with only such

" obvious' illustrations of the arguments and results as occur to

him in ‘a place’ far removed from all means of reference and

exact information. ' '
+~The following propositions in Organic Geography and Geology
give the main facts on which the hypothesis is founded.

2LOLIETO(
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L Large groups, such as classes and orders, are generally spread
~‘over the whole earth, while smaller ones, such as families and
i ’ﬁ:&m, are frequently confined to one portion, often to a very’
- limited district. -
2. In widely distributed families the genera are often limited in
" range; in widely distributed genera, well-marked groups of
ahméc are peculiar to each geographical distriet. Ry
3. (‘a ‘group is confined to one distriet, and is rich in spe-
“cies, it 'is almost invariably the case that the most closely
o allied species ave foand in the same locality or in closely ad-
' joining localities; and that therefore the natural sequence of
waaﬁyimwwhlad&wh‘md.u Vocsnzs lgusist
4.'Tn countries of a similar climate; but separated by a wide sea
“or mountains; the families; genera and species of the
Ann. & Mag. N. Hist. Ser.2. Vol. xvi. 13
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Bastznoo ool ) {1 D
5(- The, distribution of the organic world in tlme is very similar
. tolits present distribution in space. mirgto foardeth owd
host of the larger and some small grotps uktend'througb
- several geological periods. 10 gragen Yoniteth
7,:kn each eriod, however, there are pecuhar groups, fmmd no-
- where else, and extending through one or several formations.
8. Species of one genus, or genera of one f occurring in the
+1same geological time are more closely allie thun thow sepa-
;1 rated n time, Froqmi
9}. As generally in geographi no specles m" gen‘ds occnrd in!tvm
¥ Ivery distant localities without being also found i interme-
.diate places, so in geology the hfe of a species ‘or genus has
- mot, been interrupted. In other wordn, no group or ‘species
,,,,, h as come into existence twice. o1z owd edy meowisd
10 The following law may be deduced fronv these facts :~—Every
. species has come into existence coincident b&tln;zhmpdixn ‘and
| time with a pre-existing closely allied species.! -0 rmmls

. ‘Thxs law agrees with, explains and fllds‘ﬁrat’és all the facts
corinected with the followmgl;)mnches of the stibject :— ”1'591 e
system of natural affinities. 2nd. The distr ﬂil tion "f ani ?ﬂ”
and plants in space. 8rd. The same in time, nclhdl # ‘[ e
phznomena of representative groups, and ﬁh#}{ hhﬁ essﬁ'r
Forbes supposed to manifest polarity. ~4th. ® 0
ridimentary organs. We will briefly endéa%u )ﬁﬁﬁ"ih
ring upon each of these. eftori
“" If the law above enunciated be true, it follows tha.t th t\i"l‘gi :
series of affinities will also represent the order in which the
several specles came into existence, each one hav1 had fo
immediate antitype a closely allied species exlstm pt t'h
of its origin. It is evidently possible that two or ree di nct
:E’ecles may have had a common antitype, and that eacf; of hese
in have become the antitypes from which other closely
ﬂhed species were created. The effect of this wduld be, hat S0
lbn as each species has had but one new bE eJ
ay

X
;[l'I

el, the line of aﬂimtles ill be simp

smarﬁlu}% mg%i' more wies ie

dently f é&bn of a comion & ; ,‘?,.
Mnmeswmbérwm und,iﬁi ‘caﬁf." »‘:-- esented by a
rminy- &#“& iftethpts at a Natural

d'a ganic beings show, that bot
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these plans have obtained in creation. "Sometimes the series of
affinities can be well represented for a space by a direct pro-
gression from species to species or from group to group, but it
18 generally found impossible so to continue. There constantly
oecar two or more modifications of an organ or modifications of
two distinet organs, leading us on to two distinct series of spe-
cies, which at length differ so much from each other as to form
distinet genera or families. These are the parallel series or re-
resentative groups of naturalists, and they often occur in dif-
erent countries, or are found fossil in different formations.
They ave said to have an analogy to each other when they are so
far removed from  their common antitype as to differ in many
important points of structure, while they still preserve a family
resemblance. We thus see how difficult it is to determine in
every case whether a given relation is an analogy or an affinity, for
it:is -evident that as we go back along the parallel or divergent
series, towards the common antitype, the analogy which existed
between the two groups becomes an affinity. We are also made
aware of the difficulty of arriving at a true classification, even in
asmall and perfect group ;—in the actual state of nature it is
almost impossible; the speeies being so numerous and the modi-
fications of form and structure so varied, arising probably from
the immense number of species which have served as antitypes
5?5}"3‘?? existing species, and thus produced a complicated branch-
I f#: ’;ﬂ,)g lines of affinity, as intricate as the twigs of a gnarled
oal /}g‘) ﬁi'le;}fgwnlar system of the human body. Again, if we
conside that we haye only fragments of this vast system, the
stem gndm{mﬁ branches being represented by extinct species of
which we have no knowledge, while a vast mass of limbs and
boughs and minute twigs and scattered leaves is what we have to
lace in order, and determine the true position each originally
occupied with regard to the others, the whole difficulty of the
true Natural System of classification becomes apparent to us,
.. We shall thus find ourselves obliged to reject all those systems
of classification which arrange species or groups in circles, as

well as those which fix a definite number for the divisions of each
group. The latter class have been very generally rejected by
naturalists, as contrary to nature, notwithstanding the ability
t(h yhjph‘)’pkleg.kavqggen advocated ; but the circular system
nities seems to have obtained a decper hold, many eminent
aturalists {omg:; extent adopted it ;| We have; how-

i

f

5

r b  find a case in which the circle has been
ﬁt’?ﬁ}%ﬁ{th' ! ?‘ﬁmo’s§< cases a, ‘Pﬂll?‘bk
oubtfi

-1 il i Wl?
foacn i ¢ el

s ful. | The complicated branching of
elﬁ‘ nities in extensive groups must also afford great
13%
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facilities for giving a show #f.fprohabthm to any such M

artificial umsﬂmepts .nThp a
admirable paper, of Mwhm g&d ’3% m;a
the,{ Annals of Natural History,” in wiu he m»@a
the true synthetical method of dxscovempg thg Nat .
. If we. now consider the geo cpl d;st nthn. mals
pd,“plq.xpts upon the earth, we sh factﬁ,
in accordance with, and readily explamed bg,, the pres
thesis. - A country having species, genera, and
N'iph“ to it, will be the necessary result of lts, ;
ed for a long period, sufficient for many genm = :é

have been created on the type of prp-ex;stmg gnes,,

as many of the earlier-formed species, have be «
thus made the groups appear isolated. If in np.y me, ,ﬁhy anti-
type had an extensive range, two, or _more. -groups d:ﬁ‘p%

grenb.

might bave been formed, each vamns ﬁrome ﬂt,mh#;
manner, and thus producm& several rep ta,&q.v (

groups.  The Sylviade of Enrope and Z
A,;nem;a, the, Hehcomd¢ of South. A.memca the Ea
the East, the group of Zrogons inhabiting. Asia @.qd t .
har to South America, are examples that may, be. a,gcppgted }qg
mn thls manuer. n9zdrqey plags
Such phznomena as are exhlbm?d by the Ga]g i 3;,

whwh contain little groups of plants and a -
themselves, but most nearly allied to those of t rA,ng,
have not hitherto received any, even a cnnqut ,explnnmog-,
The Galapagos are a volcanic group of high antiquity, and have.
probably never been more closely connected wit the eontl
m they are at present. They must have been, p,eo
l‘ﬁz other newly-formed islands, by the action o
rents, and at a period suﬂicxently remote to have hxinthe Qng?ﬁ.
cies die ont, and the modified prototypes only
t,K:c same way we can account for the separate isl x
qsph their peculiar species, either on the supposition that&hem
ogxguml emigration peopled the whole of the islands with the
same species from which differently modified prototypes were
c:;eated, or that the islands were successively peqpledfrom\
her, but that new species have been created in euch on the
n of the pre-existing ones. St. He,lgna nee milar case of
very ancient. island having obtained eculiar, though
liml.d.,ﬂpra-.,On;.thq.o er hz SR b} f an.
. whwh can mﬂvql '~ ¢ :: , )¢ C 1 ‘ € \
(late in_the Tertiary, for . ' mm
swm@ or family sroups, or eyen, w’ v to itself,
en a range ‘ﬁm&ﬂm
and has so remaine 9 ong geological period, the species, -




i
i
|
I
E

S he Btroduction of New Species. 1 189

of the two sides at and near their bases will be often very dif-
ferent, representative species of some genera occurring, and even
whole genera being peculiar to one side only, as’is remarkably
seen in the case of the Andes and Rocky Mountains. = A similar
phenomenon oceurs when an island has been separated from'a
continent at ‘a very early period. The shallow sea between the
' stila of Malacea, Java, Sumatra and Borneo was probably
a continent or large island at an early epoch, and may have

‘become submerged as the voleanic ranges of Java and Sumatra

were elevated. The organic results we see in the very consi-
derable number of species of animals common to some or all of
these ‘countries, while at the same time a number of closely
allied representative species exist peculiar to each, showing that
a considerable period has elapsed since their separation. e
facts of geographical distribution and of geology may thus mu-
ally explain each other in doubtful cases, shonng the principles
‘here advocated be clearly established. ST
* Tn all those cases in which an island has been separated from
a' continent, or raised by volcanic or coralline action from the
sea, ‘or in which a mountain-chain has been elevated, m a recent
‘geological ‘epoch, the phenomena of peculiar groups or even of
:ifi)gle representative species will not exist. Our own island is
‘example of this, its separation from the continent being geo-
ically very recent, and we have consequently scarcely a species
‘which s peculiar to it; while the Alpine range, one of the most
recent’ mountain elevations, separates faunas and floras which
scarcely ‘diﬂ'e#"'t’n(:re than may be due to climate and latitude
'ﬂbﬁﬁ.’”“" i3 daew 4 idsdo
The series of facts alluded to in Proposition 3, of closely allied
species in rich groups being found geographically near each
other, is most striking and important.  Mr. Lovell Reeve has
well exemplified it in his able and interesting paper on the Distri-
bution of the Bulimi. It is also seen in the Humming-birds
and Toucans, little groups of two or three closely allied species

‘being often found in the same or closely adjoining districts, as

we have had the good fortune of personally verifying.  Fishes

give evidence of a similar kind : each great river has its peculiar

species.  But it is'the same throughout Nature ; every class and
der of “animals’ will ‘contribute similar facts. = Hitherto no
t has been’ ade to explain these singular phanomena, or

to vwv"e};a Have arisen. ~Why are the genera of Palms
s

“alniost every case confined to one hemisphere?
‘ 'n'i;i ‘ ‘Hﬁge'?‘i?ﬁ'éd’-gﬁ ies’ of ‘brown-backed Trogons alt
: "ﬁ : "the ‘green-backed in the West 7 Why

, and ‘ghé , LE - Wy
are the Macais'and the Cockatoos similarly restricted 7~ Trisects

%ﬁ, and in' more extensive genera its groups of closely allied
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X mt‘l,{w m of mnlosqm“m%m{thq o-

menm, the Danaide nd in all
: 9,mqs&c,9§ely allied species found in seogtaph;m amww
“question forees itself upon every thinking. mwiﬂr\y,hym
thl,ngs 07 They could not be as they are, had no law re
ﬂ their creation and dispersion.  The law here enunciated
merely explains, but necessitates the facts we see to exist,
pi),ﬂe the vast and long-continued geological changes of the
epﬁh readily account for the exceptions and apparent ﬂwm
amlps that here and there occur. Ii’he writer’s objectin ppt,tmg
? rward his views in the present imperfect manner is. to submit
qm to. the test of other minds, and to be made aware of all the
fac cts supposed to be inconsistent with them. ‘As his. hymmw
15 one which claims acceptance solely as explaining and connect-
g}g f}acts which exist in nature, he expects. fgqtq‘x}lpng to be
;%u t to disprove it ; not a-priori arguments against its pro-
ability, more vig dooge [
: b "fhe, phaenomena of geological dlstnbutlon ,arg,,e;,qct}yfqmglm
gpus to those of geography. Closely allied spgqlqa are found
associated in the same beds, and the. change from species to spe-
ies appears to haye been as gradual in time as in space.. .
%v owever, furnishes us with posxtwe proof of the le,xtlnctlpn
production of species, though it does not. inform us how
either has taken place. The extinction of species, however,
offers but little dlﬂiculty and the modus operandi has been w
illustrated. by Sir C. Lyell in_his admuable ¢ Principles.” | Geo-
logical changes, however gradual, must occasionally have modi-
fied external conditions to such an extent as to have xendsmd
the existence of certain species impossible. The ~extinction
would in most cases be effected by a gradual dyxng—out, but in
some instances there might have been a sudden destruction of.
qpe,ges of limited range. To discover how the extinct species
haye from time to time been replaced by new ones. down to the
Y(ery ti ologlcal penod is the most difficult, and at the
me time the most interesting problem in the natural history
:? the earth. The present inquiry, which seeks to. eliminate
frqm known facts a law which has determyneﬂ, to a certain de-
what species could and did appear at a yen(gpoc;h, may,
E;)ped be considered as one step in pf e, xight, ecm
8, compit lete solution of it, . .. sirt ge rhaoodd esars
usswn has of late yeqra, en o
the succession of life upon t

OWW‘? h’&h er, degl,'ee of Wsawmn of S(ﬁdmm ufm 4

,,5h°w that therq, Jm snua.
m@sﬂm d Radiata
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and thie progression from Fishes to Reptiles and Manimalia, afid
also from the lower mammals to the higher, is indisputable. On
the other hand, it is said that the Mollusca and Radiata of the

-very earliest periods were more highly organized than the great

miass ‘of those now existing, and that the very first fishes that
haveé been discovered are by no means the lowest organized of
the‘elass.” Now it is believed the present hypothesis will har-

~ monize with all these facts, and in a great measure serve fo

explain them ; for though it may appear to some readers essen-
tially a theory of progression, it is in reality only vne of gradual
change. Tt 18, 'however, by no means difficult to show that a

-ieul'r’pmgéessidn' in'the scale of organization is perfectly consistent

with'all the appearances, and even with apparent retrr‘ogrlé’sgifq‘r;i',

“should ‘such occur.

“Returning to' the analogy of a branching tree, ‘as the best
of ‘representing the natural arrangement of species and

thieir ‘successive creation, let us suppose that at an early geolo-
-gi?al epoch any group (say a class of the Mollusca) has attained

to'a gréat richness of species and a high organization.  Now let
this great branch of allied species, by geological mutations, be
completely or partially destroyed. = Subsequently a new branch

‘springs from the ‘same trunk, that is to say, new species are

suecessively created, having for their antitypes the same' lower

‘organized ' species ‘which had served as the antitypes for the
former group, but which have survived the modified conditions

which destroyed it. ' This new group being subject to these
altered conditions, has modifications of structure and organiza-

‘tion given to it, and becomes the representative group of ‘the

former one'in another geological formation. It may, owever,
happen, that khougb later in time, the new series of species
may never attain to so high a degree of organization as those

preceding it, but in its turn become extinet, and give place to

z’etv' another modification from the same root, which may be of

‘higher or lower organization, more or less numerous in species,

and more or less varied in form and structure than either of

‘those which preceded it. Again, each of these grc'm;)s may not

have become totally extinct, but may have left a few species,
the modified prototypes of which have existed in each succeeding
mbd,‘#'ﬁiiht' memorial of their former grandeur and luxuriance.
Thus every ¢ase’of @pparent retrogression may be in reality a
rogress, though an interrupte'd ‘one':iwhen some monarch ‘of

_ ﬁm replaced by a feeble and ‘siiﬁz

ute, | The fores oiﬂg narks appear to 'a'pi’lz to the cis¢
isea) Shich, ﬂﬁ“vaa'r early period, had reached a
évelopment of forms and ;fé’f

poda. " In each succeeding age

the forest 1osés ‘a linib, it
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- modified species and genera replaced the former ones which had -
beconie extinet, and as we approach the present wra but few
and small representatives of the group remain, while the Gaste- |

; and Bnﬂveg have acquired an immense preponderance. -
In ‘the long series of changes the earth has undergone; the:
process of peopling it with organic beings has been continually !

_going on, and whenever an{of the higher groups*‘htmﬂecow
nearly or quite extinet, the lower forms which have better,
resisted the modified h sical conditions have served as the

'antitypes on which to found the new races. In this manner:
aléne, it is believed, can the representative groufpiut suceessive’
iods, and the risings and fallings in thd} le of
‘in every case explained. 91 i8IaoLT u ot "m
1 'The hypothesis of polarity, recently put fomrd*by Professor
orbes* to account for the abundance of generie forms'
at a very early period and at present, while in the intermediate
epochs there is a gradual diminution and impoverishment; till
the minimum oceurred at the confines of ‘the Palmozoic and
Secondary epochs, appears to us quite unnecessary, ‘as the facts
may be readily accounted for on' the'principles already: laid
down. Between the Palwozoie and Neozoic periodsof Professor
Forbes, there is scarcely a species in common, and the'

-part of the genera and families also disappear to be replaced by
new ones. It is almost universally admitted that such a change
in the organic world must have occupied a vast period of time.
Of this interval we have no record ; probably because the whole
area of the early formations now ex'posed to our researches was
elevated at the end of the Palmozoic period; and remained so
ﬂmmgh the interval required for the organic changes which
resulted in the fauna and flora of the Seecondary period. The
records of this interval are buried beneath the ocean which
covers three-fourths of the globe. Now it appears highly pro-
bable that a long period of quiescence or stability in the physical
conditions of a district would be most favourable to the existence
of organic life in the greatest abundance, both as mgardnmdb
viduals and also as to variety of species and gemeric groups, just
as we now find that the places best adapted to: dbetnptd‘gvowh
and increase of individuals also contain the greatest
of species and the greatest variety of ‘forms,—the - “in
‘comparison with the temperate and aretic/regions: + On the
other hand, it seems no less 'probubhbth&wmupdm&é

taloy es sattadioqyd bus awsedo oz suo o}
o % Sin thenbpmwu wntm»ﬂw M@gmmet
work was d. His | ,—a sub
ich no ﬁmﬁ whs' tbre | E* Ked for
greatest interest. 'Who shall supply his M!;{On Jostiaqs yisv
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physical conditions of a district, even small in amount if rapid,,
or even  gradual. if to agreat amount, would be highly un-
favourable to the existence of individuals, might cause. the
extinetion  of ;many. species, and would probably be equally
unfavourable to the creation of new ones. In this too we may
find-an analogy with the present state of our earth, for it has
been-shown to be the violent extremes and rapid changes of
physieal .conditions, rather than the actnal mean state in' the
temperate and frigid zones, which renders them less prolific
than the tropical regions, as exemplified by the great distance
beyond the tropics: to which tropical forms penetrate when the
climate is equable; and also by the richness in species and forms
of tropical mountain regions which principally differ. from the
temperate zone in the uniformity of their chmate. However
this:may-be; it seems a fair assumption that during a period jof
geological ‘repose the new species which we know to have been
created .would -have appeared, that the creations would then
,Med:imnnmber»’tbe extinctions, and therefore the number of
species: would, increase. ; In a period of geological activity, on
the! other-hand, it, seems, probable that the extinctions might
exceed the. creations; and the number of species consequentl
diminishi | That such effects did take place in connexion wit
the ieauses to,which we have imputed them, is shown in the case
e@&u Coal formation, the faults and contortions of which show
period of great activity and violent convulsions, and it is in
thlfomutton; immediately succeeding this that the poverty of
forms.of life is most apparent. We have then only to suppose
adong: period of somewhat similar action during the vast un-
Known interval at the termination of the Paleozoic period, and
then a decreasing violence or rapidity through the Secondary
period, to-allow for the. gradual repopulation of the earth with
varied forms, and the whole of the facts are explained. We
thus have a clue to the increase of the forms of life: durmg
certain periods, and their decrease during others, without re-
course to any causes but those we know to have existed, and to
effects fairly deducible from them. The precise manner in which
the geological changes of the early formations were effected is so
extremely obscure, that when we can explain important facts by
a retardation at one time and an acceleration at another of a
which we know from its nature and from observation to
e been: nnequal;~~a cause so simple may surely be preferred
to one so obscure and hypothetical as polanty.
ik albb'v ge‘ to' 'sli est some reasons against the very

of Professor Forbes, ' Our krowledge of

Vmg”my geological epoch is. necessarily
very 1mperfect Looking - at: the vast mambers of species and
groups that have been discovered by geologists, this may be
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doubted; but we should compare their numbers not merely with
those that now exist upon the earth, but with a far’
amount®*., ~We have no reason for believing that the number of
species on the earth at any former period was much less than at
nt; at all events the aquatic portion, with which geol m
ave most acquaintance, was probably often as great or g
Now we know that there have been many complete changes: of
specles new sets of organisms have many times been' introduced:
lace «of ' old ones which have become extinct, so that the
amount which have existed on the earth from the earliest
geological period must have borne about the same proportion to
those now living, as the whole human race who have lived and
died upon the earth, to the population at the present time.
Again, at each epoch the whole earth was mo doubt, as' now;
more or less the theatre of life, and as the successive generations
of ‘each species died, their exuvie and preservable parts would
be deposited over every portion of the thenl exxeﬁn&:ﬂas ‘and
oceans, which we have reason for supposing to have
rather than less, extensive than at present.  In order thento
understand our possible knowledge of the early world and its
inhabitants, we must compare, not the area of the whole field of
ur geological researches with the earth’s surface; but the area
of the examined portion of each formation separately with the
whole earth. For example, during the Silurian period all the
earth was Silurian, and animals were living ‘and dying, and
depositing their remains more or less over bh& whole area of the:

globe, and they were probably (the species at least) mearly as

varied in different latitudes and longitudes as at present. What
proportion do the Silurian districts bear to the whole surface of
the globe, land and sea (for far more extensive Silurian districts
probably exist beneath the ocean than above it), and what porti
of the known Silurian districts has been actually examined for
fossils ? - Would the area of rock actually laid open to the eye
be the thousandth or the ten-thousandth part of the earth’s
surface ? Ask the same question with regard tofthe Oolite or the
Chalk, or even to partlc:}lar beds of these when they differ consi-
derably in their fossils, and you may then gel:rsome notion of
how small a portion of the whole we knom I89TZ 9 hn ' th;
© But yet more important is the probability, nay; almost-
ceMmt};', that whole formations containing rthd)n:eyhpidm of vast
geological periods are enure humdhbbnutb the ‘ocean, )aml
for ever beyond our reach. ' Most of thé mxthe'geohglulx
series may thus be filled: upyund'vuﬂm ‘
unimaginable animals, which might help to elucidate the affinities
of the numerous isolated groups which are a perpetual puzzle to
“[* See on'this subject 'a paper by Professor Agassiz :ﬁ‘{ﬁe*’AﬁW?&

November 1854.—Eb. ]
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the zoologist, may there be buried, till future revolutions may
raise them in their turn above the waters, to afford materials for
the study of whatever race of intelligent beings may then have
succeeded us. These considerations must lead us to the con-
clusion, that our knowledge of the whole series of the former
inhabitants of the earth is necessarily most imperfect and frag-
mentary,~—as much so as our knowledge of the present organic
world would be, were we forced to make our collections and
observations only in spots equally limited in area and in number
with those actually laid open for the collection of fossils. Now,
the hypothesis of Professor Forbes is essentially one that assumes
toa great extent the completeness of our knowledge of the whole
seriés of organic beings which have existed on the earth. This
appears:to. be ‘a fatal objection to it, independently of all other
considerations. - It may be said that the same objections exist
against -every theory on such a subject, but this 1s not neces-
sarily the case.. The hypothesis put forward in this paper
depénds in no degree upon the completeness of our knowledge
of the former condition of the organic world, but takes what
facts we have as fragments of a vast whole, and deduces from
them something of the nature and proportions of that whole
which we can never know in detail. = It is founded upon isolated
groups of faets, recognizes their isolation, and endeavours to
deduce from them the nature of the intervening portions.
I,:Another important series of facts, quite in accordance with,
and even mecessary deductions from, the law now developed, are
. those of rudimentary organs. That these really do exist, and in
most ‘cases have no special fanction in the animal ceconomy, is
admitted -by the first authorities in comparative anatomy. The
minute limbs hidden beneath the skin in many of the snake-like
lizards, the anal hooks of the boa constrictor, the complete series
of jointed finger-bones in the paddle of the Manatus and whale,
are a few of the most familiar instances. In botany a similar
class of facts has been long recognized. Abortive stamens,
rudimentary floral envelopes and undeveloped carpels, are of the
most frequent oceurrence. To every thoughtful naturalist the
uestion must arise, What are these for? What have they to
o with the great laws of creation? Do they not teach us
something of the system of Nature? If each species has been
created independently, and without any necessary relations with
pre-existing species, what do these rudiments, these apparent
ump ions' mean {-- There must be a cause for them ; they
‘must be the necessary results of some great natural law.  Now,
'f:;amiﬁhnd been endeavoured to be shown; the greatl lawdwhich
regulated’ the  peopling, of  the earth with animal and vege-
table life is, that every change shall be gradual; that no new
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creature shall be formed widely differing from anything  before
existing ; that in this, as in everything else in Nature, there shall
be gradation and harmony,—then these mdiméntury'&m
necessary, and are an essential part of the system of Nature.
Eve the higher Vertebrata were formed, for instance, many steps
were required, and many organs had to undergo modifications
from the rudimental condition in which only they had as
existed. We still see remaining an antitypal sketch of a'v
adapted for flight in the scaly flapper of the penguin, and limbs
first concealed beneath the skin, and then weakly protruding
from it, were the necessary gradations before others should be
formed fully adapted for locomotion. Many more of these
modifications should we behold, and more complete series of
them, had we a view of all the forms which have ceased tt live,
The great gaps that exist between fishes, reptiles, birds 3
mammals would then, no doubt, be softened down by ititer-
mediate groups, and the whole organic world would be séen to
be an unbroken and harmonious system. 0 n e
‘Tt has now been shown, though most briefly and imperfectly,
how' the law that “ Every species has come into é% ' i’ﬁ){g.
cident both in time and space with a pre-ezisting close w«l
species,” connects together and renders intelligible a vast number
of independent and hitherto unexplained facts.  The natural
system ‘of arrangement of organic beings, their geog gﬁtl
dyiétribution, their geological sequence, the phenomena of repre-
sentative and substituted groups in all their modifications, and
the most singular peculiarities of anatomical structire, are all
explained and illustrated by it, in perfect accordance with ‘the
vast mass of facts which the researches’ of modern naturalists
have brought together, and, it is believed, not materially op
to any of them. It also claims a superiority over
hypotheses, on the ground that it not merely explamns, but
necessitates what exists. Granted the law, and many of the:
most important facts in Nature could not have been otherwise,
but are almost as necessary deductions from it, as are the elliptic
orbits of the planets from the law of gravitation.

Sarawak, Borneo, Feb, 1855.
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Sivee the publication of our paper in the August Number of
the ¢ s and Magazine of Natural History,” on the new
genus Hemipedina and the Synopsis of the -species included
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