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ORIGIN OF SPECIES. 

CHAPTER IX. 

HYBRIDISM. 

Distinction between the sterility of first crcmses and of hybrids- 
Sterility various in degree, not universal, affected by close inter- 
breeding, removed by domestication-Laws governing &a 
sterility of hybrids-Steri1it.y not a special endowment, but 
incidental on other differences, not accumulated by natural 
selection-Causes of the sterility of first crosses and of hybrids 
-Parallelism between the effects of changed conditions of life 
snd of crossing-Dimorphism and trimorphism-Fertility .of 
varieties when crossed and of their monorel offsnrine not uni- 
versal-IIybrids and mongrels comlpared independently of their 
fertiiity-Summary. 

THE view commonly entertained by naturalists $ that 
species, when intercrossed, have been yptxially endowed 
with sterility, in order to prevent their confusion. This 
view certainly seems at first highly probable, for species 
living together could hardly have been kept distinct ha? 
they been capable of freely crossing. The subject is in 
many ways important for us, more especially as the 
sterility of species when first crossed, and that of their 
hybrid offspring, cannot have been acquired, tts I shall 
show, by the preservation of successive profitable 
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degrees of sterility. It is an incidental result of 
differences in the reproductive systems of the parent. 
species. 

In treating this subject, two classes of facts, to a large 
extent fundamentally Merent, have generally been 
confounded; namely, bhe sterility of species when first 
crossed, and the sterility of the hybrids produced from 
them. 

Pure species have of course their organs of reproduc- 
tion in a perfect condition, yet when intercrossed they 
produce either few or no offspring. Hybrids, on the 
other hand, have their reproductive organs functionally 
impotent, as may be clearly seen in the state of t,he 
male element in both plants and animals ; though the 
furmalive orgws themselves are yerkcl in kkructure, as 
far as the microscope reveals. In the first case the two 
sexual elements which 80 to form the embryo are 
perfect; in the second case they are either not at all 
developed, or arc imperfectly developed. This distinc- 
tion is important, when the cause of the sterility, which 
is common to the two casts, has to be considered. The 
distinction probably has been slurred over, owing to the 
sterility in both CLWS being looked on as a special 
endowment, beyond the province of onr reasoning 
powers. 

The fertility of varieties, that is of the forms known 
or believed to be descended from common parents, when 
crossed, and likewise the fertility of their man,@ 
offspring, is, with reference to my bheory, of equal 
importance with the sterility of species; for it seems 
to make a broad and clear distinction between varieties 
and species. 

Bcgrees of IStcn:li~y.-First, for t,he sterility of species 
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when crossed and of their hybrid offspring. It is 

impossible to study the several memoirs and works 
of those two conscientious and admirable observers: 
Kiilreuter and Giirtner, who almost devoted their lives 
to this subject, without being deeply inlpxessed wikh the 
high generality of some degree of sterility. Riilreuter 
makes the rule universal ; but then he cuts the knot, 
for in ten cases in which he found two forms, consider4 
by most authors a8 distinct species, quite fertile 
together, he unhesitatingly ranks them as varieties. 
Giirtner, also, makes the rule eyua.lly universal; and ho 
disputes the entire fertility of IWreuter’s ten cases. 
But in these and in many other cases, Giirtncr is 
obliged carefully to count the seeds, in order to show 
that there is any degree of sterility. He always 
compares the maximum number of seeds produced by 
two species when first crossed, and the maximum 
produced by their hybrid offspring, with the averagge 
number produced by both pure parent-species in a state 
of nature. ISut causes of serious error here intervene: 
a plant, to be hybridised, must be castrated, and, what 
is often more irnport’ant, must be scclucled in order to 
prevent pollen bein g brought to it by insects from otbcr 
plants. Nearly all the plants experimented on by 
C;%rtner WSBIX potted, and mere kept in a chamber in his 

house. That these processes are often injurious to the 
fertility of a plant cannot be doubted ; for Giirtuer gives 
ir! his table about a score of cases of plants which 1~ 
castrat.ed, and artificially fertilised with their own 
pollen, and (excluding all cases such as the Leguminosa>, 
in which there is an acknowledged difficulty in the 
manipulation) half of these twenty plants had their 
fertility in some degree impaired. Moreover, as 
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C;Srtner repeatedly crossed some forms, such as the 
common red and blue pimpernels (Anagallis arvensis 
and oozrnlea), which the best botanists rank as varieties, 
and found them absolutely sterile, we may doubt 
whether many species are really so sterile, where 
intercrossed, as he believed. 

It is certain, on the one hand, that the sterility of 
various species when crossed is so different in degree 
and graduates away so insensibly, and, on the other 
hand, that the fertility of pure species is so easily 
affected by various circumstances, that for all practical 
purposes it k most difficult to say where perfect fertility 
ends and sterility begins. I think no better evidence 
of this can be required than that the two moat 
experienced observers who have ever lived, namely 
Kolreuter and Gartner, arrived at diametrically opposite 
conclusions in regard to some of the very same forms. 
It is also most instructive to compare-but I have not 
space here to enter on details-the evidence advanced 
by our best botanists on the question whether certain 
doubtful forms drould be ranked as species or varieties, 
with the evidence from fertility adduced by different 
hybridisers, or by the same observer from experiments 
made during different years. It can t’hus be shown 
that neither sterility nor fertility affords any certain 
distinction between species and varieties. The evidence 
from this source graduates away, and is doubtful in the 
same degree as is the evidence derived from other 
constitutional and structural differences. 

In regard to the sterilit,y of hybrids in successive 
generations ; though Gb;rtner was enabled to rear some 
hybrids, carefully guarding them from a cross with 
either pnre parent, for six or seven, and in one case for 
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t.en generations, yet he asserts positively that their 
fo.rtilit,y never increases, but generally decreases greatly 
and suddenly. With respect to this decrease, it may 
first be noticed that when any deviation in structure or 
constitution is common to both parents, this is often 
transmitted in an augmented degree to the offspring ; 
and both sexual elements in hybrid plants are already 
alTected in some degree. But I believe that their 
fertility has been diminished in nearly all these cases 
by an independent cause, namely, by too close inter- 
breeding. I have made EO many experiments and 
collected so many facts, showing on the one hand that 
an occasional cross with a distinct individual or variety 
increases the vigour and fertility of the offspring, and on 
the other hand that v$ry close interbreeding lessens 
their @our and fertility, that I cannot doubt the 
correctness of this conclusion. Hybrids are seldom 
raised by experimentallists in great numbers; and as the 
parent-species, or other allied hybrids, generally grow 
in the same garden, the. visits nf insects must be 
carefully prevented during the flowering season : hence 
hybrids, if left to themselves, will generally be fertilised 
during each generation by polIen from the same flower; 
and this would probably be injurious to their fertility, 
already lessened by their hybrid origin. I am strength- 
ened in this conviction by a remarkable statement 
repeatedly made by GLtner, namely, that if even the 
less fertile hybrids be artificially fertilised with hybrid 
pollen of the same kind, their fertility, notwithstanding 
the frequent ill effect8 from manipL&tiOn, sometimes 
decidedly increases, and goes on increasing. Now, in 
the process of artificial fertilisation, pollen is as often 
taken by chance (8s I know from my own experience) 
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from the anthers of another flower, as from the anthers 
of the flower itself which is to he fertilised ; do that a 
cross between two tlowers, though probably often on thn 
same plant, would be thus erected. Moreover, when- 
ever complicated experiments are in progress, so careful 
au observer as Giirtuer would have castrated hip 
hybrids, and this would have ensured in each generation 
a cross with pollen from a distinct flower, either from 
the same plant or from another plant of the same hybrid 
nature. And thus, the strange fact of an increase of fer- 
tility in the successive generations of artiji&ali2J farlilised 
hybrids, in contrast with those spontaneously self- 
fertilised, may, as I believe, be accounted for by too close 
interbreeding having been avoided. 

Now let us turn to the results arrived at, by a third 
most experienced hybridiser, na.mely, the Ron. and liev. 
W. Herbert. He is as empllntic in his oonclusiorl that 
some hybrids are perfectly fert,ile-as fertile as the pure 
parent-species-as are Kiilreuter and G&rtner that soln e 
degree of sterility between distinct species is a universal 
law gf nature. He experimented on some of the very 
same species as did GBrtner. The difl’ereuce in their 
results may, I think, be in part accounted for by 
Herbert’s great horticultural skill, and by his llating 
hot-houses at his command. Of his mauy important 
statements I will here give only a single one as au 
example, namely, that “ every ovule in a pod of Crinum 
capensc fertilised by C. revolutum produced a plant, 
which I never saw to occur iu a case of its natural 
fecundatian.” So that here we have perfect or even 
more than commonly perfect fertility, in a first cross 
between two distinct species. 

T11ir case of the Crinuru leads me to refer to a 
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siqdar fact, namely, that individual pIants of certain 
species of Lobelia, Verbascum and Passiflora, can easily 
be fertilised by pollen from a distinct species, but not 
by pollen from the same plant, though this pollen can 
he proved to he perfectly sound by fertilising other 
plants or species. In the genus IIippcastrum, in 
Corydalis as shown by Professor Hildobrand, in various 
orchids as shown by Mr. Scott and Fritz Mtiller, all the 
individuals are in this peculiar condition. So that with 
some species, certain abnormal individuals, and in other 
species all the individuals, can actually be hybridised 
much more readily than they can be fertilised by pollen 
from the same individual plant ! To give one instance, 
a bulb of Hippeastrum aulicum produced four flowers ; 
three were fertilised by Herbert with their own pollen, 
and the fourth was sulseyuently fertiliaed by the pollen 
of a compound hybrid descended from three distiuct 
species: the resuk was that “ the ovaries of the three 
first flowers soon ceased to &TOW, and after a few days 
perished entirely, whereas the pod impregnated by the 
pollen of the hybrid made vigorous growth and rapid 
progress to maturity, and bore good seed, which 
vegetated freely.” Mr. Herbert tried similar experi- 
ments during many years, and always with the same 
result. These.cnses serve to show on what slight and 
mysterious causes the lesser or greater fertility of a 
species sometimes depends. 

The practical experiments of horticulturists, though 
not made with scientific precision, deserve some notice. 
It is notorious in how complicated a manner the 
species of Pelargonium, Fuchsia, Calceolaria, Petunia, 
Rhododendron, kc., have been crossed, yet many of 
these hybrids seed freely. For instance, Iierbcrt 
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asserts that a hybrid from Calceolaria inteLgrifolia and 
plantaginea, species most widely dissimilar in general 
habit, “reproduces itself a.3 perfectly as if iL hit11 Leer1 a 
natural species from the mountains of Chili” I have 
taken some pains to ascertain the degree of fertility of 
some of the complex crosses of Rhododendrons, and I 
am assured that many of them are perfectly fertile. 
Mr. C. Noble, for instance, informs me that he raises 
stocks for grafting from a hybrid between Rhod. 
ponticum and catawbiense, and that this hybrid “seeds 
as freely as it is possible to imagine.” Had hybrids 
when fairly Lredled, always goue un decreasing in fertility 
in each successive generation, as Gartner believed to be 
the case, the fact would have been notorious to nursery- 
men. Horticulturists raise large beds of the same 
hybrid, and such alone are fairly treated, for by insect 
agency the several individuals are allowed to cross 
freely with each other, and the injurious influence of 
close interbreeding is thus prevented. Any one may 
.readily convince himself of the eflkicncy of insect- 
agency by examining .the flowers of the more sterile 
kinds of hybrid Rhododendrons, which produce no 
pollen, for ho will find on their sti,gnas plenty of pollen 
brought from other flowers. 

In regard to animals, much fewer expwiment.s have 

been carefully tried than with plants. If our systematic 
arrangements can be trusted, that is, if the genera of 
animals are as distinct from each other as are the genera 
of plants, then we may infer that animals more widely 
distinct in the scale of nature can be crossed more 
easily than in the case of plants; but the hybrids 
themselves are, I think, more sterile. It &ould, 
however, be borne in mind that, owing to few animals 
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breeding freely under confinement, few experiments 
have been fairly tried : for instance, the canary-bird has 
been crossed with nine distinct species of finches, but, 
as not one of these breeds freely in confinement, we 
have no right to expect that the first crosses between 
them and the canary, or that their hybrids, should be 
perfectly fertile. Again, with respect to the fertility 
in successive generations of the more fertile hybrid 
animals, I hardly know of an instance in which two 
families of the same hybrid have been raised at the 
same time from different parents, so as to avoid the ill 
effects of close interbreeding. On the contrary, brothers 
and sisters have usually been crossed in each successive 
generation, in opposition to the constantly repeated 
admonition of every breeder. And in this case, it is 
uoL at all surprising that tile inherent atediily i.u Lb 

hybrids should have gone on increasing. 
Although I know of hardly any thoroughly well- 

authenticated cases of perfectly fertile hybrid animals, I 
have reason to klievc that the hybrids from Cervulus 
vaginalis and Reeve&, and from Phasianus colchicus 
with P. torquatus, are perfectly fertile. M. Quatref’ages 
states that the hybrids from two moths (LiolJbyx 
cynthia and arrindia) were proved in Paris to be fertile 
inter se for eight generations. It has lately been 
asserted that two such distinct species as the hare and 
rabbit, when they can be got to breed together, produce 
offspring, which are highly fertile when crossed with 
une of the parent-species. The hybrids from the 
common and Chinese geese (A. eygnoides), species 
which are SC different that they are generally ranked in 
distin’ct genera, have often bred in this country with 
either pure parent, and in one single instance they have 
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bred inter se. !Chis was effected by Mr. Eyton, who 
raised two hybrids from the same parents, but from 
different hatches; and from these two birds he raised 
no less than eight hybrids (grandchildren of the pure 
geese) from one nest. In India, however, these CTOSS- 
bred geese must be far more fertile; for I am assured 
by two eminently capable judges, namely Mr. Blyth and 
Capt. Hutton, that whole flocks of these crossed geese 
are kept in various parts of the country ; and as they 
are kept for profit, where neither pure parent-species 
exists, they must certainly be highly or perfectly fertile. 

With our domesticated animals, the various races 
when crossed together are quite fertile; yet in many 
cases they are descended from two or more wild species. 
From this fact we must conclude either that the 
aboriginal parent-species at first produced perfectly 
fertile hybrids, or that the hybrids subsequently reared 
under domestication became quite fertile. This latter 
alternative, which was first propounded by Pallas, seems 
by far the most probable, and can, indeed, hardly be 
doubted. It is, for instance, almost certain that our 
dogs are descended from several wild stocks; yet, with 
perhaps the exception of certain indigenous domestic 
dogs of South America, all are quite fertile together; 
but analogy malice mc greatly doubt, whether the 
several aboriginal species would at first have freely bred 
together and have produced quite fertile hybrids. So 
again I have lately acquired decisive evidence that the 
crossed offspring from the Indian hulnped and common 
cattle are inter se perfectly fertile ; and from the 
observations by Itiitimeyer on their important osteo- 
logical differences, as well as from those by Mr. Hyth 
on their differences in habits, voice, constitution, &c., 



CnAP. IS.] DEGREES OF STERILITY. II 

these two forms must be regarded as good and distinct 
species. The same remarks may be extended to the two 
chief races of the pig. We must, therefore, either give 
up the belief of the universal sterility of species when 
crossed ; or we must look at this sterility in animals, 
not as an indelible characteristic, but as one capable of 
being removed by domestication. 

Finally, considering all the ascertained facts on the 
intercrossing of plants and animals, it may be concluded 
that some degree of sterility, both in first crosses and in 
hybrids, is an extremely general result; but that it 
cannot, under our present state of knowledge, be con- 
sidered aa absolutely univcrsak 

We will now consider a little more in detail the laws 
governing the sterility of first crosses and of hybrids. 
Our chief object will be to see whether or nnt t,hese 
laws indicate that species have been specially endowed 
with t,his quality, in order to prevent their crossing and 
blending together in utter confusion. The following 
conclusions are drawn up chiefly from Giirtner’s ad- 
mirable work on the hybridisation of plants. I have 
taken much pains to ascertain how far they apply t,o 
animals, and, considering how scanty our knowledge is 
in regard to hybrid animals, I have been surprised to 
find how generally the same rules apply to both 
kingdoms. 

It has been already remarked, that the deme of 
fertility, both of first crosses and of hybrids, graduates 
born zero to perfect fertility. It is surprising in how 

27 
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many curious ways this gradation Can be shown; but 
only the barest outhne of the facts can here be given. 
When pollen from a plant of one family is placed on 
the stigma of a plant of a distinct family, it exe&s no 
more influence t.hnn so much inorganic dust. Yrom 
Ohis absolute zero of fertility, the pollen of different 
species applied to the stigma of some one species of the 
same genus, yields a perfect gradation in the number 
of seeds produced, up to nearly complete or even quite 
complete fertility; and, as we have seen, in certain 
abnormal cases, even to an excess of fertility, beyond 
that whioh the plant’s own pollen produoes. So iu 
hybrids themselves, t,here are some which never have 
produced, and probably never would produce, even 
with the pollen of the pure parents, a single fertile 
seed: but in some of these cases a first trace of fertility 
may be detected, by the pollen of one of the pure 
parent-species causing the flower of the hybrid to 
wither earlier than it otherwise would have done ; 
and the early withering of the flower is well known 
to be a sign of incipient fertilisation. From this 
extreme degree of sterility we have self-fertilised 
llybrids producing a greater and grwte.r number of 
seeds up to perfect fertility. 

The hybrids raised from t.wo species which are very 
difficult to cross, and which rarely produce any off- 
Bpring, are generally very sterile; but the parallelism 
between the difficulty of making a first cross, and the 
sterility of the hybrids thus produced-two classes of 
facts which are generally ConSounded together-is by 
no means strict. There are many cases, in which two 
pure species, as in the genus Verbascum, can be united 

with unusual facility, and produce numerous hybrid- 
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offspring, yet these hybrids are remarkably sterile. 
On the other hand, there are species which can be 
crossed very rarely, or with extreme difficulty, but 
the hybrids, when at last produced, are very fertile. 
Even within the limits of the same genus, for instance 
in Dianthus, these two opposite cases occur. 

The fertility, both of first crosses and of hybrids, is 
more easily affected by unfavourable conditions, than 
is that of pure species. But the fertility of first crosses 
is likewise innately variable ; for it is not always the 
same in degree when the same two species are crossed 
under the same circumstances ; it depends in part upon 
the constitution of the individuals which happen to 
have been chosen for the experiment. So it is with 
hybrids, for their degree of fertility is often found to 
differ greatly in the tievera individuals raised from 
seed out of the same capsule and exposed to the same 
conditions. 

By the term systematic affinity is meant, t,he general 
resemblance between species in structure and const,itll- 
tion. Now the fertility of first crosses, and of the 
hybrids produced from them, is largely governed by 
their systematic affinity. This is clearly shown by 
hybrids never having been raised between species 
rank& by systematists in distinct families ; and on 
the other hand, by very closely allied species generally 
uniting with facility. But, the correspondence between 
eystematic affinity and the facility of crossing is by no 
means strict. A multitude of cases could be given of 
very closely allied species which will not unite, or only 
with extreme difficulty ; and on the other hand of very 
distinct opecies which unite with the utmost facility. 
In the same family there may be a genus, as Dianthus, 
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in which very many species can most readily be crossed ; 
and another genus, as Silene, in which the most perse- 
vering efforts have failed to produce between extremely 
close species a single hybrid. Even within the limits 
of the same geuu~, we meet with this same differcnco ; 
for instance, the many species of Nicotiana have been 
more largely crossed than the species of almost any 
other genus ; but, Giirtner found that N. acuminata, 
which is not a part.icularly distinct species, obstinately 
failed to fertilise, or to be fertiliscd by no less than 
eight other species of Nicotiana. Many anaIogous facts 
could be given 

No one has been able to point, out what kind or what 
amount of difference, in any xecogniuable character, is 
suficient to prevent two species crossing. It can be 
shown that plants moat widely different in habit and 
general appearance, and having strongly marked differ- 
ences in every part of the flower, even in t;he pollen, in 
the fruit, and in the cotyledons, can be crossed. Annual 
and perennial plants, deciduous and evergreen trees, 
plants inhabiting different stations and fitted for ex- 
tremely different climates, can often be crossed with 
ease. 

By a reciprocal cross between two species, I mean 
the case, for instance, of a female-ass being first crossed 
by a stallion, and then a mare by a male-ass ; these two 
species may then be said to have been reciprocally 
crossed. There is often the widest possible difference 
in the facility of making reciprocal crosses. Such 
cases are highly important, for they prove that the 
capacity in any two species to cross is often completely 
independent, of their systematic affinity, that’is of any 
difference in their structure or constitution, excepting 
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in their reproductive systems. The diversity of the 
result in reciprocal crosses between the same two 
species was long ago observed by Kolreuter. To give 
an instance: Mirabitis jalapa can easily be fertilised 
by the pollen of M. longiflora, and the hybrids thus 
produced are sufficiently fertile; but KBlreuter tried 
more than two hundred times, during eight following 
years, to fertilise reciprocally AI, longiflora with the 
pollen of M. jalapa, and utterly failed. Several other 
equally striking cases could be given. Thuret has 
observed the same fad with certain sea-weeds or Fuci. 
Giirtner, moreover, found that this difference of facility, 
in making reciprocal crosses is extremely common in a 
lesser degree. He has observed it even between closely 
related forms (as Matthiola annua and glabra) which 
many botanists rank only as varieties. It is also a 
remarkable fact, that hybrids raised from reciprocal 
crosses, though of course compounded of the very same 
two species, the one species having first been used as 
tho fathar and then as the mother, though they rarely 

differ in external characters, yet generally differ in 
fertility in a small, and occasional1.v in a high degree. 

Several other singular rules could be given from 
Giirtner : for instance, some species have a remarkable 
power of crossing with other spec.ies ; other species of 
the same genus have a remarkable power of impressing 
their likeness on their hybrid offspring ; but these two 
powers do not at all necessarily go together. There are 
certain hybrids which, instead of having, as is usual, 
an intermediate character between their two parents, 
always dnlnnely resemble nne of them ; and SIIP,~ hybrids, 

though externally so like one of their pure parent- 

species, are with rare exceptions extremely stcr&, &J 
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agaiu amongst hybrids which are usually intermediate 
in structure between their parents, exceptional and 
abnormal individuals sometimes are born, which closely 
resemble one of their pure parents ; and these hybrids 
are almost always utterly sterile, even when the other 
hybrids raised from seed from the same capsule have a 
considerable degree of fertility. These facts show how 
completely the fertility of a hybrid may be indepeudent 
of its external resemblance to either pure parent. 

Considering the several rules now given, which 
govern the fertility of first crosses and of hybrids, we 
see that when forms, which must be considered as good 
and distinct species, are united, their fertility graduates 
from zero to perfect fert,ility, or even to fertility under 
certain conditions in excess ; that their fertility, besides 
being eminently susceptible to favourable and un- 

favourable conditions, is innately variable ; that it is by 
no means always the same in degree in the first cross 
and in the hybrids produced from this cross; that the 
fertility of hybrids is not related to the degree in which 
they resemble in external appearance either parent ; and 
lastly, that the facility of making a first cross between 
any two species is not always governed by their 
systematic affinity or degree of resemblance to each 
other. This latter statement is clearly proved by the 

difference in the result of reciprocal crosses between 
the same two species, for, according as the one species 
or the other is used as the father or the mother, there is 
generally some difference, and occasionally the widest 
possible difference, in the fircility of etrecting an union. 
!l’he hybrids, moreover, produced from reciprocal crosses 
often differ in fertAity. 

Now do these ‘complex and singular rules indicata 
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that species have been endowed with sterility amply 
to prevent their becoming confounded in nature1 I 
think not, For why should the sterility be so 
extremely different iu degree, when various species 
cm crossed, all of which we must suppose it would 
be equally important to keep from blending tog&her 1 
Why should the degme of sterility be innately variable 
in the individuals of the same species? Why should 
some species cross with facility, and yet produce very 
sterile hybrids; and other species cross with extreme 
difficulty, and yet produce fairly fertile hybrids ? Why 
should there often be so great a difference in the result 
of a rec.iprocal cross between the same two species? 
Why, it may even be asked, has the production of 
hybrids been permitted ? To grant to species the 
special power of producing hybrids, a.nd then to stop 
their further propagation by different degrees of sterility, 
not strictly related to the facility of the first union 
between their parents, seems a strange arrangement. 

The foregoiug rules and facts, on t.he other hnnd, 

appear to me clearly to indicate that the sterility both 
of first crosses and of hybrids is simply incidental or 
dependent on uqknown differences in their reproductive 
systems; the difl’erences being of so peculiar and 
limited a nature, that, in reciprocal crosses between the 
same two species, the maIe sexual element of the one 
will often freely act on the female sexual element of the 
other, but not in a reversed direction. It will be 
advisable to explain a little more fully by an example 
what I mean by sterility being incidental on other 
differences, and not a specially endowed quality. As 
the capacity of one plant to be grafted or budded on 
another is unimportant for their welfare in a state of 
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nature, 1 presume that no one will suppose that this 
capacity is a speciaJly endowed quality, but will admit 
Lllst. it is incidental on differences in the laws of gro.uprth 
of the two plants. We can sometimes see the reason 
why one tree will not t&e on another, from difZerence3 
in their rate of growth, in the hardness of their wood, 
in the period of the flow or nature of their sap, &c.; 
but in a multitude of cases we can assign no reason 
whatever. Great diversity in the size of two plants, 
one being woody and the other herbaceous, one being 
evergreen and the other deciduous, and adaptation to 
widely dif%rent climatee, do not always prevent the 
two grafting together. As in hybridisation, so with 
grafting, the mpatcity is limited by systematic afinity, 
for no one has been able to graft together t,rees 
belonging to quite distinct families; and, on the other 
hand, closely allied species, and varieties of the same 
species, can usually, but not invariably, be grafted with 
ease. But this capacity, as in hybridisation, is by 
no means absolutely governed’ by systematic afSlnitgr. 
Although many distinct genera within the same family 
have been grafted together, in other cases species of the 
sume genus will not take on each other. The pear can 
be grafted far more readily on t,he quince, which is 
ranked as a distinct genus, than on the apple, which is 
a member of the same genus. Even different varieties 
of the pear take with different degrees of facility on the 
quince; 80 do diff’erent varieties of the apricot and 
peach on certain varieties of the plum 

As Giirtner found that there was sometimes an 
im?ate diflerence in diflerent individ~cals of the same 
two species in crossing ; so Sageret beLive+ this tu lm 
the case with different individuals of the same two 
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species in being grafted together. As in reciprocal 
crosses, the facility of effecting an union is often veiy 
fitr from equal, so it sometimes is in grafting; the 
common gooseberry, for instance, cannot be grafted on 
lhe currant, whereas the currant will take, though with 
difficulty, on t.he gooseberry. 

We have seen that the sterility of hybrids, which 
have their reproductive organs in an imperfect con- 
diGon, is a different case from the difficulty of uniting 
t,wo pure species, which have their reproductive organs 
perfect; yet these two distinct cIasaes of cases run to 
a large extent paralIeL Something analogous occurs 
in grafting ; for Thouin found that three species of 
Robinia, which seeded freely on their own roots, and 
which could be grafted with no great difficulty on a 
fourth species, when thus grafted were rendered barren. 
On the other hand, certain species of Sorbus, when 
grafted on other species yielded twice as much fruit as 
when on their own roots. We are reminded by this 
latter fact of the extraordinary cases of Hippeastrum, 
Passiflora, &c., which seed much more freely when 
fertilised with the pollen of a distinct species, than 
when fertilised with pollen from the same plant. 

We thus see, that, although there is a clear and great 
difference between Lhe u~ert: trdhesiun of grafted stocks, 
aud the union of the male and female elements in the 
act of reproduction, yet that there is a rude degree of 
parallelism in the results of grafting and of crossing 
distinct species. And as we must look at the curious 
and complex laws governing the facility wit,h which 
trees can be grafted on each other as incidental on 
unknown differences in their vegetative systems, 80 1 
believe that i,he still more complex laws governing tha 
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facility of first crosses are incidental on unknown 
differences in their reproductive systems. These 
rfifferences in both cases, follow to a certain extent, as 
might have been expected, systematic affinity, by whirh 
term every kind of resemblance and dissimilarity 
between organic beings is attempted to be expressed. 
The facts by no means seem t.o indicate that the greater 
or lesser difficulty of either grafting or crossing various 
species has been a special endowment ; although in the 
case of crossing, the difficulty is as important for the 
endurance and stability of specific forms, as in the case 
of grafting it is uuimyortzz& for their WelfU% 

Or&h2 and Causes of th4 Sterility of @St Crosse.8 
and of Hybrids. 

At one time it appeared to me probable, as it has to 
others, that the sterility of first crosses and of hybrids 
might have been slowly acquired. through the natural 
selection of slightly lessened degrees of fertility, which, 
like any other variation, spontaneously appeared in 
certain individuals of one variety when crossed with 
those of arwther variety. For it would clearly be 
advantageous to two varieties or incipient species, if 
they could be kept from blending, on the same 
principle that, when man is selecting at the same time 
t,wo varieties, it is necessary that he should keep them 
separate. In the first place, it may be remarked chat 
species inhabiting distinct regions are often sterilo 
when crossed ; now it could clearly have been cf no 
advantage to such scparatcd species to have been 
rendered mut:*ally sterile, and consequently this could 
not have been effected through natural selection; bat 
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it may perhaps be argued, that, if a species was rendered 
sterile with some one compatriot, sterility wit,h other 
epecies would follow as a necessary contingency. In 
the second place, it is almost as much opposed to tha 
tht!ory of natural selection as to that of special creation, 
that in reciprocal crosses the male element of one form 
should have been rendered utterly impotent on a 
second form, whilst at the same time the male element 
ot this second form is enabled freely to fertilise the 
first form ; for this peculiar state of the reproductive 
system could hardly have been advantageous to either 
species. 

In considering the probability of natural selection 
having come into action, in rendering species mutually 
sterile, the greatest difficulty will be found to lie in the 
existence of many graduated steps from slightly lessened 
fertility to absolute sterility. It may be admitted that 
it would profit an incipient species, if it were rendered 
in some slight degree sterile when crossed with its 
parent form or with some other variety; for thus fewer 
bastardised and deteriorated offspring would be pro- 
duced to commingle their blood with the new species 
in process of formation. But he who will take the 
trouble to reflect on the ste.ps by which this first degree 
of sterility could be increased through natural selection 
to that high degree which is common with so many 
epecies, and wh:ch is universal with species which 
have bce.n differentiated to a generic or family rank, will 
find the subject extraordinarily complex, After mature 
reflection it seems to me that this could not have been 
effected through natural selection. Take t,he case of 
any two species which, when crossed, produced few and 
sterile offspring; now, what is there which could favow 
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the survival of those individuals which happened lo 
be endowed in a slightly higher degree with mutual 
infertility, and which thus approached by one ame 
step towards absolute sterility ? Yet an advance of 
this kind, if t,he theory of natural selection be brought ta 
bear, must have incessantly occurred wit.h many species, 
for a multitude arc mutually quite barren. With 
sterile neuter insects we have reason to believe that 
modifications in their structure ctnd fertilit~y have been 
slowly accumulated by natural selection, from an 
advantage having been thus indirectly given to the 
uonrmuuity to which they belonged over other com- 
munities of the same species ; but an individual animal 
not belonging to a social community, if rendered slightly 

sterile when crossed with some other variety, would not 
&us itself gain any advantage or indirectly give any 
advantage to the other individuals of the same variety, 
thus leading to their preservation. 

But it would be superfluous to discuss this question in 
detail ; for with plants we have conclusive evidence 
that the sterility of crossed syeoies must be due to 
some principle, quite independent of natural selection. 
Both Giirtner and Elreuter have proved that in genem 
including numerous species, a series can be formed from 
species which when crossed yield fewer and fewer seeds, 
to species which never produce a single seed, but. yet 
are tiected by the pollen of certain other species, for 
the germen swells. It is here manifestly impossible te 
select the more sterile individuals, which have already 
:eaaed to yield seeds; so that this acme of sterility> 
when the germen alone is affected, cannot have been 
ga&ed through solcotion ; and from the laws governing 

the vsrious grades of sterility being so uniform through* 
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out the animal and vegetable kingdoms, we may infer 
that the cause, whatever it may be, is the same or 
nearly the same in all cases. 

‘#a will now look a little closer at the probable 
nature of the differences between species which induce 
sterility in first crosses and in hybrids. In the case of 
first crosses, the greater or less difficulty in effecting an 
union and in obtaining offspring apparently depends on 
several distinct causes. There must sometimes be a 
physical impossibility in the male element reaching 
the ovule, as would be the case with a plant having a 
pistil too long for the pollen-tubes to reach the ovarium. 
It has also been observed that when the pollen of one 
species is placed on the stigma of a distantly allied 
species, though the pollen-tubes protrude, key du UUL 

penetrate the stigmatic surface. Again, the male 
element may reach the female element but be incapable 
of causing an embryo to be developed, as seems to have 
been the case with some of Thuret’s experiments on 
Fuci. No explanation can be gi en of these facts, any 
more than why certain trees cannot be grafted on others. 
Lastly, an embryo may be developed, and then perish 
at an early period. This latter alternative has not been 
suffic.iently attended to ; but I believe, from observations 
communicated to me by Mr. Hewitt, who has had great 
experience in hybridising pheasants and fowls, that the 
early death of the embryo is a very frequent cause of 
atelility in iirst crosses. Mr. Salter haa recently given 
the results of an examination of about 500 eggs 
produced from various crosses between three species 
of Gallus and their hybrids ; the majority of these eggs 
had been fertilised ; and in the majority of the fertilised 
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eggs, the embryos had either been partially developed 
and had then perished, or had become nearly mature, 
but the young chickens had been nnable to break 
through the shell. Of the chickens which were born, 
more than four-fifths died within the first few days. OT 
at latest weeks, “ without any obvious cause, apparently 
from mere inability to live; ” so that from the 500 
eggs only twelve chickens were reared. With plants, 
hybridised embryos probably often perish in a. like 
manner; at least it is known that hybrids raised from 
very distinct species are sometimes weak and dwarfed, 
and perish at an early age ; of which fact Max Wichura 
has recently given some striking cases with hybrid 
willows. It may be here worth noticing that in some 
cases of parthenogenesis, the embryos within the eggs 
of silk moths which had not been fertilised, pass 
through their early stages of development and then 
perish like the embryos produced by a cross between 
distinct species. Until becoming acquainted with these 
facts, I was unwilling to believe in the frequent early 
death of hybrid embryoa; for hybrids, whou once born, 
are generally healthy and long-lived, as we see in the 
case of the common mule. Hybrids, however, ~PR 
differently circumstanced before and after birth : when 
born and living in a country where their two parents 
live, they are genemlly placed under suitable conditions 
of life. But a hybrid partakes of only half of the 
nature axd constitution of its mother; it may therefore 
before birth, as long aa it is nourished within ita 
mother’s womb, or within the e,ng or seed produced by 
the mother, be exposed to condit,ions in some degree 
unsuitable, and consequently be liable to perish at an 
mrly period; more especially as all very young beings 
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are eminently sensitive to injurious or unnatural 
conditions of life. But after all, the cause more 
probably lies in some imperfection in t,he original act of 
impregnation, causing the embryo to be imperfectly 
dcvcIopcd, rather t.han iu the conditions to which it is 
subSep%tly exposed. 

In regard to the sterility of hybrids, in which the 
sexual elements are imperfectly developed, the case is 
somewhat different. I have more than once alluded to 
a large body of fact.s showing that, when animals and 
plauts are removed from their natural conditions, they 
are extremely liable to have their reproductive systems 
seriously affected. This, in fact, is the great bar to 
the domestication of animals. Between the sterility 
thus superinduced and that of hybrids, there are many 
points of similarity. In both cases the sterility is 
independent of general health, and is often accompanied 
by excess of size or great luxuriance. In both cases 
the sfcrility occurs in various degrees ; in both, the 
male element is the most liable to be affected; but 
sometimes the female more than the male. In both, 
the tendency goes to a certain extent with systemntic 
afiIIity, fur Whde gLIJU~JS UP animals and plants are 
rendered impotent by the same unnatural conditions ; 
and whole groups of species tend to produce ,&rile 
hybrids. On the other hand, one species in a group 
will sometimes resist great changes of conditions with 
unimpaired fertility; and certain species in a group 
will produce unusually fertile hybrids. No one can 
tell, till he tries, whether any particular animal will 
bleed under confinement, or any exotic plant seed 
freely unrler culture ; uur can he tell till he t&q, 
nhetber any two species of a genus will produce more 
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or less sterile hybrids. Lastly, when organic beings 
are placed during several generations under conditions 
not natural to them, they nre extremely liable to vary, 
which seems to be partly due to their reproductive 
systems having been specially affected, though in a 
lesser degree than when sterility ensues. So it is wit.11 
hybrids, for their oflkpring in successive generations 
are eminently liable to vary, as every experimentalist 
has observed. 

Thus we see that when organic beings are placeu 
under new and unnatural conditions, and when hybrids 
are produced by the unnatural crossing of two species, 
the reproductive system, independently of the general 
state of health, is &e&d in a very similar manner. 
In the one case, the conditions of life have been dis- 
turbed, though often in so slight a degree 3s to be in- 
appreciable by us ; in the other case, or that of hybrids, 
the external conditions have remained the same, but 
the organisation has been disturbed by two diskinct 
structures and constitutions, including of course the 
reproductive sys~~~u, having baas blendud ~ULO VLIB. 
For it is scarcely possible that two organisations should 
be compounded into one, without some disturbance 
occurring in the development, or periodical action, OS 
mutual relations of the difl’erent parts and organs one 

to another or to the conditions of life. When hybrids 
are able to breed inter se, they transmit to their off- 
spring from generation to generation the same com- 
pounded organisation, and hence we need not be sur- 
prised t.hat their sterility, though in some degree 
variable, does not diminish ; it is even apt to increase, 
this being gcncrdly the result, as before explain&, 
of too close interbreeding. The above view of the 
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sterility of hybrids being caused by two constitutions 
being compounded into one has been strongly main- 
tained by Max Wichura. 

It must, however, be owned that we cannot under- 
stand, on the above or any other view, several facts 
with respect to the sterility of hybrids ; for instance, 
the unequal fertility of hybrids produced from recipro- 
cal crosses ; or the increased sterility in those hybrids 
which occasionally and exceptionally resemble closely 
either pure parent. Nor do I pretend that the fore- 
going remarks go to the root of the matter ; no explana- 
tion is offered why an organism, when placed under 
unnatural conditions, is rendered sterile. All that I 
have attempted to show is, that in two cases, in some 
respects allied, sterility is the common result,-in the 
one case from the conditions of life having been cl&- 
turbed, in the other case from the organisation having 
been disturbed by two organisations being compounded 
into one. 

A similar parallelism holds good with an allied yet 
very different class of facts. It is an old and almost 
universal belief founded on a considerable body of 
evidence, which 1 have elsewhere given, that slight 
changes in the conditions of life are beneficial to all 
living things. We see this acted on by harmcrs and 

gardeners in their frequent exchanges of seed, tubers, 
&c., from one soil or climate to another, and back again, 
During the convalescence of animals, great benefit js 

derived from almost any change in their habits of life. 
Again, both with plants and animals, there is the 
clearest evidence that a cross between individuals of the 
same species, which differ to a certain extent, gives 
vigour and fertility to the offspring; and that close 

28 
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inisrbreeding cunliwed during several generations 
between the nearest relations, if these be kept under 
the same conditions of life, almost always leads to 
decreased size, weakness, or sterility. 

Hence it seems that, on the one hand, slight changes 
in the conditions of life benefit all organic beings, and 
on the other hand, that slight crosses, that is crosses 
between the males and females of the same species, 
which have been subjected to slightly different con- 
ditions, or which have slightly varied, give vigour and 
fertility to the offspring. But, as we have seen, organic 
beings long habituated to oertain uniform conditions 

under a state of nature, when subjected, as under con- 
finement, to a considerable change in their conditions, 
very frequently are rendered more or less sterile ; and 
we know that a cross between two forms, that have 
become widely or specifically different, produce hybrids 
which are almost always in some degree sterile. I am 
fully persuaded that this double parallelism is by no 
means an accident or an illusion. He who is able to 
explain why the elephant and a multitude of other 

animals are incapable of breeding when kept undt:r 
only partial confinement in their native cnuntry, will 

be able to explain the primary cause of hybrids being 
so generally sterile. He will at the same time be able 
to explain how it is that the races of some of our do- 
mesticated animals, which have often been subjected 
to new and not uniform conditions, are quite fertile 
together, although they are descended from distinct 
species, which would probably have been sterile if 
aboriginally crossed. The above two parallel series of 
facts seem to be connected together by some common 

but unknown bond, which is essentially relate11 to the 
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principle of life ; this principle, according to Mr. Herb& 
Spencer, being that life depends on, or consists in, the 
incessant action and reaction of various furces, which, 
as throughout nature, are always tending towards an 
equilibrium ; and when this tendency is slightly dis- 
turbed by any change, the vital forces gain in power. 

Reciprocal BimvrpI&n and Trimoyhtim. 

This subject may be here brie3y discussed, and will 
be found to throw some light on hybridism. Several 
plants belonging to distinct orders present two forms, 
which exist in about equal numbers and which differ 
in no respect except in their reproductive organs ; one 
form having a long pistil with short stamens, the other 
a short pistil with long stamens ; the two having 
‘differently sized pollen-grains. With trimorphic planLs 
there are three forms likewise differing in the lengths 
of their pistils and stamens, in the size and colour of 
.the pollen-grains, and in some other respects ; and as 
in each of the three forms there are two sets of stamens, 
the three forms possess altogether six sets of stamens 
and three kinds of pistils. These organs are so pro- 
portioned in length to each other, that half the stamens 
in two of the forms stand on a level with the sti,ma of 
the third form. Now I have showq and the result has 
been confirmed by other observers, that, in order to 
obtain full fertility with these plants, it is necessary 
that, the stigma of the one form should be fertilised by 
pollen taken from the stamens of corresponding height 
in another form. So that with dimorphic species two 
unions, which may be called legitimate, are fulIy fertile ; 
and two, which may be called illegitimate, are more or 
less infertile. With trimorphic species six unions are 
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Iegitimate, or fully fertile,-and twelve are illegitimate, 
or more or less infertile. 

Tllo infertility whioh may bc observed in various 
dimorphic and trimorphic plants, when they are il. 
legitimately fcrtilised. that is by pollen taken from 
stltmens not corresponding in height with the pistil, 
differs much in degree, up to absolute and utter 
sterility ; just in the same manner as occurs in crossing 
distinct species. As the degree of sterility in the 
latter case depends in an eminent degree on the con- 
ditions of life being more or less favourable, so I have 
found it with ilhq$imate unions. It is well known 
that if pollen of a distinct species be placed on the stigma 
of a flower, and its own pollen be afterwards, even after 
a considerable interval of time, placed on the same 
stigma, its action is so strongly prepotent that it 
generally annihilates the effect of the foreign pollen; 
so it is with the pollen of the several forms of the same 
species, for legitimate pollen is strongly prepotcnt over 
illegitimate pollen, when both are placed on the same 
stigma. I ascertained this by fertilising several 5owera, 
first illegitimate.ly, and twe,nty-four hours afterwards 
legitimately, with pollen taken from a peculiarly 
coloured variety, and all the seedlings were similarly 
coloured ; this shows that the legitimate pollen, though 
applied twenty-four hours subsequently, had wholly 
destroyed or prevented the action of the previously 
applied illegitimate pollen. Again, as in making re, 
ciprocal crosses between the same two species, there is 
occasionally a great difference in the resuIt, so the same 
t,hing occurs with trimorpbic plants ; for instance, the 
mid-styled form of Lythrum salicxria was illegtimately 
fertilised with the greatest ease by pollen from the 
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longer stamens of the short-styled form, and yielded 
many seeds; bnt the l&ter form did not yield a single 
seed when fertilised by the longer stamens of the mid- 
8 tyled form. 

In all these respects, and in others which might be 
added, the forms of the same undoubted species when 
illegitimately united behave in exactly the same 
manner as do two distinct species when crossed. This 
led me carefully to observe during four years many 
seedlings, raised from several illegitimate unions. The 
chief result is that these ilkgitimato plants, aa they 

may be called, are not fully fertile. It is possible to 
raise from dimorphic species, both long-styled and 
short-styled illegitimate plants, and from trimorphiic 
plauts all three illegitimate forms. These can then be 
properly united in a legitimate manner. When this is 
done, there is no apparent reason why they should not 
yield M many seeds as did their parents when legiti- 
mately fertilised. But such is not the case. They are 
all infertile, in various degrees; aomc being so uttexly 

and incurably sterile that they did not yield during four 
seaSons a single seed or even seed-capsule. The 
sterility of these ille$timate plants, when united with 
each other in a legitimate mauner, may be st,rictly 
compared with that of hybrids when crossed inter se. 
If, on the other hand, a hybrid is crossed with either 
pure parent-species, the sterility is usually much 
lessened: and so it is when au illegitimate plant is 
fertilised by a legitimate plant. In the same manner 

s the sterility of hybrids does not always run parallel 
with the ditliculty of making the first cross between the 

two parent-species, so the sterility of certain ille&i- 
mate plants was unusually great, whilst the st&lity of 
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the union from which t,hey were derived was by no 
means great. With hybrids raised from the same seed- 
czqsnle the degree of sterility is innately variable, so it 
is in a marked manner with illegitimate plants. Lastly, 
many hybrids are profuse and persistent flowerers, 
whilst other and more sterile hybrids produce few 
flowers, and are weak, miserable dwarfs ; exactly 
similar cases occur with the illegitimate offspring of 
various dimorphic and trimorphie plants. 

Altogether there is the closest identity incharacter and 
behaviour between illegitimate plants and hybrids. It is 
hardly an exaggeration to maintain that illegitimate 
plants are hybrids, produced within the limits of the same 
species by the improper union of certain forms, whilst 
ordinary hybrids are produced from an improper union 
between so-&led distinat speoias. We have also already 
seen that there is the closest similarity in all respects 
between first illegitimate unions and first crosses between 
distinct species. This will perhaps be made more fully 
apparent by an illustration ; we may suppose that a 
botanist found two well-marked varieties (and such 
occur) of t,he long-styled form of the trimorphic Lythrum 
salicaria, and that he determined to try by crossing 
whether they were specifically distinct. He would find 
that they yielded only about one-fifth of the proper 
number of seed, and that they behaved in all the other 
above specified respects as if they had been two distinct 
species. But to make the case sure, he would raise 
plants from his supposed hybridiscd seed., and he would 
find that the seedlings were miserably dwarfed and 
utterly sterile, and that they behaved in all other 
respects like ordinary hybrids. He might then main- 
tain that he had actually proved, in accordance with 
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the common view, that his tmo varieties were as good 
and as distinct species as any in the world ; but he 
wouia be completely mistaken. 

The facts now given on dimorphic and trimorphic 
plants are important, because they show us, first, that 
the physiological test of lessened fertility, both in first 
crosses and in hybrids, is no safe criterion of specific 
distinction ; secondly, because we may conclude that 
there is some unknown bond which connects the in- 
fertility of illegitimate unions with that of their illegiti- 
mate offspring, and we are led to extend the same view 
to first crosses and hybrids ; thirdly, because we find, 
and this seems to me of especial importance, that two 
or three forms of the same species may exist and may 
differ in no respect whatever, either in structure or in 
constitution, r&Lively to external wnditiurrs, and yet 
be sterile when united in certain ways. For we must 
remember that it is the union of the sexual elements of 
individuals of t,he same form, for instance, of two long- 
styled forms, which results in sterility ; whilst it is the 
union of the sexual elements proper to two distinct 
forms which is fertile. Hence the case appears at first 
sight exactIy the reverse of what occurs, in the ordinary 
unions of the individuals of the same species and 
with crOsses between distinct species. It is, however, 
doubtful whether this is really so ; but I will not en- 
l:qe on this obscure subject. 

We may, however, infer as probable from the con- 
Gdcratit n of dimorphic and trimorphic plants, that the 
sterility of distinct species when crossed and of their 
hybrid progeny, depends exclusively on the nature of 
their sexual elements, and not on any difference in their 
structure or general constitut,ion. We are also led to 
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this same conclusion by considering reciprocal crosses, 
in which the male of one species cannot be united, 
or can he nnitd with great di&ulty, with the female 
of a second species, whilst the converse cross can be 
effected with perfect facility. That excellent observer, 
Giirtner, likewise concluded that species when crossed 
are sterile owing to differences confined to their repro- 
ductive systems. 

Fertility of Varieties when Crossed, and of their 
Mongrd O&.wing, not universd. 

It may be urged, as an overwhelming argument, that 
there must be some essential distinction between species 
a.nd varieties, inasmuch as the latter, however much 
they may differ from each other in external appearance, 
cross with perfect facility, and yield perfectly fertile 
offspring. With some exceptions, presently to be 
given, I fully admit that this is the rule. But the 
sub,ject is surrounded by difficulties, for, looking to 
varieties produced under nature, if twu forms hitherto 
reputed to be varieties be found in any degree sterile 
together, they are at nnce ranked by most naturalist.3 
as species. For instance, the blue and red pimpernel, 
which are considered by most botanists as varieties, are 
said by GLrtner to be quite sterile when crossed, and 
he consequently ranks them as undoubted species. If 
we thus argue in a circle, the fertility of all varieties 
produced under nature will assuredly have to be 
granted. 

If we turn to varieties, produced, or supposed to have 
been produced, undor domestication, we are still in- 

volved in some doubt. For when it is stated. for 
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instance, that certain South American indigenous do- 
mestic dogs do not readily unite with European dogs, 
the explanation which will occur to every one, and 
probably the true one, is that they are descended from 
aboriginally distinct species. Nevertheless the perfect 
fertility of so many domestic races, differing widely 
from each other in appearance, for instance those of the 
pigeon, or of the cabbage, is a remarkable fact; more 
especially when we reflect how many species there are, 
which, though resembling each other most closely, are 
utteriy sterile when intercrossed. Several considera- 
tions, however, render the fertility of domestic varieties 
less remarkable. In the first place, it may be observed 
that the amount of external difference between two 
species is no sure guide to their degree of mutual 
eterility, so that similar differences in the WYB of 
varieties would be no sure guide. It is certain that with 
species the cause lies exclusively in differences in their 
sexual constitution. Now the varying conditions to 
which domesticated animals and cultivated plants have 
been subjected, have had so little tendency towards 
modifying the reproductive system in a manner leading 
to mutual sterility, that we have good grounds for ad- 
mitting the directly opposite doctrine of Pallas, namely, 
that such conditions generally eliminate this tendency ; 
so that the domesticated descendants of species, which 
in their natural state probably would have been in 
some degree sterile when crossed, become perfectly 
fertile together. With plants, so far is cultivation from 
giving a tendency towards sterility between distinct 
species, that in several well-authenticated cases already 
alluded to, certain plants have been affected in an 
opposite manner, for they have become self-impotent 
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whilst still retaining the capacity of fertilising, and 
being fertilised by, other species. If the Pallasian 
doctrine of the elimination of sterility through long- 
continued domestication be admitted, and it can hardly 
le rejected, it becomes in the highest degree improbable 
that similar conditions long-continued should likewise 
induce this tendency; though in certain cases, with 
species having a peculiar constitution, sterility might 
occasionally be thus caused. Thus, as I believe, we 
can understand why with domesticated animals varieties 
have not bee.n produced which are mutually sterile ; 
and why with plants only a few such cases, immediately 
to be given, have been observed. 

The real dirliculty iu our present subject is not, as it 
appears to me, why domestic varieties have not become 
mutually infertile when crossed, but why this has so 
generally occurred with natural varieties, as soon as 
they have been permanently modifie.d in a sufficient 
degree to take rank as species. We are far from 
precisely knowing the cause; nor is this surprising, 
seeing how profoundly ignorant we are in regard to the 
normal and abnormal action of the reproductive system. 
But we can see that species, owing to their struggle for 
existence with numerous competitors, will have been 
cxposcd during long periods of time to more uniform 
conditions, than have. domestic varieties ; and this may 
well make a wide difference in the result. For we 
know how commonly wild animals and plants, when 
taken from their natural conditions and sub.jetted to 
captivity, are rendered sterile ; and the reproductive 
functions of organic beings which have always lived 
under natural conditions would probably in like 
manner be eminently sensitive to the influence of an 
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unnatural cross. Domesticated productions, on the other 
hand, which, as shown by the mere fact of their domesti- 
cation, were not originally highly sensitive to changes 
in their conditions of life, and which can now generally 
resist with undiminished fertility repeated changes of 
conditions, might be expected to produce varieties, 
which would be little liable to have their reproduct,ive 
powers injuriously affected by the act of crossing with 
other varieties which had originated in a like manner. 

I have as yet spoken as if t,he varieties of the same 
species were invariably ferOile when intercrossed. But 
it is impossible to resist the evidence of the existence 
of a certain amount of sterility in the few following 
cases, which I will briefly abstract. The evidence is 
at least as good as that from which we believe in the 
sterility of a mulLiLude of species. The evidence is, 
also, derived from hostile witnesses, who in all other 
cases consider fertility and sterility as safe criterions of 
specific distinction. Girtner kept during several years 
a dwarf kind of maize with yellow seeds, and a tall 
variety with red seeds growing near each other in his 
garden ; and although these plants have separated 
sexes, they never naturally crossed. He then fertilised 
thirteen flowers of the one kind with pollen of the 
other ; but only a single head produced any seed, and 
this one head produced only five grains. Manipulation 
~II this case could not have been injurious, aa the plants 
have separated sexes. No one, I believe, haa suspected 
that these varieties of maize are distinct species ; and it 
is important t.o notice that the hybrid plants thus 
raised were themselves perfectly fertile ; so that even 
Giirtner did not venture to consider the two varieties as 
specifically distict. 
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ciirou de Buzareingues crossed three varieties of 
gourd, which like the maize has separated sexes, and he 
asserts that their mutual fertiliualiou iy by so mu& Lhr, 
less easy as their differences are greater. How far these 
t?xperimcnts may be trusted, I know not; but the Porms 
experimented on are ranked by Sageret, who mainly 
founds his classification by the test of infertility, as 
varieties, and Naudin has come to the same conclusion. 

The following case is far more remarkable, and seems 
at first incredible ; but it is the result of an astonishing 
number of experiments made during many years on 
nine species of Verbascum, by so good an observer ancl 
so hostile a witness as Gktner : namely that the yellow 
and white varieties when orosscd product less seed than 
the similarly coloured varieties of the same species. 
Moreover, he asserts that, when yellow and white 
varieties of one species are crossed with yellow and 
white varieties of a distinct species, more seed is 
produced by the crosses between the similarly coloured 
flowers, than between those which are differently 
coloured. Mr. Scott also has experimented on the 
species and varieties of Verbascum ; and although 
unable to confirm Gtitner’s resuIts on the crossing of 
the distinct species, he finds that the dissimilarly 
coloured varieties of t,he same species yield fewer seeds, 
in the proportion of 86 to 100, than the similarly 
coloured varieties. Yet these varieties differ in no 
respect except in the colour of their flowers ; and one 
variety can sometimes be raised from the seed of another. 

Kiilreuter, whose accuracy has been confirmed by 
every subsequent observer, has proved the remarkable 
fact, that one particular variety GI Lht: common tobacco 
was more fertile than the other varieties, when crossed 
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with a widely distinct species. He experimented on 
five forms which are c.ommonly reputed to be variet.ies, 
and which he tested by the severest trial, namely, by 
reciprocal crosses, and he found their mongrel offsprin;: 
l.%rfectly fertile. But one of these five varieties, when 
used either as the father or mother, and crossed with 
the Nicotiana glutinosa, aIlways yielded hybrids not so 
sterile as those which were produced from the four 
other varieties when crossed with N. glutiuosa. ITence 
the reproductive system of this one variety must have 
been in some manner and in some degree modified. 

From these facts it can no longer be maintained that 
varieties when crossed are invariably quite fertile. 
From the great difficulty of ascertaining the infertility 
of variet,ies in a state of nature, for a supposed variety, 
if proved tu be infertile in any degree, would almost 
universally be ranked as a species ;-from man attend- 
ing only to external characters in his domestic varieties, 
and from such varieties not having been exposed for 
very long periods to uniform conditions of life ;-from 
these several considerations we may conclude that 
fertility does not constitute a fundamental distinction 
between varieties and species when crossed. The 
general sterility of crossed species may safely be looked 
aL, not as a special acquirement or euduwment, LuL a8 
incidental on changes of an unknown nature in their 
Eexual ele.ments. 

.H$&h and Mongrels compared, independently of Ihip 
fertility. 

Independently of the question of fertility, the off- 
spring of species and of varieties when crossed may be 
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compared in several other respects. Gktner, whose 
strong wish it was to draw a distinct line between 
species and variaties, could find very few, and, as it 
seems to me, quite unimportant differences between the 
so-called hybrid offspring of species, and the so-called 
mongrel offspring of varieties. And, on the other hand, 
they agree most closely in many important respects. 

I shall here discuss this subject with extreme brevity. 
The most important distinction is, that in the first 
generation mongrels are more variable than hybrids ; 
but Giirtner admits that hybrids from species which 
hctve long been cultivated are often variable in the 
first generation ; and I have myself seen striking 
instances of this fact. Giirtner further admits that 
hybrids between very closely allied species are more 
variable than those from very distinct species ; and 
this shows that the difference in the degree of variability 
graduates a\v&y. When mongrels and the more fertile 
hybrids arepropagated for several generations, an extreme 
amount of variability in the offspring in both cases is 
notorious ; but some few instances of both hybrids aud 
mongrels long retaining a uniform character could ba 
given. The variability, however, in the mccessive 
generations of mongrels is, perhaps, greater than in 
hybrids. 

This greater variability in mongrels than in hybrids 
does not seem at all surprising. For the parents of 
mongrels are varieties, and mostly domestic varictics 
(very few experiments having been tried on natural 
varieties), and this implies that there has been recent 
variability, which would often continue and would 
augment that Rri.Grtg frnm t,he act of crossing. The 
slight variability of hybrids in the first generation, in 



CUP. IS.] HYBRIDS AND MONGRELS COMPARED. 41 

contrast with that in the succeeding generations, is a 
curious fact and deserves attention. For it bears on 
the view which I have taken of one of the causes of 
ordinary variability ; namely, that the reproductive 
system from being eminently aenflitive to changed 
conditions of life, fails under these circumstances to 
perform its proper function of producing offspring 
closely similar in all respects to the parent-form. ?SOW 
hybrids in the first generation are descended from 
species (excludin, v those long-cultivated) which have 
not had their reproductive systems in a.ny way affected, 
and they are not variable; but hybrids themselves have 
their reproductive systems seriously affected, and their 
descendants are highly variable. 

But to return to our comparison of mongrels and 
hybrids : Giirtner &at&s t,hat. mnngr& twe mnre l.iable 

than hybrids to revert to either parent-form ; but t,his, 
if it be true, is certainly only a difference in degree. 
Moreover, Glirtner expressly states that hybrids from 
long cultivated plants are more subject to reversion 
than hybrids from species in thcjr natural state; and 
this probably explains the singular difference in the 
results arrived at by different observcru; thus Max 
Wichura doubts whether hybrids ever revert to t,h&r 
parent-forms, and be expckmenkd on uncultivated 
spec.ies of willows, . whilst Naudin, on the other hand, 
insists in the strongest terms on the almost universal 
tandency to reversion in hybrids, and he experimented 
chiefly on cultivated plants. Glirtner further states 
that when any two species, although most closely allied 
to each other, are crossed with a third species, the 
hybrids are widely difft!rent from eitch other ; wherew 
if two very distinct varieties of one species are cross4 
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with mother species, the hybrids do not Iliffir n~uc.b 
But this conclusion, as far as I can make out, is 
f0unde.d on a single experiment; and seems directly 
opposed to the results of several experiments made ty 
Eilreuter. 

Such alone are the unimportant differences which 
Giirtner is able to point out between hybrid and 
mongrel plants. On the other hand, the degrees and 
kinds of resemblance in mongrels and in hybrids to 
their respective parents, more especially in hybrids 
produced from nearly related species, follow according 
to Giirtner the same laws. When two species are 
crossed, one has sometimes a prepotent power of 
impressing its likeness on the hybrid. So I believe 
it to be with varieties of plants ; and with animals one 
variety certainly often ha8 this prepotent power over 
another variety. Hybrid plants produced from a 
reciprocal cross, generally resemble each other closely ; 
and so it is with mongrel plants from a reciprocal cross. 
Both hybrids and mongels can be reduced to either 
pure pare&form, by repeated cros~cs in successive 
generations with either parent. 

These several remarks are apparently applicable to 
animals; but the subject is here much complicated, 
partly owing to the existence of secondary sexual 
characters ; but more especially owing to prepotency in 
transmitting likeness running more strongly in one sex 
than in the other, both when one species is crossed with 
another, and when one variety is crossed with another 
variety. For instance, I think those authors are right 
who maintain that the ass has a prepotent power over 
the horse, so that hnth t,he mule. wd the hinny resemble 

more closely the ass than the horse; but that the pre- 
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potency rrms more strongly in the male than in the 
female asq sn t,ha.t t,he mule, which is the offspring of 
t.he male ass and mare, is more like an ass, than is 
the hiany, which is the offspring of the female ass and 
stallion. 

lMuch stress has been laid by some authors on the 
supposed fact, that it is only with mongrels that the 
ofl’spring are not intermediate in character, but cIosely 
resemble one of their parents ; but this does sometimes 
occur mith hybrids, yet I grant much less frequently 
than with mongrels. Looking to the cases whioh I 

have collected of cross-bred animals closely resembling 
one parent, the resemblances seem chiefly confined to 
characters almost monstrous in their nature, and which 
have suddenly appeared-such as albinism, melanism, 
deficiency of tail or horns, or additional fingers and 
toes ; and do not relate to characters which have been 
slowly acquired through selection. A tendency to 
sudden reversions to the perfect character of either 
parent would, also, be much more likely to occur with 
mongrels, which are descended from varieties often 
suddenly produced and semi-monstrous in charactrr, 
than with hynrids, which are descended from species 
slowly and naturally produced. On the whole, I 
entirely agree with Dr. Yrosper Lucas, who, after 
arran,ting an enormous body of facts with respect to 
animals, comes to the conclusion that the laws of 
resemblance of the child to its parents are the same, 
tihether the two parents differ little or mnch from each 
other, namely, in the union of individuals of the same 
variety, or of different varieties, or of distinct species. 

Independently of the question of fertility and sterility, 
in all other respects there seems to be a general and 

29 
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close similarity in the offspring of crossed species, and 
of crossed varieties. If we look at species as having 
been specially created, and at varieties as having been 
produced by secondary laws, this similarity would be 
8~ ~ts~oti~hiug fact. But it harmonises perfectly with 
the view that there is no essential distinction between 
species and varieties. 

Summary of Chpter. 

First crosses between forms, sufficiently dist,inct 09 
be ranked as species, and t,heir hybrids, are very 
generally, but not universally, sterile. The sterility 
is of all degrees, and is often so slight that the most 
careful experimentalists have arrived at diametrically 
opposite conclusions in ranking forms by this test, 
The sterility is innately variable in individuals of the 
same species, and is eminently susceptible to the action 
of favourable and unfavourable conditions. The degree 
of sterility does not strictly follow systematic affinity, 
but is governed by several curious and oomplex laws. 
It is generally different, and sometimes widely different 
in reciprocal crosses between the same two species. It 
is not always equal in degree in a first cross and in the 
hybrids produced from this cross. 

In the same manner as in grafting trees, the capacity 
.in one species or variety to take on another, is incidental 
on dii?‘eronces, generally of an unknown nature, in their 
vegetative systems, so in crossing, the greater or less 
facility of one species to unite with another is incidental 
on unknown differences in their reproductive systems. 
There is no more reason to think that species have been 
specially endowed with various degrees of sterility to 
provent their crossing and blending in nature, than to 
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think that trees have been specially endowed with 
various and somewhat analoguuu dogreas of difilculty 
in b&g grafted together in order to prevent their 
inarching in our forests. 

The sterility of first crosses and of their hybrid 
progeny has not been acquired through natural se- 
lection. In t,he case of first crosses it seems to depend 
on several circumstances ; in some instances in chief 
part on the early death of the embryo. In the case of 
hybrids, it apparently depends on their whole or- 
ganisation having been disturbed by being compounded 
from two distinct forms; the sterility being cIosely 
allied to that which SO frequently affects pura species, 
when exposed to new and unnatural conditions of 
life. He who will explain these latter cases will 
be able to explain the sterility of hybrids. This 
view is strongly supported by a parallelism of another 
kind : namely, that, firstly, slight changes in the 
conditions of life add to the vigour and fertility of all 
organic beings ; and secondly, that the crossing of 
forms, which have been exposed to slightly different 
conditions of life or whioh havo varied, favonrs the size, 
vigour, and fertility of their offspring. The facts given 
011 the sterility of the ille,oitimate unions of dimorphic 
and trimorphic plants and of their illegitimate progeny, 
perhaps render it probable that some unknown bond in 
all cases connects the degree of fertility of first unions 
with that of their offspring. The consideration of these 
facts on dimorphism, as well as of the results of reci- 
procal crosses, clearly leads to the conclusion that the 
primary cause of the sterility of crossed species ia 
confined to differences in their sexual elements. But 
why, in the PA(IF! of distinct qwoien, the sexual elementa 
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should so generally have became more or less modified, 
leading to their mutual infertility, we do not know ; but 
it seems to stand in some close relation to species having 
been exposed for long periods of time to nearly uniform 
condit,ions of life. 

It is not surprising that the difficulty in crossing any 
t,wo species, and the sterility of their hybrid offspring, 
should in most cases correspond, even if due to distinct 
causes: for both depend on the amount of difference 
between the species which are crossed. Nor is it 
surprising that the facility of effecting a first cross, and 
the fertility of the hybrids thus produced, and the 
capacity of being grafted together-though this latter 
capacity evidently depends on widely different circum- 
stances-should all run, to a certain extent, parallel 
with the systematic affinity of the f~orms subjected to 
experiment ; for systematic affinity includes resem- 
blances of all kinds. 

First crosses between forms known to be varieties, or 
sufficiently alike to be considered as varieties, and their 
mongrel offspring, are very generally, but not, as is so 
often stated, invariably fert,ile. Nor is this almost 
universal and perfect fertility surprising, when it is 
remembered how liable we are to argue in a circle with 
respect to varieties in R state of nature; ami when we 
remember that the greater number of varieties have 
been produced under domestication by the selection of 
mere external differences, and that they have not been 
long exposed to uniform conditions of life. It should 
also be especially kept in mind, that, long-continued 
domestication tends to eliminate sterility, and is there- 
fore little likely to induce thin same quality. Indepen- 
dently of the question of fertility, in all other respects 
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there is the closest general resemblance between hybrids 
and mongrels,- in their variability, in t,hcir power of 
absorbing each other by repeated crosses, and in their 
inheritance of characters from both parent-forms. 
Finally, then, although we are as ignorant of the 
precise cause of the sterility of first crosses and of 
hybrids as we are why animals and plants removed 
from their natural conditions become sterile, yet the 
facts given in this chapter do not seem to me opposed 
to the belief that species aboriginally existed as 
varieties 
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CHAPTER X. 

ON THE IMPERFECTION OF THE GEOLOGICAL RECORD. 

On the absence of intermediate varieties at the present day-On 
the nature of extinct intermediate varieties ; on their nnmber- 
On the lapse of time, as inferred Urom the rate of deuu&tion 
and of depwition On the lapse of time M esLiuwd.d by years 
-On the poorness of our palsontologicsl collectiong-0n the 
intermittence of ge,enlogM formations-On the denudation of 
grauitio areas--On the absence of intermediate varieties iu ally 
one formation-On the snddeu appcrxance of gronps of spccies- 
On their sudden appear;ince in the lowest known fossiliferous 
&rats-Antiquity of the habitable esrth. 

IN the sixth chapter I enumerated the chief objections 
which might be justly ursed against the views main- 
tained in this volume. Most of them have now been 
discussed. One, namely L11e distinctness of specific 
forms, and their not being blended together by innumer- 
able transitional links, is a very obvioas difficulty, I 
assigned reasons why such links do not commonly occur 
at the present day under the circumstances apparently 
most favourable for their presence, namely on an 
extensive and continuous area with graduated physical 
conditions. I endeavoured to show, that the life of 
each species depends in a more important manner on 
the presence of other alre<tiy defined organic forms, 
Lhan on climate, and, therefore, that the really governing 
oonrlitione of life do not graduate away quite insensibly 
Like heat or moisture. I endeavoured, also, to show 
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that intermediate varieties, from existing in lessei 
numbers than the forms which they connect, will 
generally be beaten out and exterminated during the 
course of further modification and improvement. The 
main ~ztuse, howovcr, of innumerable intermediate links 
not now occurring everywhere throughout nature, 
depends on the very process of natural selection, through 
which new varieties continually take the places of and 
supplant their parent-forms. But just in proportion as 
this process of extermination has acted on an enormous 
scale, so must the number of intermediate varieties, 
which have formerly existed, be truly enormous. Why 
then is not every geological formation and every stratum 
full of such intermediate links ? Geolo,T assuredly does 
not reveal any such finely-graduated organic chain ; and 
this, perhapn, is the most ahvinua and serious objection 
which can be urged against the theory. The explanation 
lies, as I believe, in the extreme imperfection of the 
geolo$A record. 

In the first place, it should altiays be borne in mind 
what sort of intermediate forms must, on the theory, 
have formerly existed. I have found it difhcult, when 
luukiug at any two species, Lu avoid picturing to 
myself forms dire&y intermediate between them. But 
this is a wholly false view ; we should always look f,,r 
forms intermediate between each species and a common 
but unknown progenitor; and the progenitor will gen- 
erally have differed in some respects from all its 
modified descendants. To give a simple illustration: 
the fantail and pouter pigeons are both descended from 
the rook-pigeon ; if we possessed all the intermediam 
varieties which have ever existed, we should have an 
extremely close series between both and the rock. 
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pigeon ; but wo should have no varieties directly 

intermediate between the fantail and pouter; none, 
for instance, combinin,o a tail somewhat expanded with 
a crop somewhat enlarged, the characteristic features of 
these two breeds. These two breeds, moreover, ha;e 
become so much modified, that, if we had no historical 
or indirect evidence regarding their origin, it would not 
have been possible to have determined, from a mere 
comparison of their structure with that of the rock- 
pigeon, C. livia, whether they had descended from this 
species or from some other allied form, such as C. oenas. 

So, w&h natmal species, if we look to forms very 
distinct, for instanpe to the horse and tapir, we have 
no reason to suppose that links directly intermediate 
between t,hem ever existed, but between each and an 
unknown common parent. The common parent will 
have had in its whole organisat,ion much general re- 
semblance to the tapir and to the horse ; but in some 
points of structure may have differed considerably from 
both, even perhaps more than they differ from each 
other. Hence, in all such cases, we should bc unable 
to recognise the parent-form of any two or more species, 
even if we closely compared the structure of the parent 
with that of its modified descendants, unless at tha 
same time we’had a nearly perfect chain of the inter- 
mediate links. 

It is just possible by the theory, that one of two 
living forms might have descended from the other; for 
instance, a horse from a tapir; and in this case direct 
intermediate links will have existed between them. 
But such a case would imply that one form had 
remained for a very long period unaltered, whilst its 
descendants had undergone a vast amount of change ; 
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and the principle of competition between organism and 
organism, between child and parent, will render this a 
very rare event ; for in all cases the new and improved 
forms of life tend to supplant the old and unimproved 
lhXLlY. 

By the theory of natural selection all living species 
have been connected with the parent-species of each 
genus, by diflerences not greater than we see between 
the natural and domestic varieties of the same species 
at the present day; and these parent-species, now 
generally extinct, have in their turn been similarly 
connected with more ancient forma ; and so on back- 
wards, always convergin, n to the common ancestor of 
each great class. So that the number of intermediate 
and transitional links, between all living and extinct 
spcoics, must have been inconceivably great. But 
assuredly, if this theory be true, such have lived upon 
the earth. 

Deposition and extent of Benudatim. 

Independently of our not finding fossil remains of 
such infinitely numerous connecting links, it may be 
objcctcd thnt time cannot have sufficad for so great an 

amount of organic change, all changes having been 
effected slowly. It, is hardly possible for me to recall 
to the reader who is not a practical geologist, the facts 
leading the mind feebIy to comprehend the lapse of time. 
Ho who can read Sir Charles Lyell’s grand work on the 
Principles of Geology, which the future historian will 
recopiae as having produced a revolution in natural 
science, and yet does not admit how vast have been the 
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past periods of time, may at once close thia voluma 
Not that it suffices to study the Principles of Geology, 
or to read special treatises by different observers on 
separate formations, and to mark how each author 
&tempts to give an inadequate idea of the duration of 
each formation, or even of each stratum. We can best 
gain some idea of past time by knowing the agencies at 
work, and learning how deeply the surface of the land 
has been denuded, and how much sediment has been 
deposited. As Lye11 has well remarked, the extent and 
thickness of our sedimentary formations are the result 
and the measure of the denudation which the earth’s 
crust has elsewhere undergone. Therefore a man 
should examine for himself the great piles of super- 
imposed strata, and watch the rivulets bringing down 
mud, and. the waves wearing away the sea-clifTs, in 
order to wqmhend something about the duration of 
past time, the monuments of which we see all around 
us. 

It is good to wander along the coast, when formed of 
moderately hard rocks, and mark the process nf degrad- 
ation. The tides in most cases reach the cliffs only for 
a short time twice a day, and the waves eat into them 
only when they are charged with sand or pebbles ; 
for there is good evidence that pure water effects 
nothing in wearing away rock. At last the base of the 
cliff is undermined, huge fragments fall down, and 
these, remaining fixed, have to be worn away atom by 
atom, until after being reduced in size they can be 
rolled about by the waves, and then t,hey are more 
quickly ground into pebbles, sand, or mud. But how 
often do we see along the bases of retreating cliffs 
rounded boulders, all thickly clothed by marine pro- 
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ductions, showing how little they are abraded and how 
seldom they are rolled about ! Moreover, if we follow 
for a few miles any line of rocky cliff, which 3 under- 
going degradation, we find t.hat it is only here and there, 
along a short length or rolmd a promontory, that the 
clifls are at the present time suffering. The appearance 
of the surface and the vegetation show that elsewhere 
years have elapsed since the waters washed their base. 

We have, however, recently learnt from the obser- 
vations of Ramsay, in the van of many excellent 
observers-of Jukes, Geikie, Croll, and others, that 
subaerial degradation is a much more important agency 
than coast-action, or the power of the waves. The 
whole surface of the land is exposed to the chemical 
action of the air and of the rain-water with its dissolved 
carbonic acid, and in cnlder cnnnt,rien to frnst; the 
disintegrated matter is carried down even gentle slopes 
during heavy rain, and to a greater extent than might 
be supposed, especially in arid districts, by the wind ; it 
is then transported by the streams and rivers, which 
when rapid deepen their channels, and triturate the 
fra,aments. On a rainy day, even in a gently undula- 
ting counbry, we see the effects of subaerial degradaGun 
in the muddy rills which flow down every slope. 
&JJSEI. Ramsay and Whitakor have shown, and the 
observation is a most striking one, that the great lines 
of escarpment in the Wealden district and those ranging 
across England, which formerly were looked at aq 
mcicnt sea-coasts, cannot have been thus formed, for 
each line is composed of one and the same formation, 
whilst our sea-cliffs are everywhere formed by the 
intersection of various formations. This being the case, 
we are compelled to admit that the escarpments ow,e 
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their origin in chief parl lo the rocks of which they are 
composed having resisted subaerial denudation better 
than the surrounding surface ; this surf~o consqucntly 
has been gradually lowered, with the lines of harder 
rock left projecting. Nothing impresses the mind with 
the vast duration of time, according to our ideas of time, 
more forcibly than the conviction thus gained that 
subaerial agencies which apparently have so little 
power, and which seein to work so slowly, have pro- 
duced great results. 

When thus impressed with the slow rate at which 
the land is worn away through aubacrial and littoral 
action, it is good, in order to appreciate the past 
duration of time, to consider, on the one hand, the 
masses of rock which have been removed over many 
extensive areas, and on the other hand the thickness of 
our sedimentary formations. I remember having been 
much struck when viewing volcanic islands, which have 
been worn by bhe waves and pared all round into 
perpendicular cliKs of one or two thousand feet in 
height ; for the gant2c slope of the lava-streams, due tu 
their formerly liquid state, showed at a glance how far 
the hard, rocky beds had once extended into the open 
ocean, The same story is told still more plainly by 
faults,-those great cracks along which the strata have 
been upheaved on one side, or thrown down on the 
other, to the height or depth of thousands of feet ; for 
sjnce the crust cracked, and it makes RO great din’erence 
whether the upheaval was sudden, or, i~9 most geologists 
now believe, was slow and effected by many starts, the 
surface of the land has been so completely planed down 
tllst no trace of these vast dislocations is externally 
&ibl,la The Craven fault, for instance extends for 
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upwards of 30 miles, and along this line the vertical 
displacement of the strata varies from GOI) t,o 3000 feet. 
Professor Ramsay has p>blished an account of a down- 
throw in Anglesea of 2300 feet; and he informs me 
lhat he fully believes that there is one in Merioneth- 
shire of 12,000 feet ; yet in these cases there is nothing 
on the surface of the land to show such prodigious 
movements ; the pile of rocks on either side of the 
crack having been smoothly swept away. 

On the other hand, in all parts of t,hc world the piles 
of sedimentary &rata are of wonderful thickness. In 
the Cordillera I estimated one mass of conglomerate at 
ten thousand feet; and although conglomerates have 
probably been accumulated at a quicker rate than finer 
sediments, yet from being formed of worn and rounded 
pebbles, each of which bears the stamp of time, they 
are good to show how slowly the mass must have been 
heaped together. Professor Ptimsay has given me the 
maximum thickness, from actual measurement in most 
cases, of the suoocssivo formations ip &fire& parts of 
Great Britain ; and this is the result :- 

Paleozoic strata (not including igneous beds) ., 
R-e;. 

,. 5,134 
Swondary strata . . . . ., . . . . . . ., ., 13,190 
Tertiary strata _. ._ __ . . ., . . . . ,. 2.240 

--makmg altogether 72,584 feet; that is, very nearly 
thirteen and three-quarters British miles. Some of the 
ti,rmations, which are represented in England by thin 
beds, are thousands of feet in thickness on the Con- 
tinent. Moreover, between each successive formation, 
we have, in the opinion of moat, genlo$sts, blank 
periods of enormous length. So that the lofty pile of 
eedimentaw rocks in Britain gives but an inadequate 
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idea of the time which has elapsed during their accumuh- 
tion. The consideration of these various facts impresses 
the mind almost in the same manner as does the vain 
endeavour to grapple with the idea of eternity. 

Nevertheless this impression is partly false. Mr. 
Croll, in an interesting paper, remarks that we do not 
err “ in forming too great a conception of the length of 
“ geological periods,” but in estimating them by years. 
When geologists look at large and complicated phe- 
nomena, and then at the figures representing several 
million years, t,he two produce a totally different effect 
on the mind, and the figures are at once pronounced too 
small. In regard to subaerial denudation, Mr. Croll 
&OWU, by c&uluting the known amount of sediment 
annually brought down by certain rivers, relatively to 
their areas of drainage, that 1000 feet of solid rock, as 
it became gradually disintegrated, would thus be re- 
moved from the mean level of the wh&e area in the 
course of six million years. This seems an astonishing 
result, and some considerations lead to the suspicion 
that it may be too large, but even if halved or quartered 
it is still very surprising. Few of us, however, know 
what a million really means : Mr. Croil gives the 
following illustration : take a narrow strip of paper, 83 
feet 4 inohhcs in length, and stretch it along the wall of 

a large hall ; then mark off at one end the tenth of an 
inch. This tenth of an inch will represent one hundred 
years, and the entire strip a million years. But, let it 
be borne in mind, in relation to the subject of this work, 
what a hundred years implies, represent& as it is by a 
measure ut,terly insignificant in a hall of the above 
dimensions. Several eminent breeders, during a single 
lifetime, have so largely modified some of the higher 



CHAP. x.1 THE LAPSE OF TIME. 67 

animals, which propagate their kind much more slowly 
than most of the lower animals, that they have formed 
what well deserves to be called a new sub-breed. Few men 
have attended with due care to any one strain for more 
than half a century, so that a hundred years represents 
the work of two breeders in succession. It is not to be 
supposed that species in a state of nature ever change 
so quickly as domestic animals under the guidance of 
methodical selection. The comparison would be in 
every way fairer with the effects which follow from 
unoonscious selection, that is the preservation of the 
most useful or beautiful animals, with no intention of 
modifying the breed ; but by this process of unconscious 
select,ion, various breeds have been sensibly changed in 
the course of two or three centuries. 

Species, however, probably change much more slowly, 
and within the same country only a few change at the 
same time. This slowness follows from all the inhabit- 
ants of the same country being already so well adapted 
to each other, that new places iu the polity of nature do 
not occur until after long intervals, due to the occur- 
rence of physical changes of some kind, or through the 
immigration of new forms. Moreover variations or 
individual differences of the right nature, by which 
some of the inhabitants might be -better fitted to their 
new places under the altered circumstances, would not 
always occur at once. Unfort,unately we have no means 
of determining, according to the standard of years, how 
lsng a period it takes to modify a species ; but to the 
subject oi time we must return. 
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On the Poorness of Paltzon~ologic4d Collections. 

Now let us turn to our richest geological museums, 
and wh& a paltry display we behold! That our col- 
lections are impcrfcct is admitted by crcry one. The 
remark of that admirable pakeontologist, Edu-ard Forbes, 
should never be forgotten, namely, that very many fossil 
species are known and named from single and often 
broken specimens, or from a few specimens collected on 
some one spot. Only a small portion of the surface of 
the earth has been geologically explored, and no part 
with suEicient care, as the important discoveries made 
every year in Europe prove. No organism wholly soft 
cau be preserved. Shells and bones decay and disappear 
when left on the bottom of the sea, where sediment is 
net accumulating. We probal~ly take a quite erroneous 
view, when we assume that sediment is being deposited 
over nearly the whole bed of the sea, at a rate 
sufficiently quick to embed and preserve fossil remains. 
Throughout an enormously large proportion of the ocean, 
the bright blue tint of the water bespeaks its purity. 
The many cases on record of a formation conformably 
covered, after an immense interval of time, Ly another 
and later formation, without the underlying bed having 
suffered in the interval any wear and tear, seem 
explicable only on the view of the bottom of the sea not 
rarely lying for ages in an unalt.ered condition. The 
remains which do become embedded, if in sand or 
gravel, will, when the beds are upraised, generally be 
dissolved by the percolation of rain-water charged wit.h 
carbolic acid. Some of t,he many kinds of animals 
wEoh live on the beach between high and low water 
mark seem to be rarely preserved. For instance, the 
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several species of the Chthamalinm (a sub-family of 
sessile cirripedes) coat the rocks all over the world in 
inrinite numbers : they are all strictly littoral, with the 
exception of a single Mediterranean species, which 
inhabits deep water, and this has been found fossil in 
Sicily, whereas not one other species has hitherto been 
found in any tertiary formation : yet it is known that 
the genus ChthamaIus existed during the Chalk period. 
Lastly, many great deposits requiring a vast length of 
time for their accumulation, are entirely destitute of 
organic remains, without nur being able to assign any 
reason: one of the most striki%e instances is that of the 
Flysch formation, which consists of shale and sandstone, 
several thousand, occasionally even six thousand feet in 
thickness, and extending for at least 300 miles from 
Vienna to Switzerland ; and although this great mass 
has been most carefully searched, no fossils, except a 
few vegetable remains, have been found. 

With respect to the terrestrial productions which lived 
during t,he Secondary and Pal=oznic periods, it is super- 
fluous to state that our evidence is fragmentary in an 
extreme degree. For instance, until recently not a land- 
shell was known belon@,o to either of these vast 
periods, with the exception of one species discovered by 
Sir C. Lyell and Dr. Damson in the carboniferous strata 
of North America ; but now land-shells have been found 
in the has. In regard to mammiferocs remains, a 
glance at the historical table published in Lyell’s 
Jianual will bring home the truth, how accidental and 
rare is their preservation, far better than pages of detail. 
Nor is their rarity surprising, when we remember how 
lqo a proportion of the bones of tertiary mammals 
have beon discovered either in caves or in lacustine 

80 
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deposits; and that not a cave or true lacustrine bed is 
known belonging to the age of our secondary or 
palmozoic formations. 

But the imperfection in the geological record largely 
results from another and more important cause than 
any of the foregoing; %amely, from the several forma- 
tions being separated from each other by wide intervala 
of time. This doctrine has been emphatically admitted 
by many geologists and paleontologists, who, like E. 
Forbes, entirely disbelieve in the change of species. 
When we see the formations tabulated in written 
works, or when we follow them in nature, it is difficult 
to avoid believing that they are closely consecutive. 
Hut we know, for iusjld1lctl, fru~ Sir 1C. Murchison’s 
great work on Russia, what wide gaps there are in that 
country between the superimposed formations ; so it is 
in North America, and in many other parts of the 
world. The most skilful geologist, if his attention had 
been confined exclusively to these large territories, 
would never have suspected that, during the periods 
which were blank and barren in his own country, great 
piles of sediment, charged with new and peculiar forms 
of life, had elsewhere been accumulated. And if, in 
each separate territory, hardly any idea can be formed 
of the length of time which has clnpscd bctwccn the 
consecutive formations, we may infer that this could 
nowhere be ascertained. The frequent and great 
changes in the mineralogical composition of consecutive 
formations, generally implying great changes in the 
geoT&phy of the surrounding lands, whence the sedi- 
ment was derived, accord with the belief of vast inter- 
vals of time having elapsed between each formation. 

We can, X think, see why the geological formationa 
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of each region are almost invariably intermittent ; that 
is, have not followed each ot,her in close sequence. 
Scarcely any fact struck me more when examining 
many hundred miIes of the South American coasts, 
which have been upraised several hundred feet wit,hiu 
the recent period, than the absence of any recent de- 
posits sufficiently extensive to last for even a short 
geological period. Along the whole west coast, which is 
inhabited by a peculiar marine fauna, tertiary beds are 
so poorly developed, tbat no record of several successive 
and peculiar marine faunas mill probably be preserved 

to a distant age. A little reflection will explain why, 
along the rising coast of the western side of South 
America, no extensive formations with recent or ter- 
tiary remains can anywhere be found, though the supply 
of sediment must for ages have been great, from tho 
enormous degradation of the coast-rocks and from 
muddy streams entering the sea. The explanation, no 
doubt, is, that the littoral and sub-littoral deposits are 
continunlly morn away, as soon as they arc brought up 

by the slow and gradual rising of the land within the 
grinding action of the coast-waves. 

We may, 1 think, conclude that sediment must be 
accumulated in ext.remely thick, solid, or extensive 
masses, in order to withstand the incessant action of 
the waves, when first upraised and during successive 
,sc.illations of level, as well as the subsequent subaerial 
&gradation. Such thick and extensive accumulations 
of sediment may be formed in two way8 ; either in pro- 
found depths of the sea, in which case the bottom will 
not be inhabited by so many and such varied forms of 

life, as the more shallow seas ; and the mass when 
upraised wiil give an imperfect record of tie organisms 
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which existed in the neighbourhood during the period 
of its accumulation. Or, sediment may be deposited to 
any thickness and extent over a shallow botlom, if it 
continue slowly to subside. In this latter case, ss long 
as the rate of subsidence and the supply of sediment 
nearly balance each other, the sea will remain shallow 
and favourable for many and varied forms, and thus 
a rich fossiliferous format.ion, thick enough, when up- 
raised, to resist a large amount of denudation, may be 
formed. 

I am convinced that nearly all our ancient formations, 
which are throughout the greater part of their thickness 
rich ~38 fos&, have thus been formed during subsidence. 
Since publishing my views on this subjoot in 1845, I 
have watched the progress of Geolo,gy, and have been 
surprised to note how author after author, in treating 
of this or that great formation, has come to the con- 
clusion that it was accumulated during subsidence. I 
may add, that the only ancient tertiary formation on 
the west coast of South America, which has been bulky 
enough to resist such degradation as it has as yet 
suffered, but which will hardly last to a distant 
neological a.gg, was deposited during a downward 
oscillation of level, and thus gained considerable 
thickness. 

All geological facts tell us plainly that each area 
has undergone numerous slow oscillations of level, 
and apparently these oscillations have affected wide 
spaces. Consequently, formations rich in fossils and 
sufficiently thick and extensive to resist subsequent 
degradation, will have been formed over wide spaces 
during perivdu of subsidence, but only where the 
supply of sediment was sufficient to keep the sea 
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ehallow and to embed and preserve the remains before 
they had time to decay. On the other hand, as long as 
the bed of the sea remains stationary, thick deposits 
cannot have been accumulated in the shallow parts, 
which are the most favourable to life. Still less can 
this have happened during the alternate periods of 
elevation ; or, to speak more accurately, the beds which 
were then accumulated will generally have been 
destroyed by being upraised and brought within the 
limits of the coast-action. 

These remarks apply chiefly to littoral and sublittoral 
deposits. In the case of an extensive and shallow sea, 
such as that within a large part of the Malay Arcbi- 
pelago, where the depth varies from 30 or 40 to 60 
fathoms, a widely extended formation might be formed 
during a period of elevaLiun, arlJ. yeL Uut suffer txces- 
sively from denudation during its slow upheaval ; but 
the thickness of the formation could not be great, for 
owing to the elevatory movement it would be less than 
the depth in which it was formed; nor would the 
deposit be much consolidated, nor be capped by over- 
lying formations, so that it would run a good chance of 
being worn away by atmospheric degradation and by 
the action of the sea during subsequent oscillations 
of level. It has, however, been suggested by Mr. 
Hopkins, that if one part of the area, after rising and 
before being denuded, subsided, the deposit formed 
during the rising movement, though not thick, might 
afterwards become protected by fresh accumulations, 
and thus be preserved for a long period. 

Mr. Hopkins also expresses his belief that sedimentary 
beds of considerable horizontal extent have rarely been 
completely destroyed. But all genlogists, excepting 
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the few who believe that our present metamorphic 
schists and plutonic rocks once ‘formed the primordial 
nucleus of the globe, will admit that these latter rocks 
have been stript of their covering to an enormous 
eut.mt. For it, is srmcely pnaaihle t,hat, such rm+s 
could have been solidified and crystallized whilst 
uncovered; but if the metamorphic action occurred at 
profound depths of the ocean, the former protecting 
mantle of rock may not have been very thick. Ad- 
mitting then that gneiss, mica-schist, granite, diorite, 
&CC., were once necessarily covered up, how can we 
account for the naked and extensive a.rt~lts of such rocks 
in many parts of the world, except on the belief that 
they have subsequently been completely denuded of all 
overlying strata ? That such extensive areas do exist 
cannot be doubted: the granitic region of Parime is 
described by Humboldt as being at least nineteen times 
as large as Switzerland. South of the Amazon, Bon6 
colours an area composed of rocks of this nature as 
equal to that of Spain, France, Italy, part of Germany, 
and the British Islands, all conjoined. This region has 

not been carefully explored, but from the concurrent 
testimony of travcllcrs, the granitie arca is very large: 
thus, Von Eschwege gives a detailed section of these 
rocks, stretching from Rio de Janeiro for 260 geo- 
graphical miles inland in a straight line ; and I 
travelled for 150 miles in another direction, and saw 
nothing but granitic rocks. Numerous specimens, 
collected along the whole coast from near Rio Janeiro to 
the mouth of the Plata, a distance of 1100 geographical 
miles, were examined by me, and they all belonged to 
this cla.Ys. Inland, along the whole northern bank of 

the Plats I saw. besides modern tertiary beds, only one 
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small patch of slightly metamorphosed rock, which 
alone could have formed a part of the original capping 
of the granitic series. Turning to a well-known region, 
namely, to the United States and Canada, as shown in 
Professor H. D. Rogers’s beautiful map, I have estimated 
the areas by cutting out and weighing the paper, and 1 
find that the metamorphic (excluding “ the semi-meta- 
“ morphic “) and granitic rocks exceed, in the proportion 
of 19 to 12.5, the whole of the newer Paleozoic 
formations. In many regions the metamorphic and 
granitic rocks would be found much mora widely 
extended than they appear to be, if all the sedimentary 
beds were removed which rest unconformably on them, 
and which could not have formed part of the original 
mantle under which they were crystallized. Hence it 
is probable Lhat in some parts of the world whole 
formations have been completely denuded, with not a 
wreck left behind. 

One remark is here worth a passing notice. During 
periods of elevation the area of the Iand and of the 
adjoining shoal parts of t.he sea mill be increased, and 
new stations will often be formed :-all circumstances 
favourable, as previously explained, for the formation of 
new varieties and species ; but during such periods 
there will generally be a blank in the geological record. 
On the other hand, during subsidence, the inhabited 
area and number of inhabitants will decrease (exceptin%g 
cm the shores of a continent when first broken up inio 
an archipelago), and consequently during subsidence, 
though there will be much extinction, few new varieties 
or species will be formed ; and it is during these very 
periods of subsidence, that the deposits which are 
richest in fossils have been accumulated. 
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On the Absew of Numerous Intediate Varictk in 

From these several considerations, it cannot be 
doubted that the geolngiczd record, viewed as a mhole, 
is extremely imperfect; but if we confine our attention 
to auy one formation, it becomes much more difficult to 
understand why we do not therein find closely graduated 
varieties between the allied species which lived at its 
commencement and at its close. Several cases are on 
record of the same species presenting varieties in the 
upper and lower parts uf the same formation; thus, 
Trautschold gives a number of instances with Am- 
monites; and Hilgendorf has described n most curious 
case of ten graduated forms of Planorbis multiformis in 
the successive beds of a fresh-water formntion in 
Switzerland Although each formation has indispu- 
tably required a vast number of years for its deposition, 
several reasons can be given why each should not 
commonly include a graduated series of links between 
the species which lived at its commencement and close ; 
but I cannot assign due proport,ional weight to the 
following considerations. 

Although each formation may mark a very long lapse 
of years, each probably is short compared with the 
period requisite to change one species into another. I 
am aware that two paleontologists, whose opinions are 
worthy of much deference, namely Bronn and Wood- 
ward, have concluded that the average duration of each 
formation is twice or thrice as long as the average 
duration of specific forms. But insuperable difficulties, 
as it seems to me, prevent u9 from coming lie any just 
conclusion on this head. When we see a species firat 
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appearing in the middIe of any formation, it would be 
rash in the extreme to infer that it had not elsewhere 
previously existed. So again when we find a species 
disappearing before the last layers have been deposited, 
ft would be equally rash to suppose that it then became 
extinct. We forget how sm,all the area of Europe is 
compared with the rest of the world ; nor have the 
several stages of the same formation throughout Europe 
been correlated with perfect accuracy. 

We may safely infer that with marine animals of all 
kinds there has been a large amount of migration due 
to climatal and other changes; and when we see a 
species first appearing in any formation, the probability 
is that it only then first immigrated into that ares. It 
is well-known, for instance, that several species appear 
eomewhat enrlier in the pakcoaoio beds of North 
America than in those of Europe ; time having appa- 
rently been required for thei? migration from the 
American to the European seas. In examining the 
latest deposits in various quarters of the world, it has 
everywhere been noted, that some few still exist.ing 
species are common in the deposit, but have become 
extinct in the immediately surrounding sea ; or, con- 
versely, that some are now abundant in the neighbouring 
sea, but are rare or absent in this particular deposit. 
It is an excellent lesson to reflect on the ascertained 
amount of migration of the inhabitants of Europe 
during the glacial epoch, which forms only a part, of 
one whole geological period; and likewise to reflect on 
the changea of level, on the extreme change of climate, 
and on the great lapse of time, all included within this 
s&me glacial period. Yet it may be doubted whether, 
in ‘any quarter of the world, sedimentary deposits, 
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in&&q fossil remains, have gone on accumulating 
within the same area during the whole of this period. 
It is not, for instance, probable that sediment was 
deposited during the whole of the glacial period near 
the mouth of the Mississippi, within that limit of depth 
at which marine animals can best flourish : for ue 
know that great geographical changes oocurred in 
other parts of America during this space of time. 
When such beds as were deposited in shallow water 
near the mouth of the Mississippi during some part of 
the glacial period shall have been upraised, organic 
remains will probably first appear and disappear at 

di&ereut levels, owing to the migrations of species and 
to geopaphical chan,rres. And in the distant future, a 
geologist, examining these beds, would be tempted to 
conclude that the average duration of life of the 
embedded fossils had been less than that of the glacial 
period, instead of havin, - been really far greater, that is, 
extending from before the glacial epoch to the present day. 

In order to get a perfect gradation between two forms 
in the upper and lower parts of the same formation, the 

deposit must have gone on continuously accumulating 
during a long perind, sufficient for the slow pmcess of 

modification ; hence t’he deposit must be a very thick 
one ; and the species undergoing change must have 
lived in the same district tbroughout the whole time. 
Rut we have seen that a thick formation, fossiliferous 
throughout its entire thickness, can accumulate only 
during a period of subsidence ; and to keep the dept.h 
approximately the same, which is necessary that the 
edme marine species may live on the same space, the 
supply of sediment must nearly counterbalance the 

amount of subsidence. But this same movement of 
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subsidence will tend to submerge the area whence the 
sediment is derived, and thus diminish the supply, 
whilst the downward movement continues. In fact, 
this nearly exact balancing between the supply of 
sediment and the amount of subsidence is probably a 
rare contingency ; for it has been observed by more than 
one paleontologist, that very thick deposits are usually 
barren of organic remains, except near their upper or 
lower limits. 

It would seem that each separate formation, like the 
whole pile of formations in any country, has generally 
been intermittent in its accumulation. When we see, 
as is so often the case, a formation composed of beds 
of widely different mineralogical composrtron, we may 
reasonably suspect that the process of deposition has 
Leen more or less interrupted. Nor will the closest 
inspection of a formation give us any idea of the length 
of time which its deposition may have consumed. 
Many instances could be given of beds only a few feet 
in thickness, representing formations, which are else- 
where thousands of feet in thickness, and which must 
have required an enormous period for their accumu- 
lation; yet no one ignorant of this fact would have 
even suspected the v‘ast lapse of time represented by 
the tlhmer formation. Many cas& could be giveu of 
the lower beds of a formation having been upraised, 
denuded, submerged, and then re-covered by the upper 
beds of the same formation,-facts, showing what wide, 
yet easily overlooked, intervals have occurred in iti 
accumulation. In other cases we have the p&rest 
evidence in great fossilised trees, still standing upright 
88 they grew, of many long intervals of time and 
&a,nges of level during the process of deposition, w&h 
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would not have been suspected, had not the trees been 
preserved: thus Sir C. Lyell and Dr. Dawson found 
carboniferous beds 1400 feet thick in Nova Scotia, with 
ancient root-bearing strata, one above the other at no 
loss than sixty-eight different levels. Hence, when the 
same species o~urs at the bottom, middle, and top of a 
formation, the probability is that it has not lived on the 
same spot during the whole period of deposition, but 
has disappeared and reappeared, perhaps many times, 
during the same geological period. Consequently if it 
were to undergo a considerable amount of modification 
during the deposition of any one geological formation, 
a section would not include all the fine intermediate 
gradations which must on our theory have cxistcd, but 

abrupt, though perhaps slight, changes of form. 
It is all-important to remember that naturalists have 

no golden rule by which to distinguish species and 
varieties ; they grant some little variability to each 
species, but when they meet wit,h a somewhat greater 
amount of difference between any two forms, they rank 
both as species, unless they are enabled to connect 
them together by the closest intermediate gradations ; 
and this, from the reasons just assigned, we can seldom 
hope to effect in any one geological section. Supposing 
R and C to he two qmieq and a third, A, to be found 
in an older and underlying bed ; even if A were strictly 
intermediate between B and C, it would simply be 
ranked as a third and distinct species, unless at the 
same time it could be closely connected by interme- 
diate varieties with either one or both forms. Nor 
~should it be forgotten, as before explained, that A 
might be the actual progeuitor of B and C, and yet 

would not necessarily be strictly intermediate between 
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them in all respects. So that we might, obtain t,he 
parent-species and its several modified descendantg 
from the lower and upper beds of the same formation, 
and unless we obtained numerous transitional grada- 
tions, we should not recognise their blood-relationship, 
and should consequently rank them aa distinct species. 

It is notorious on what excessively slight differences 
many palazontologists have founded their species ; and 
they do this the more readily if the specimens come 
from different sub-stages of the same formation. Some 
experienced conchologists are now sinking many of the 
very fief species of D’Orbigny and others into the rank 
of varieties ; and on this view we do find the kind of 
evidence of change which on the theory we ought to 
find, Look again at the later tertiary deposits, which 
iul;lude many shells believed by the majoLLy of niatu- 
ralists to be identical with existing species ; but some 
excellent naturalists, as Agassiz and Pictet, maintain 
that all these tertiary species are specifically distinct, 
thou& the distinction is admitted to be very slight; 
so that here, unless we believe that these eminent 
naturalists have been misled by their imaginations, 
and that these late tertiary species really present nc 
difference whatever from their living representatives, or 
unless we Lultit, iu uypusiLiorl Lo the judgment of 
most naturalists, that these tertiary species are all 
truly d&in& from the recent, we have evidence of the 
&quent occurrence of slight modifications of the kind 
required. If we look to rather wider intervals of time, 
namely, to distinct but consecutive stages of the same 
great formation, we find that the embedded fossils, 
though universally ranked as spe&cally different, yet 
are far more closely related to each other than are the 
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species found in more widely separated formations ; so 
that here again we have undoubted evidence of change 
in the direction required by the theory; but to this 
latter subject I shall return in the following chapter 

With animals and plants that propagate rapidly and 
do not wander much, there is reason to suspect, as we 
have formerly seen, that their varieties are generally at 
first local; and that such local varieties do not spread 
widely and supplant their parent-forms umil t,hey 
have been modified and perfected in some considerable 
degree. According to this view, the chance of dis- 
covering in a formation in any one country all the 
early stages of transition between any two forms, is 
small, fur the successive changes are supposed to have 
been local or confined to some one spot, Most marine 
animals have a wide range ; and we have seen that 
with plants it is those whiob have the widest range, 
that oftenest present w&ties ; so that, with shells and 
other marine animals, it is probable that those which 
had the widest range, far exceeding the limits of the 
known geological formations in Europe, have of&nest 
given rise, tirst to local varieties and ultimately to new 
species; and this again would greatly lessen the chance 
of our being able to trace the stages of transition in 
any one goolog+l formation. 

It is a more important consideration, leading to the 
same result, as lately insisted on by Dr. Falconer, 
namely, that the period during which each species 
underwent modification, though long as measured by 
years, was probably short in comparison wit,h that 
during which it remained wit,llout under,noing any change, 

It should not be forgotten, that at the present day, 
with perfect specimens for examination, two forms 
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can seldom be connected by intermediate varieties, 
and thus proved to be the same species, until many 
specimen9 are collected from many places ; and with 
fossil species this can rarely be done. We shall, 
perhaps, best perceive the improbability of our being 
enabled to connect species by numerous, fine, inter- 
mediate, fossil links, by asking ourselves whether, for 
instance, geologists at some future period will be able 
to prove that our different breeds of cattle, sheep, 
horses, and dogs are descended from a single stock or 
from several aboriginal stocks; or, again, whether 
certain sea-shells inhabiting the shores of North 
America, which are ranked by some concholo$sts as 
distinct species from their European representatives, 
and by other .conchologists as only varieties, are really 
varieties, or are, as it i9 called, specifically distinct. 
This could be effected by the future geologist only by 
his discovering in a fossil state numerous intermediate 
gradations ; and such succcss is improbable in the 
high& dqwe. 

It has been asserted over and over again, by writer9 
who believe in the immutability of species, that geology 
yields no linkiq forms. This assertion, as we &all 
see in the nest chapter, is certainly erroneous. As Sir 
J. J.ubbock has remarked, “Every species is a liuk 
“1,etwcen other allied forms.” If we take a genus 
having a score of species, recent and extinct, and 
destroy four-fifths of them, no one doubts that the 
remainder will stand much more distinct from each 
other. If the extreme forms in the genus happen b 
have been thus destroyed, the genus itself will stand 
more distinct Porn other allied genera. What gee- 
logical research has not revealed, is the former exi9tonce 
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of infinitely numerous gradations, as fine as existing 
varieties, connecting together nearly all existing and 
extinct species. But this ought not to be expected ; yes, 

this has been repeatedly advanced as a moat serious 
objection against my views. 

It may be worth while to sum up the foregoing 
remarks on the causes of the imperfection of tl e 
Lvo1ogica.l record under an imaginary illustration. The 
Malay Archipelago is about the size of Europe from the 
North Cape to the Mediterranean, and from Britain to 
Bussia ; and therefore equals all the geological forma- 
tions whic;h have been elramined with any accuracy, 
excepting those of the United States of America. I 
fully agee with Mr. Godwin-Au&en, that the prcscnt 
condition of the Malay Archipelago, with its numerous 
large islands separated by wide and shallow seas, pro- 
bably represents the former state of Europe, whilst 
most of our formations were accumulating. The Malay 
Archipelago is one of the richest regions in organic 
beings; yet if all the species were to be collected which 
have ever lived there, how imperfectly would they 
represent the natural history of the world I 

But we have every ~CXLSO~ to believe that the 
terrestrial productions of the archipelago would be 
preserved in an extremely imperfect manner in the 

formations which we suppose to be there accumulating. 
Xot many of the strictly littoral animals, or of those 
which lived on naked submarine rocks, would be em- 
bedded; and those embedded in gravel or sand would 
not endure to a distant epoch. Wherever sediment did 
not accumulate on the bed of the sea, or where it did 
not aaoumulate at a sufficient rate to protect org&u 

wea from decay, no remains could be preserved. 
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Formations rich in fossils of many kinds, and of 
thickness sufficient to Iast to an age as distant in 
futurity as the secondary formations lie in the past, 
would generally be formed in the archipelago only 
during periods of subsidence. These periods of subsi- 
dence would be separated from each other by immense 
intervals of time, during which the area would be 
either stationary or rising ; whilst rising, the foasili- 
ferous formations on the steeper shores would be de- 
stroyed, almost as soon as accumulated, by the incessant 
coast-action, as we now see on the shores of South 
America. Even throughout the extensive and shailow 
seas within the archipelago, sedimentary beds could 
hardly be accumulated of great thickness during the 
periods of elevation, or become capped and protected 
by subsequent deposits, uo tt9 to have a good chauce of 
enduring to a very distant future. During the periods 
of subsidence, there would probably be much extinction 
of life ; during the periods of elevation, there would be 
much variation, but the geological record wollld then be 
less perfect. 

It may be doubted whether the duration of any one 
great period of subsidence over the whole or part of the 
archipelago, together with a contemporaneous accumula- 
tion of sediment, would exce,ed the average duration of 
the same specific forms; and these contingencies are 
indispensable for the preservation of all the transitional 
gradations between any two or more species. If such 
gradations were not all fully preserved, transitional 
varieties would merely appear as so many new, though 
closely allied species. It is also probable that each 
great period of subsidence, would be interrupted by 
oscillations of level, and that slight climatal changes 

31 
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would intervene during such lengthy periods ; and in 
these cases the inhabitants of the archipelago would 
migrate, an11 no closely constxuLive recurd of their 
modifications coAd bc preserved in any one formation. 

Very many of the marine inhabitants of the archi- 
pelago now range thousands of miles beyond its con- 
fines ; and analo,y plainly leads to the belief that it 
would he chiefly t,hese far-ranging species, though only 
some of them, which would oftenest produce new 
varieties ; and the varieties would at first be local or 
confined to one place, but if possessed of any decided 
advantage, or when further modified and improved, they 
would slowly spread and supplant their parent-forms. 
When such varictics rcturncd to their ancient homes, 
as they would difl’er from their former state in a nearly 
uniform, though perhaps extremely slight degree, and 
as they would be found embedded in slightly different 
sub-stages of the same formation, 6hey wouhl, according 
to the principles followed by many pahcontologists, be 
ranked as new and distinct species. 

If then there be some degree of truth in these re- 
ma.rks, we have no right to expect to find, in our 
geological formations, an infinite number of those fine 
transitional forms which, on our theory, have connected 
all the pant, n.nd present species of the sn.me grnup into 
one long and branching chain of life. We ought only 
to look for a few links, and such assuredly we do find 
-some more digtantly, some more closely, related to 
each other; and these links, let them be ever so close, 
if found in difl’erent stages of the same formation, 
would, by many paltlteontologists, be ranked as distinct 
species. But I do not pretend that I slloulcl ever have 
suspected how poor was the record in the best preserytil 
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geological sections, had not t,he absence of innumerable 
transitional links between the species which lived at 
the commencement and close of each formation, pressed 
so hardly on my theory. 

On the dden Appearance of whok GToups of 
ail&d Species. 

The abrupt manner in which whole groups of species 
suddenly appear in certain formations, has been qmd 
by scvoral palmontologists-for instance, by Agassir, 
Pictet, and Sedgwick--as a fatal objection to the belief 
in the transmutation of species. Tf nnmerons species, 
belonging to the same genera or families, have really 
started into life at once, t,he fact would be fatal to the 
theory of evolution through natural selection. For the 
development by this means of a group of forms, all of 
which are descended from some one progenitor, must 
have been an extremely slow process; and t,he progeni- 
tors must hnve lived long before their wudified descen- 
dants. Bat we continually ovcrrat,e tile perfection of 
the. genlngical rwnrd, md falsely infer, because certain 

genera or families have not been found beneath a 
certain stage, that they did not exist before that stage. 
In all cases positive pakontological evidence may be 
implicitly trusted ; negative evidence is worthless, a.g 
experience has so often shown. We continually forget 
how large the world is, compared with the area over 
which our geological formations have been carefully 
examined ; we forget that groups of species may else- 
m>ere have long existed, and have slowly multiplied, 
before they invaded the ancient archipelagoes of Europe 
and the Uuited States. We do not make due allowance 
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for the intervals of time which have elapsed between our 
consecutive formations,-longer perhaps in many cases 
than the time required for the accumulation of each 
formation. These iutervals will have given time for 
the multiplication of speoics from some one parent- 

form : and in t,he succeeding formation, such groups or 
species will appear as if suddenly created. 

I may here recall a remark formerly made, namely, 
that it might require a long succession of ages to adapt 
an organism to some new and peculiar line of life, for 
instance, to fly through the air ; and consequently that 
the transitional forms would often long remain con- 
fined to some one region ; but that, when this adaptation 
had onoc boon c%otcd, rind a few species had thus 
acquired a great advantage over other organisms, a 
comparatively short time would 1~ ~~ensary to produce 
many divergent forms, which would spread rapidly and 
widely, throughout the world. Professor Pi&et, in his 
excellent Review of this work, in commenting on early 
transitional forms, and taking birds as an illustration, 
cannot see how the successive modifications of the 
anterior limbs of a supposed prototype could possibly 
have been of any advantage. But look at the penguins 
of the Southern Ocean ; have not these birds their front 
limbs in t,his prer.isc? intermedistte &ate. nf ‘<neither true 

C4 arms nor true wings ” ? Yet these birds hold their 
place victoriously in the battle for life ; for they exist 
in infinite numbers and of many kinds. I do not 
suppose that we here see the real transitional grades 
through which the wings of birds have passed; but 
what special difficulty is there in believing that it 
n~ight profit the modified dsscar~Ltv of the penguin, 
first to become enabled to flap along the surface of the 
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sea like the logger-headed duck, and ultimately to rise 
from its surface and glide through the air 1 

I will now (give a few examples to illustrate the 
foregoing remarks, and to show how liable we are to 
error in SUppOSiIq that whole groups of species have 
suddenly been produced. &en in 80 short an interval 
as that between the first and second edition8 of Pi&et’s 
great work on Paheontolo,gy, published in 184446 and 
in 1853-57, the conclusions on the Crst appearance and 
disappearance of several groups of animals have been 
considerably mndified ; and a third edition would 
require still further changes. I may recall the well- 
known fact that in geological treatises, published not 
many year8 ago, mammals were always spoken of as 
having abruptly come in at the commencement of the 
tertiary series. And now one of the richest known ac- 
cumulations of fossi mammals belongs to the middle of 
the secondary series ; and true mammals have been 
discovered in the new red sandstone at nearly the com- 
mencement of this great series. Cnvier used to urge that 
no monkey occurred in any tertiary stratum; but now 
extinct species have been discovered in India, South 
America and in Europe, as far back as the miocene stage. 
Had it not been for the rare accident of the preservation 
of footsteps in t,he new red sandstone of the United States, 
who would have ventured to suppose that no less than 
at least thirty different bird-like animals, some of 
gigantic size, existed during that period ? Not a frag- 
ment of bone has been discovered in these beds. Not 
long ago, palaeontologists maintained that the whole 
class of birds came suddenly into existence during the 
eocene period ; but now we know, on the authority of 
Professor Owen. that a bird certainly lived during the 
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deposition of the upper greensand ; and still more 
recently, that strange bird, the Archeopteryx, with a 
long lizud-like tail, Learing a pair of fekatlxru ou each 
joint, and with its wings furnished with two free claws, 
has been discovered in the oolitic slates of Solenhofen. 

Hardly any recent discovery shows more forcibly than 
this, how little we as yet know of the former inhabitants 
of the world. 

I may give another instance, which, from having 
passed under my own eyes, has much struck me. In a 
memoir on Fossil Sessile Cirripedes, I stated that, from 
the large number of existing and extinct tertiitry 
species ; from the extraordinary abundance of the in- 
dividuals of .many species all over the world, from the 

Arctic regions to the equator, inhabiting various zones of 
depths from t,he upper tidal limits to 50 fathoms ; from 
the perfect manner in which specimens are preserved 
in the oldest tertiary beds ; from the ease with which 
oven a fragment of a valve can be recognised ; from all 
these circumstances, I inferred that, had sessile cirripedes 
existed during the secondary periods, they would 
ccrtiinly have been preserved and discovered ; and as 
llot one species had then been discovcrcd in bctls of 
this age, I concluded that this great group had been 
suddenly 11evelope’“d at the commencement of the ter- 
tiary series. This waa a sore trouble to me, adding as 
I then thought one more instance of the abrupt ap- 
pearanceof a great group of species. But my work had 
hardly been publislted, when a skilful pala:ontologist, 
&I, Bosquct, sent me a drawing of a perfect specimen 
of an unmistakeable sessilc cirripede, which he had 
llinlself extracted frurn IlIt: ollnlk of Belgium. And, iW 

if b make the case as striking as possible, this eirriperle 
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was a Chthamalus, a very common, large, and ubi- 
quitous genus, of nlhich not one species has as yet 
be.en found even in any tertiary stratum. Still more 
recently, a l’yrgomn, a member of a distinct sub-family 
of scssile cirripedes, has been discovered by Mr. Wood- 
ward in bhe upper chalk ; so that we now have abun- 
dant evidence of the existence of this group of animals 
during the secondary period. 

The case most frequently insisted on by paheonto- 
hgists of the apparently sudden appearance of a whole 
group of species, is that of the teleostean fishes, low 
down, according to Agassiz, in the Chalk period. This 
group includes the large majority of existing species. 
But certain Jurassic and Triassic forms are now com- 
monly admitted to be teleostean ; and even some 
paheozoic forms have thus been classed by one high 
authority. If the teleosteans had really appeared 
suddenly in the uorthern hemisphere at the commence- 
ment of the chnlk formation the fact would have been 
hi$lly remddh ; In~t; it, would not have formed an 
insuperable cli liicid ty, unless it could likewise have 

been shown that at tile same period the species were 
suddenly and simultaneously developed in other 
quarters of the world. It is almost superfluous to 
remark that hardly any fossil-fish are known from south 
of the equator ; n.nd by runrrjng through Pi&et’s Palmon- 
t4ogy it wilI be seen that very few species are known 
from several formations in Europe. Some few families 
of fish now have a confined range ; the teleostean fishes 
might formerly have had a similarly confined range, 
and after having been largely developed in some one 
sea, have spread widely. Nor have we any right t.o 
suppose tIltit the seas of the world have always been 
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so freely open from south to north as they are at 
present. Even at this day, if the Malay Archipelago 
were converted into land, the t,ropical parts of the 
Indian Ocean would form a large and perfectly enclosed 
basin, in which any great gmnp nf marhA animals 

might be multiplied; and here they wouId remain 
confined, until some of the species became adapted to 
a cooler climate, and were enahIed to double the 
Southern capes of Africa or Australia, and thus reach 
other and distant seas. 

Prom these considerations, from our ignorance of the 
geology of vtber countriee beyond tbt? confines of 
Europe and the United States, and from the revolution 
in our palceontological knowledge effected hy the dia- 
coveries of the last dozen years, it seems to me to be 
about as rash to dogmatize on the succession of organic 
forms throughout the world, as it would be for a natura- 
list t,o land for five minutes on a barren point in 
Australia, and then to discuss the number and range cf 
its productions. 

On the sudden Appearance of ihups of allied &e&a 
ia the lm-~t known Fossdifercrus Strata. 

There is another and allied difficulty, which ia mnch 

more serious. I allude to the manner in which species 
belonging to several of the main divisions of the animal 
kingdom suddenly appear in the lowest known fossili- 
ferous rocks. Most of the arguments which have 
ccnvinced me that all the existing species of the same 
group are descended from a single progenitor, apply 
with eqml force to the earliest known species. Z-01 

instance, it cannot be doubted that all the Cambrian 
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and Silurian trilobites are descended from some one 
crustacean, which must have lived long before the 
Cambrian age, and which probably differed greatly from 
any known animal. Some of the most ancient animals, 
as the Nautilus, Lin,ga, &c., do not diRer much from 
living species ; and it cannot on our theory be supposed, 
that these old species were the progenitors of all the 
species belonging to the same groups which have 
subsequently appeared, for they are not in any degree 
intermediate in character. 

Consequently, if the theory be true, it is indisputable 
that before the lowest Cambrian stratum was deposit.ed 
long periods elapsed, as long as, or probably far longer 
than, the whole interval from the Cambrian age to tile 
present day ; and that during these vast periods t,he 
world swarmed with living urealures. Here we en- 
counter a formidabIe objection ; for it seems doubt.ful 
whether the earth, in a fit state for the habitat.ion of 
living creatures, has lasted long enough. Sir W. 
Thompson concludes that the consolidation of the crust 
can hardly have occurred less than 20 or more than 
400 million years ago, but probably not less than 98 or 
more than 200 million years. ‘These very wide limits 

show how doubtful the data are; and other elements 
may have hereafter to be introduced into the problem. 
Mr. Croll estimates that about 60 million years have 
elapsed since the Cambrian period, but this, judging 
from the small amount of organic change since the 
commencement of the Glacial epoch, appears a very 
short time for the many and great mutations of life, which 
have certainly occurred since the Cambrian formation ; 
and the previous 140 million years can hardly be eon- 
sidered as sufficient for the development of the varied 
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forms of lift which already existed cludltg the Cam- 
brian period, It is, however, probable, as Sir William 
Thompson insists, t,hn.t, the world at a very early period 
was subjected to IINJre rapid and violent changes in 
its physical conditions than those now occurring ; and 
such changes would have tended to induce changes 
at a ccrresponding race in the organisms which then 
existed. 

To the question why we do not find rich fossiliferous 
deposits belonging to these assumed earliest periods 
prior to the Cambrian system, I can give no satisfactory 
answer Several eminent geologists, with Sir R. 
Murchison at their head, were until recently convinced 
that we beheld in the organic remains of the lowest, 
Silurian stratum t,he first dawn of life. Other highly 
competent judges, as Lye11 and E. Forbes, have disputed 
this conclusion. We shouId not forget that only a small 
portion of the world is known with accuracy. Not 
very long ago M. Narrande added another and lower 
stage, abounding with IIWV and peculiar species, beneath 
the then known Silnrialr 8ystcm ; and now, still lower 
down in the Lower Cambrian formation, Mr. Hicks has 
found in South W&s l~cds rich in bilnhites, md con- 

taining various molluscs and annelids. The presence of 
phosphatic nodules and bituminous mntber, even in 
some of the lowest azoic rocks, prol~ably indicates life 
at these periods ; and the existence of the Eozoon in t,he 
Laurentian formation of Canada is generally admitted, 
!I here are three great series of strata beneath the Silurian 
system in Canada, in the lowest of which the Eozoon is 
Bound. Sir TV. Logan states tl ~:tt their “ united thickness 
“ may possibly far sni-pass that of all tllo succeefling 
“rocks, from the base of the pakrozoic, series to &I 
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“ present time. We are thus carried back to a period 
“so remote, that the appearance of the so-called 
“Primordial fauna (of l3arrnndc) may by some II8 
“considered as a comparatively modern event.” The 
EOZOO~ behugs to the mosL lowly oqanised of all 
classes of animals, but is highly org:tnised for its class ; 
it existed in co~mtless numbers, and, as Dr. Dswson has 
remarked, certltinly preyed on other minute organic 
beings, which must have lived in great numbers. Thus 
the words, which I wrote in 1859, about the existence 
of living beings long More the Cambrian period, arid 
which are almost the same with those since used by Su 
W. Logan, have proved true. Nevertheless, the difficulty 
of assigniug any good reason for the absence of vast 
piles of ‘strata rich in fossils beneath the Cambrian 
system is very great. It doos not scorn prohablo that 
the most ancient beds have been quite worn away by 
denudation, or that their fossils have been wItoIly 
obliterated by metamorphic action, for if this had been 
the case we should 11nve found ouly small rcmnnnts of 
the formations next succeeding them in asc, and these 
would always have csistcd in n partially nmkmorphoscd 
condition. But the dcacriptions which we posscvs of 
the Silurian deposits o\‘cr immense tanitories in l:ussia 
and in Nvr~Jr Americn, do not support the ciew, that, 
the older a formation is, the more invariably it h&as 
suffered extreme denu(l;ltion :ud metamorp1li.w~. 

The case at present must remain iuesplicabIc ; and 
may be truly urged as a v;113d argument ngniust tile 
views here entertained. To SllOW that it may licrcnfter 
receive some explan:ition, I will give t,lie follonillg 
hypothesis. From the UiltlUC of tke organic roluoi\ts 
which do not appear to 11:1vc inh;ibited profound dcplhq 
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in the several formations of Europe and of the United 
St.&es; and from the amount of sediment, miles in 
thickness, of which the formations are composed, we 
may infer that from first to last large islands or tracts 
of iand, whence the sediment, wa.s derived, occurred in 

the neighbourhood of the now existing continents of 
Europe and North America. This same view has since 
been maintained by Agassiz and others. But we do not 
know what w-as the state of things in the intervals 
between the several successive formations ; whether 
Europe and the United States during these intervals 
existed as dry land, or as a submarine surface near land, 
on which sediment was not deposited, or as the bed of 
an open and unfathomable sea. 

Looking to the existing oceans, which are thrice a3 
extensive as the land, we see them studded with many 
islands ; but hardly one truly oceanic island (with the 
exception of New Zealand, if this can be called a truly 
oceanic island) is as yet known to afford even a remnant 
of any palz2ozoic or secondary formation. Hence we 
may perhaps infer, that during the palceozoic and 
secondary periods, neither continents nor continental 
islands existed where our oceans now extend ; for had 
they existed, palxozoic and secondary formations would 
in all probability have been acc.nmnlateii from seiiiment 

derived from their wear and tear ; and these would have 
be.en at least partially upheaved by the oscillations of 
level, which must have intervened during these enor- 
mously long periods. If then we may infer anything 
from these facts, we may infer that, where our oceans 
now extend, oceans have extended from the remotest 
period of which we hits e any record ; and on the other 
had, that where cont,inents now exist, large tracts of 
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land have existed, subjected no doubt to great oscilla- 
tions of level, since the Cambrian period. The coloured 
map appended to my volume on Coral Reefs, led me to 
conclude that the great oceans are still mainly areas of 
subsidence, the great archipelagoes still areas of oscilla- 
tions of level, and the continents areas of elevation. 
But we have no reason to assume that things have thus 
remained from the beginning of the world. Our cont.in- 
ents seem to have been formed by a preponderance, during 
many oscillations of level, of the force of elevation ; but 
may not the areas of preponderant movement have 
changed in the lapse of ages ? At a period long antecedent 
to the Cambrian epoch, continents mayhave existed where 
oceans are now spread out ; and clear and open oceans 
may have existed where our continents now stand. Nor 
should we be justifid in usuming th& if, for instance, 
the bed of the Pacific Ocean were now converted into a 
continent we should there find sedimentary formations ia 
a recognisable condition older than the Cambrian strata, 
supposing such to have been formerly deposited ; for it 
might well happen that strata which had subsided some 
miles nearer to the centre of the earth, and which had 
been pressed on by an enormous weight of superincum- 
bent water, might have undergone far more metamorphic 
action than strata which have always remained nearer 
to the surface. The immense areas in some parts of the 
world, for instance in South America, of naked meta- 
morphic rocks, which must have been heated under 
great pressure, have always seemed to me to require 
some special explanation ; and we may perhaps believe 
that we see in these large areas, the many formations 
Long anterior to the Cambrian epoch in a completely 
metamorphosed and denuded condition. 
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The several diticuftics here discussed, namely-that, 
though we find in our geological formations many links 
between the species which now e.xist and which formerly 

e-x&d, we do not find infinitely numerous fine transi- 

tional forms closely joining them all together ;-thu 
sudden manner in which several groups of species first 
appear in our European formations ;-the almost entire 
absence, as at present known, of formations rich in fossils 
beneath the Cambrian strata ,-are all undoubtedly of Olle 
most serious nature. We see this in the fact that the 
most eminent palseontologists, namely, Cuvier, Agassiz 
Barrande, Mctet, Falcone.r, E. Forbes, &c., and all our 
greatest geologists, a.~ Lyell, Murchison, Sedgwick, &c., 
have unanimously, often vehemently, maintained tlbo 
immutability of specias. But, Sir Charles Lye11 now 
gives t.lte support of his high authority to the opposite 
side ; and most geologists and pal,Tontologists are much 
shaken in their former belief. Those who believe that 
t,he geological record is in any degree perfect, will un- 
doubtedly at once reject, the theory. For my part, 
following out Lyell’s metaphor, I look at the geological 
record as a history of the world imperfectly kept, and 
IvriLLen in a changing dialect ; of this history we possess 
the last volume alone, relating ’ only to two or three 
countries. Of this volume, only here and there a short 
chapter has been preserved ; and of each page: only here 
and there a few lines. Each word of the slowly-changing 
language, more or less different in the successive chapters, 
may represent the forms of lif& which are entombed in 
our consecutive formations, and which falsely appe tr 
to have been abruptly introduced. On t,his view, tl!a 
difficulties above discussed aru greaLly ilimiuished, cu 
even disappear. 



CL! FTER -XT. 

ON THE GEOLOGICAL SUCCESSION OF OEGAYTC RIXWEI 

0u the slow and snccessive appearance of new species-On thrir 
different rates of change-Species once lost do not rca;y~ar-- 
Qronp of species follow tbe same general rules in their ap- 
pcarance and disappearance as do single Ppeciee-On extioclim 
-0u simultaneous changes in the forms of life tbruu$lout the 
world-On the affinities of extinct sllecies to eitch other and to 
living species-on the state of develol>ment of ancient forms- 
On. the succession of the same types wit bin the same areas- 
Sumwy of preceding and present chapter. 

LET US now see whether tho several facts and laws 
relating to the geological succession of organic beings 
accord best with the common view of the’immutability 
of Bpeciea, OS with that of their slow and gradual modi- 
fication, through variation and natural selection, 

New spccie.s have appeared very slowly, one after 
another, both on the land and in the waters. Lye11 has 
shown that it is hardly possible to resist the evidence on 
this head in the case of the several tertiary stages; and 
every year tends to fill up the blanks between the stages, 
and to make the proportion between the lost and existing 
forms more gradual. In some of the most recent beds, 
though undoubtedly of high antiquity if measured by 
years, only one or two species are extinct, and only one 
or two are new, hnvkg appeared there for the first time, 
either locally, or, a~ far as we know, on the face of 
the earth. The secondary formations are more broken i 
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but, as Bronn has remarked, neither the appearance 
nor disappearance of the many species embedded in 
each formation has been simultaneous. 

Species belonging to different genera and classes have 
not ehangerl at the same rate, or in the same degreA 
In the older tertiary beds a few living shells may still 
be found in the midst of a multitude of extinct forms. 
FaIconer has given a striking instance of a similar fact, 
for an existing crocdile is associated with many lost 
mammals and reptiles in the sub-Himalayan deposits. 
The Silurian Lingula differs but little from the living 
species of t&4 genus ; whereas most of the other Silurian 
Molluscs and all the Crustaceans have changed greatly. 
The productions of the land seem to have changed at a 
quicker rate than those of the sea, of which a striking 
instance haa been observed in Switzerland. There is 
some reason to believe that organisms high in the scale, 
change more quickly than those that are low : though 
there are exceptions to this rule. The amount of organic 
change, as Pictet haa remarked, is not the same in eacll 
successive so-called formation. Yet if we compare any 
but the most closely related formations, all the species 
will be found to have undcrgonc some change. When 
a spt&s haa once disappeared from the face of the earth, 
we have no reason to believe that the same identical 
form ever rd,rtppears. The strongest apparent exception 
b this latter rule is that of the so-called “ colonies ” of 
M. Barrande, which intrude for a period in the midst‘of 
an older formation, and then allow the pre-existing 
fauna to reappear ; but Lyell’s explanation, namely, that 
it is a case of temporary migration from a distinct geo- 
grapl&al yroviuce, seems satisfactory. 

These several facts accord well with our theory, which 
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includes no fixed law of development, causing all the 
inhabitants of an wea to change abruptly, or simul- 
taneously, or to an equal degree. The process of modifi- 
cation must be slow, and will generally affect only a 
few species at the same time ; for the variability of each 
species is independent of that of all others. Whether 
such variations or individual differences as may arise will 
be accumulated through natural selection in a greater 
or less degree, thus causing a greater or less amount of 
permanent modification, will depend on many complex 
contingencies--on the variations being of a beneficial 
nature, on the freedom of intercrossing, on the slowly 
chauging physical conditions of the country, on the 
immigration of new colonists, and on the nature of the 
other inhabitants with which the varying species coma 
into competition. Hence it is by no means surprising 
that one species should retain the same identical form 
much longer than others ; or, if changing, should change 
in a less clegrea. We find similar relations between the 
existing inhabitrrnts of distinct countrk; for instance, 
the land-shells and colcopterous insects of Madeira have 
come to dialer considerably from their nearest allies on 
the continent of Europe, whereas the marine shells and 
birds have remained unaltered. We can perhaps under- 
stand the apparently quicker rate of change in terrestrial 
and in more highly organiscd productions compared 
with marine and lower productions, by the more complex 
relations of the higher beings to their organic and in- 
organic conditions of life, as explained in a former 
chanter. When many of the inliabitants of any area 
have become modified and improved, we can understand, 
on the principle of competition, and from the all-import- 
ant relations of organism to organism in the struggle for 

33 
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life, that any form which did not become in some degree 
modified and improved, would be liable to extermination. 
Hence we see why all the species in the same region do 
at last, if we look to long enough intervals of time, be- 
COIIIO modified, for otherwise they would becmno oxtinoi. 

In members of the same class the average amount of 
change, during long and equal periods of time, may, 
perhaps, be nearly the same ; but as the accumulation 
of enduring formations, rich in fossils, depends on great 
masses of sediment being deposited on subsiding areas, 
our formations have been almost necessarily accumulated 
at wide and irregularly intermittent intervals of time ; 
consequently the amount of organic change exhibited by 
the fossils embedded in consecutive formations is not 
equal. Each formation, on this view, does not mark a new 
and complete wt. of crmtion, hut only an occasiand swne, 
taken almost at hazard, in an ever slowly changing drama. 

We can clearly understand why a species when once 
lost should never reappear, even if the very same con- 
ditions of life, organic and inorganic, should recur. For 
though the oif’spring of one species might be adapted 
(and no doubt this has occurred in innumerable in- 
seances) I,O Gil the place of another species in the ecouum v ” 
of nature, and thus supplant it; yet the two forms- 
the old and the new-would not be identicnlly the 
same ; for both would almost certainly inherit difrerelll 
characters from their distinct progenitors ; and organisms 
already differing would vary in a different manner. 
For instance, it is possible, if all our fantail pigeons 
we= destroyed, that fanciers might make a new breed 
hardly distinguishable from the present breed ; but if 
the parent rock-pigeou wure likewise destroyed, and 
uder dare we have every reason to believe that 
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parent-forms are generally supplant,ed and exterminated 
by their improved offspring, it is incrcdiLJc that a ftmtail: 

identical with the existing breed, could be raised from 
any other species of pigeon, or even from any other well- 
established race of the domestic pigcon, for the successive 
variations would almost certainly be in some degree 
different, and the newly-formed variety would probably 
inherit from its progenitor some characteristic difi’erences. 

Groups of species, that is, genera and families, follow 
the same general rules in their appearance and dis- 
appearance as dv single species, cllazlgin~ more or less 
quickly, and in a greater or lesser degree. A group, 
when it has once disappeared, never reappears ; that is, 
its existence, a3 long a9 it lasts, is continuous. I am 
aware t,hat there are some apparent exceptions to this 
rule, but the exceptions are surprisingly few, so few that 
E. Forbes, Pi&et, and Wopdward (though all strongly 
opposed to such views as I maintain) admit its truth; 
and the rule strictly accords wit.h the theory. For all 
the species of the same group, however long it may 
have lasted, are the modified descendants one from the 
other, and all from s oommon progorlitor. In the bonus 
Linb’ula, for instance, the species which have successively 
appeared at all ages must have been connected by at1 
unbroken series of generations, from the lowest Silurian 
stratum to the present day. 

We have seen in the last chapter that whole groups 
of spec.ies sometimes falsely appear to have been abruptly 
developed; and I have attempted to give an explana- 
tion of this fact, which if true would be fatal to my 
views. Iht such casts are certainly exceptional; the 
general rule being a gradual increase in number, until 
tha soup re!~ches its maximum, and then, sooner or 
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later, a gradual decrease. If the number of the species 
included within a genus, or the number of the genera 
within a family, be represented by a vertical line of vary 
ing thickness, ascendiug through the successive geological 
form&ions, in which the species are fuund, the line will 
sometimes falsely appear to begin at its lower end, not 
in a sharp point, but abruptly ; it then gradually t,hickens 
upwards, often keepin, 0 of equal thickness for a space, 
and ultimately thins out in the upper beds, marking the 
decrease and final extinction of the species. This gradual 
increase in number of the species of a group is strictly 
conformable with the theory, for the speeies of the same 
genus, and the genera of the same family, can increase 
UlJly slowly md progressively ; llle process of modifica- 
tion and the production of a number of allied forms 
necessarily being a slow anJ gradual pmm39, -one 
species first givin, u rise to two or three varieties, these 
being slowly converted into slIc’cics, which in t.heir turn 
produce by equally slow steps other varieties and species, 
and so on, like the branching of a great tree from asingle 
stem, till the group becomes large. 

We have &FI yet only spoken incidentally of the clis- 

appearance of species and of groups of species. On the 
theory of natural selection, the extinction of old forms 
and the production of new and improved forms are 
intimately connected together. The old notion of all 
the inhabitants of the earth having been swept away by 
catastrophes at successive periods is very generally 
given up, even by those geologists, as Elie de Beaumont, 
Murchison, Barrande, &c., whose general views would 
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naturally lead them to this conclusion. On the contrary, 
we have every reason to believe, from the study of the 
tertiary formations, that species and groups of species 
gradually disappear, one after another, first from one spot, 
then from another, and finally from the world. In some 
few cases however, as by the breaking of an isthmus 
and the consequent irruption of a muhitude of new 
inhabitants into an adjoining sea, or by the final subsi- 
dence of an island, the process of extinction may have 
been rapid. Both single species and whole groups of 
species last for very unequal periods ; some goups, 
as we have seen, have endured from the earliest known 
dawn of life to the present day ; some have disappeared 
before the close of the palaeozoic period. No fixed law 
seems t.o determine the length of time during which 
any single species or any single genus endures. There 
is reason to believe that the extinction of a whole group 
of species is generally a slower process than their pro- 
duction : if tbeir appearance and disappearance be re- 
presented, as before. by a vertical line of varying thick- 
ness the line is found to taper more gradually at its upper 
end, which marks the progress of extermination, than 
at its lower end, which marks the first appearance and 
the early increase in number of the species. In some 
cases, however, the extermination of whole groups, as 
of ammonites, towards t,he close of the secondary period, 
has been wonderfully sudden. 

The extinction of species has been involved in the 
most gratuitous mystery. Some authors have even sup- 
posed that, as tbe individual has a definite length of 
life, so have species a definite duration. No one can 
have marvelled more than I have done at the extinction 
of species. When I found in La Plats, the tooth of a 
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horse embcddcd wit,h the remains of MastodoqMega- 
therium, Toxodon, and other extinct monsters, which 
all co-existed with still living shells at a very late gc+ 
logical period, I was filled with astonishment ; for, seeing 
that the horse, since its introduction by the Spaniards 
into South America, has run wild over the whole 
country and has iucreased in numbers at an unparalleled 
rate, I asked myself what could so recently have exter- 
minated the former horse under conditions of life ap- 
parently so favourable. But my astonishment was 
groundless. Professor Owen soon perceived that the 
tooth, though so lilac that of the existing horse, belonged 
to an extinct species. Had this horse been still living, 
but in some degree rare, no n~tmdi.d wmld have f& 
the least surprise at its rarity ; for rarity is the attribute 
of a vast number of species of all classes, in all countries. 
If we ask ourselves why this or that species is rare, we 
answer that something is unfavourable in its couditions 
of life ; but what that something is we can hardly ever 
tell. On t,he supposition of the fossil horse stiI1 existing 
5~9 CL rare species, we might have felL udai~~, from the 
analogy of all other mammals, even of the slow-breeding 
elephant, and frnm the history of the naturalisation of 
the domestic horse in South America, that under more 
favourable conditions it would in a very few years have 
stocked the whole continent. Hut we could not have 
told what the unfavourable conditions were which 
checked its increase, whether some oue or several con- 
tingencies, and at what period of the horse’s life, and in 
what degree t,hey sevemlly acted. If the conditions had 
gone on, however slowly, becoming less and less favour- 
able, we assuredly should not have perceived the fact, 
yet the fossil horse would certainly have hccome rarer 
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and rarer, and finally extinct ;-it,s place being seized 
on by some more successful competitor. 

It is most difllcult always to remember that the in- 
crease of every creature is coustantly being checked 
by unperceived hostile agencies ; a11ci thaw Llleue same 
unperceived agencies are amply sufficient to cause rarity, 
and finally extinction. So little is this subject undcr- 
stood, that I have heard surprise repeatedly expressed 
at such great monsters as the Mastodon and the more 
ancient Dinosauriaus having become extinct ; as if mere 
bodily strength gave victory in the battle of life. Mere 
size, on the contrary, would in some cases determine, as 
has been remarked by Owen, quicker extermination from 
the greater amount of requisite food. Before man in- 
habited India or Africa, some cause must have checked 
the continued increase of the existing elephant. A 
highly capable judge, Dr. Falconer, beEeves that it is 
chiefly insects which, from incessantly harassing and 
weakening the elephant in India, check its increase ; aud 
this was Urucc’s conclusion with respect to the African 
elephant in Abyssinia. It is certain that insects and 
blood-sucking bats determine the existence of the larger 
naturalized quadrupeds in several parts of S. ,4merica. 

We see in many cases in the more recent bertinry for- 
mntionu, tllat rarity precedes extinction j and -ive know 
that this has been the progress of events with those 
animals which have been exterminated, either locally or 
wholly, through man’s agency. I may repeat what I 
published in 1845, namely, that to admit that species 
generally become rare before they become extinct-to feel 
no surprise at the rarity of a species, and yet to marvel 
greatly when the species ceases to exist, is much the same 
as to admit that sickness in the individual is the fore- 
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runner of death-to feel no surprise at sickness, but, 
when the sick man dies, to wonder and to suspect that 
he died\ by some deed of violence. 

The theory of natural selection is grounded on the 
belief that each new variety and ultims.t$ each new 
species, is produced and maintained by having some 
advantage over those with which it comes into competi- 
tion ; and the consequent extinction of the less-favoured 
forms almost inevitably follows. It is the same with 
our domestic productions; when a new and slightly 
improved variety has been raised, it at first supplants 
the less improved varieties in the same ueighbourhood ; 
when much improved it is transported far and near, like 
our short-horn cattle, and takes the place of other breeds 
in other countries. Thus the appearance of new forms 
and the disappearance of old forms, both those naturally 
and those artificially produced, are bound together. In 
flourishing groups,’ the number of new specific forms 
which have been produced within a given time has at 
some periods probably been greater than the number of 
the oltl specific forms which have been exterminated ; 
but we know that species have not gone on indefinitely 
increasing, at least during the later geological cpoohs, 80 
that, looking to later times, we may believe that the 
production of new forms has caused the extinction nf 
about the same number of old forms. 

The competition will generally be most severe, a9 
formerly explained and illustrated by examples, between 
the forms which are most like each other in all respects. 
Hence the improved and modified descendants of a species 
will generally cause the extermination of the parent- 
species ; and if many new forms have been developed 
from any one species, the nearest allies of that species, 
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i.e. the species of the same genus, will be the most liable 
to extermination. Thus, as I believe, a number of new 
species descended from one species, that is a new genus, 
comes to supplant an old genus, belonging to the same 
family. But it must often have happened that a new 
species belonging to some one group has seized on the 
place occupied by a species belonging to a distinct group, 
and thus have caused its extermination. If many allied 
forms be developed from the successful intruder, many 
will have to yield their places ; and it will generally be 
the allied forms, which will suR’er from some inherited 
inferiority in common. But whether it be species 
belonging to the same or to a distinct class, which have 
yielded their places to other modified and improved 
species, a few of the sufferers may often be preserved 
for a long time, from being fitted to some peculiar line 
of life, or from inhabiting some distant and isolated 
station, where they will have escaped severe competi- 
tion. For instance, some species of Trigonia, a great 
genus of shells in the secondary formations, survive in 
the Australian sets ; and a few members of the great and 
almost extinct group of Ganoid fishes still inhabit our 
fresh waters. Therefore the utter extinction of a group 
is generally, as we have seen, a slower process than its 
production. 

With respect to the apparently sudden extermination 
of whole families or orders, as of Trilobites at the close 
cf the palseozoic period and of Ammonites at the close of 
the secondary period, we must remember what has been 
ulready said on the probable wide intervals of time 
between nur consecutive formations ; and in these 
intervals there may have been much slow extermina- 
tion. Moreover, when, by sudden immigration or by 



100 FORMS OF LIFE CIIANGIN~ [Cw, XT. 

unusually rapid development, many species of a neck 
group have taken possession of an area, many of the 
older species wiu have been exterminated in a corre- 
spondingly rapid manner ; and the forms which thus 
yield their places will commonly bc allied, for they will 

partake of &he same inferiority in common. 
Thus, as it seems to me, the manner in which single 

species and whole groups of species become extinct 
accords well with the theory of maturdl selection. we 
need not marvel at extinction ; if we must marvel, let 
it be at our own presumption in imagining for a 
moment that we understand the many complex con- 
tingencies on which the existence of each species 
depends. If we forget for an instant that each species 

tends to increase inordinately, and t~llat some cheek is 
always in action, yet seldom perceived hy us, the whole 
economy of nature will be utterly obscured. Whenever 
we can precisely say why this species is more abundant 
in individuals than that; why this species and not 
auother can be naturaliscd in a given country; t,hen, 
and not until then, we may justly feel surprise why we 
cannot account for the extinction of any particular 
spccics or group of species. 

On the ~0rm.s of Life chan.@y almost simu?tanaMLsly 
throu&nd the World. 

Scarcely any pakeontological discovery is more 
Htriking than the fact that the forms of life change 
almost simultaneously throughout the world. Thus our 
European Chalk formation can be recognised in many 
distant regions, under the most difrcrent climates, where 
not a fragment of the mineral cIKLIE; itself can be found ; 
namely in Nort,h America, in equatorial South America, 
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in Tierra de1 Fuego, at the Cape of Good IIope, and in 
the peninsula of India. 1Jor at these distant points, 
the organic remains in certain beds present an unmis- 
takeable resemblance t’o t.hose of the Chalk. It is not 
that the same species are met with; for in some cases 
not one species is identically the same, but they be- 
long to the same families, genera, and sections of 

n qnera, and sometimes are similarly charactcrised in 
such trifling points as mere superficial sculpture. More- 
over, other forms, which are not found in the Chalk of 
Europe, but which occur in the formations either above 
or below, occur in the same order at these distant 
points of the world. In the several successive palmo- 
zoic formations of Kussia, Western Europe, and North 
America, a similar parallelism in the forms of life has 
heen observed by several autLora.; uo it is, according 
to Lyell, with the European and North American 
tert,iary deposits. Even if the few fossil species which 
are common to t.he Old and New Worlds were kept 
wholly out of view, the general parallelism in the 
successive forms of life, in the paheozoic and tertiary 
stages, would still be manifest, and the several forma- 
tions could be easily correlated. 

These observations, however, relate to the marine 
inhabitants of Llle wurld: we hnve not sufficient data 
to judge whether the productions of the land and of 
fresh mater at. distant points change in the same parallel 
manner. We may doubt whether they have thug 
changed : if the Megstherium, Mylodon, Macruuchenia, 
and I’oxodon had been brought, to Europe from I,a 
Flata, without any information in regard to their geo- 
logical position, no one would have suspected that they 
had co-existed with sea-shells all still living; but as 
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these anomalous monsters co-existed with the Mastodon 
and Horse, it might at lease have been inferred that 
they had lived during one of the later tertiary stages. 

When the marine forms of life, are spoken of M 
having changod simultaucouely throughout the worl;l, 
it must not be supposed that this expression relates to 
the same year, or to the same century, or even that, it 
has a very strict geological sense ; for if all the marine 
animals now living in Europe, and all those that lived 
in Europe during the Pleistocene period (a very remote 
period aa measured by years, including the whole 
glacial epoch) were compared with those now existing 
in South America or in Australia, the most skilful 
naturalist woulci hardly be able t,o say whether the 
present or the pleistocene inhabitants of Europe re- 
sembled most clnaely those of the southern hemisphere. 
So, again, several highly competent observers maintain 
that the existing productions of the United States are 
more cloSely related to those which lived in Europe 
during certain late tertiary stages, than to the present 
inhabitants of Mrope ; and if this be so, it is evident 
that fossiliferous beds now deposited on the shores of 
North AJmGca would hereafter be liable to be classed 
with somewhat older European beds. Nevertheless, 
lool&g to a remotely future epoch, there can be little 
doubt that all the more modern marine formations, 
namely, the upper Pliocene, the Pleistocene and strictly 
modern beds of Europe, North and South America, and 
Australia, from containing fossil remains in some 
degree allied, and from not including those forms which 
are found only in the older underlying deposits, would 
be correctly ranked as simultunwuu in ~1, geological sense. 

The fact of the forms of life changing simultaneously, 



CHAP. ST.] THROUGHOUT ‘THE WORT,D. 103 

in the above large sense, at distant parts of the world, 
has grcatIy struck those admirable obww~rs, MM. de 
Verneuil and d’Archiac. After referring to the parallel- 
ism of the palzozoic forms of life in various parts of 
Europe, they add, ‘( If, struck by this strange sequence, 
we turn our attention to North America, and there 
discover a series of analogous phenomena, it will appear 
certain that all these modifications of species, their 
extinction, and the introduction of new ones, cannot 
be owing to mere changes in marine currents or other 
UW.WW mwre or less local and temporary, but depend on 
general laws which govern the whole animal kingdom.” 
M. Barrande has made forcible remarks to precisely 
the same effect. It is, indeed, quite futile to look to 
changes of currents, climate, or other physical con- 
ditions, as the cause of these great mutations in the 
forms of life throughout the worId, under the most 
different climates. We must, as Barrande has re- 
marked, look to some special law. We shall see this 
more clwdy when we treat of the prcscnt distribution 
of organic beings, and fired how slight is the relation 
between the physical nnntlitions of various countries 
and the nature of their inhabitants. 

This great fact of the parallel succession of the forms 
of life throughout the world, is explicable on the theory 
of natural selection. New species are formed by having 
some advantage over older forms ; and the forms, which 
Izre already dominant, or have some advantage over 
the other forms in their own country, give birth to the 
greatest number of new varieties or incipient species. 
\Ve have distinct evidence on this head, in the plants 
which arc domina&, that is, which are commonest and 
mnst widely diffused, producin,rr the greatest number of 
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new varieties. It is also natural that the dominant 
varying, and far-spreading species, which have already 
invaded to a certain extent the MTitories of other 
species, should be those which would have the bez t 
chance of spreading still further, illlll uf giving riw in 
new countries to other new varieties and species. The 
process of diffusion would often be very slow, depending 
on climatal and geographical changes, on strange acci- 
dents, and on the gradual acclimatisation of new species 
to the various climates through which they might have to 
pass, but in the course of time the dominant forms would 
generally succeed in spreading and would ultimately 
prevail, The diffusion would, it is probable, be slower 
with the teirestrial inhnLiLdub UP ciistirict continents 
than with the marine inhabitants of the continuous sea. 
We might therefore espcct to find, as wo do find, n 1~3~ 
strict degree of paralIcliem in the succession of the pro- 
ductions of the land than with those of the sea. 

Thus, as it seems to me, the parallel, and, taken in a 
large sense, simultaneous, succession of the same formi 
of life throughout the world, accords well with the 
principle of new species having been formed by domi- 
nant species spreading widely and varying; the new 
species thus produced being themselves dominant, 
owing to their having had eomc advnntagc over their 
already dominant parents, as well as over other species, 
and again spreading, varying, and producing new forms. 
The old forms which are beaten and which yield thei-: 
places to the new and victorious forms, will generally 
b allied in groups, from inheriting some inferiority in 
common; and therefore, as new and improved groups 
spread t,hrou@out the world, old groups disappear from 
thhe world; and the succession of fmus everywhere 
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tends to correspond both in their first appearance and 
final disappearance. 

There is one other remark connected with this subject 
worth making. I have given my reasons for believing 
that most, of our great formations, rich in fossils, were 
deposited durin; periods of subsidence ; and that blank 
intervals of vast duration, as far as fossils are concerned, 
occurred during the periods when the bed of the sea 
was either stationary or rising, and likewise when scdi- 
ment was not thrown down quickly enough to embed 
and preserve organic remains. During these long and 
blank intervals I suppose that the inhabitants of each 
region underwent a considerable amount of modification 
and extinctiou, and that there was much migration 
from other parts of the world. As we have reason to 
believe that litrge areas are afl’ected by the same move- 
ment, it is probable that strictly .contemporancous 
formations have often been accumulated over very wide 
Epaces in the same quarter of the world; but we are 
very far from having any right to conclude that this 

has invariably been the case, and that large areas have 
invariably been affected by the same movements. Wheu 
two formations have been deposited in two regions 
during nearly, but not exactly, the same period, we 
should find in both, frorn the causes explained in the 
foregoing paragraphs, the same general succession iu 
the forms of life ; but. the species would not exactly 

~~wrespoud ; for there will have been a little more time 
iu the one region than in the other for modification, 
extinction, and immigration. 

I suslject that cases of this nature occur in Europe, 
Mr. I’restwich, iu his aclmimble Memoirs on the eocene 
deposits of England and France, is able to draw a cIom 
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general parallelism between the successive stages in 
the two countries ; but when he compares certain stages 
in England with tl~oet: in France, although he finds in 
both a curious accordance in the numbers of the species 
belon@ng to the same genera, yet the species them- 
selves differ in a manner very difficult to account for 
considering the proximity of the two areas,-unless, 
indeed, it be assumed that an isthmus separated two 
seas inhabited by distinct, but contemporaneous, faunas. 
Lyell has made similar observations on some of the 
later tertiary formations. Barrande, also, shows that 
there is a striking general parallelism in the successive 
Silurian deposits of .Bohemia and Scandinavia ; never- 
theless he finds a surprising amount of difference in 
the species. If the several formations in these regions 
have not been deposited during t.hc same exact periods, 
-a formation in one region often corresponding with a 
blank interval in the other,-and if in both regions the 
species have gone on slowly changing during the accu- 
mulation of the several formations and during the long 
intervals of time between them ; in this case the several 
formations in the two regions could be arranged in the 
YUK. urder, in accordance with the general succession 
of the forms of life, and the order would falsely appear 
to be strictly parallel; nevert,hhr?le!sn the species wmlld 

not be all the same in the apparently corresponding 
stages in the two regions. 

OR the Aginities of ExGnct Species to each other, ad 
to Living Tom. 

Let us now look to the mutual affinities of extinct 
and living species. AU fall into a few grand cla.ssc~; 

and this fact is at once explained on the principle of 
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descent. The more ancient any form is, the more, M 
a gelled rule, it differs from living forms. But. as 
Buckland long ago remarked, extinct species can all be 
classed either in still existing groups, or between them. 
That the extinct forms of life help to fill up the 
intervals between existing genera, families, and orders, 
is certairdy true ; but as this statement has often been 
ignored or even denied, it may be well to make some 
remarks on this subject, and to give some instances. 
If we confine our attention either to the living or to the 
extinct species of the same class, the series is far Icss 
perfect than if we combine both into one general 
system. In the writings of Professor Owen we con- 
tinually meet with the expression of generalised forms, 
as applied to extinct animals; and in the writings of 
Agassiz, of prophetic or synthetic types ; and these 
terms imply that such forms are in fact intermediate or 
connecting links. Anot.her distinguished palreontologist, 
M. Gaudry, has shown in the mosf striking manner that 
many of the fossil mammals discovered by him in Attica 
serve to break down the intervals between existing 
genera. Cuvier ranked the Iluminants and Pachyderms, 
as two of the most distinct orders of mammals: but so 
many fossil links have been disentombed that Owen 
has had to alter the whole classification, and has placed 
&rtain pachyderms in the same sub-order with rumi- 
nants ; for example, he dissolves by gradations the 
[rpparently wide interval between the pig and the 
(amel. The Ungulata or hoofed quadrupeds are now 
divided into the even-toed or odd-toed divisions ; bnt 
the Mar,r.zucl,cnia of S. America. connects to a ccwtnin 
extent these two grand divisions. No one will deny 
that the Hipparion is intermediate between the existing 

33 
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horse and certain older ungulate forms. What a won- 
derful connecting link in the chain of mammals is 
the Typotherium from S. America, as the name givcu 
to it by Professor Gervais expresses, and which cannc I 
bo placed in any existing order. The Sircnia form a 

very distinct group of mammals, and one of the most 
remarkable peculiarities in the existing dugong and 
lamentin is the entire absence of hind limbs wit,hout 
even arudiment being left ; but the extinct IIalitherium 
had, according to Yrofessor Flower, an ossified thigh- 
bone Yarticulated to a well-defined acetabulum in the 
pelvis,” and it thus makes some approach to ordinary 
hoofed quadrupeds, to which the Sirenia are in other 
respects allied. The cetaceans or whales are widely 

different from all other mammals, but the tertiary Zeug- 
lodon and Sgualoclon, which have been placed by some 

naturalists in an order by themselves, are considered by 
Professor Huxley to be undoubtedly cetaceans, “and to 
constitute connecting links with the aquatic carnivora.” 

Even the wide interval between birds and reptiles 
has been shown by the naturalist just quoted to be 
partially bridged over in the most unexpected manner, 
on Lhe one hand, by the ostrich and extinct Aroheo- 
pteryx, and on the other hand, by the Compsognathus, 
OUES of the Dinosaurians-that group which includes 

the most gigantic of all terrestrial reptiles. !I’urning’~ 
the Invertebrata, Barrande asserts, a higher authority 
could not be named, that be is every day taught that, 
although paheozoic animals can certainly be c1asse.d 
nnder existing groups, yot that at this ancient period 
the groups were not so distinctly separated from each 
other as they now are. 

Some writers have objected to any extinct specs+ 
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or group of species, being considered as intermediate 
between any two living species, or groups of species. 
If by this term it is meant that an extinct form is 
directly intermediate in all its characters between two 
Living forms or groups, the objection is probably valid. 
But in a natural classification mauy fossil species 
certainly stand between living species, and some extinct 
geuera between living genera, even betxveen genera 
belonging to distinct families. The most common case, 
especially with respect to very distinct groups, such as 
fish and reptiles, seems to be, that, supposing them to 
be distinguished at the present day by a score of cha- 
racters, the ancient members are separated by a some- 
what lesser number of characters ; so that the two groups 
formerly made a somewhat nearer approach to each 
other than they now do. 

It is a common belief that the more ancient a form 
is, by so much the more it tends to connect by some of 
its characters groups now widely separated from each 
other. This remarmk no douht rhust be rastrictcd to 
those groups which have undergone much change in 
the course of geological ages ; and it would be difficul tS 
to prove the truth of the proposition, for every now and 
then even a living animal, as the Lepidosircn, is dis- 
covered having afinities directed towards very distinct 
groups. Yet if we compare the older Heptiles and 
Eatmchians, the older Fish, the older Cephalopods, and 
the eocene Mammals, with the more recent members of 
the same classes, we must admit that there is truth in 
the remark. 

Let us see how far these several facts and inferences 
accord with the theory of descent with modification. 
As the subject is somewhat complex, I must request 
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the reader to turn to the diagram in the fourth chapter. 
We may suppose that the numbered letters in italics 
represent genera, and the dotted lines diverging from 

them the species in each genus. The diagram is much 
too simple, too few genera and too fow species being 

given, but this is unimportant for us. The horizontal 
lines may represent successive geological formations, 
aud all the forms beneath the uppermost line may be 
considered as extinct, The three existing genera a’: 
a’*, pl’, will form a small family ; P and $’ a closely 
allied family or sub-family ; and o”, P, ml’, a third 
family,. These three families, together with the many 
extinct genera on the several lines of descent diverging 
from the parent-form (A) will form an order, for all 

will have inherited something in common from thei 
zxnrticmt, pmgenitor. On the principle of the mntimd 

tendency to divergence of character, which was formerly 
illustrated by this diagram, the more recent any form 
is, the more it will generally differ from its ancient 
progenitor. Hence we can understand the rule that 
the most ancient fossils diKer most from existing forms. 
We must not, however, assume that divergence of 
character is a necessary contingency ; it depends solely 
on the descendants from a species b&g thus enabled 
to seize on many and different places in the economy of 

nature. Therefore it is quite possible, as we have seen 
in the c=e of some Silurian forms, that a species might 
go on being slightly modified in relation to its slightly 
altered conditions of life, and yet retain throughout a 
vast period the same general characteristics. This is 
represented in the diagram by the letter P. 

All the xnauy fur~us:, cxlirlol and recent, desoended 

from (A), make, as before remarked, one order ; and 
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this order, from the cont.inued effects of extinction and 
divergence of character, has become divided into everal 
sub-families and families, some of which are supposed 
to have perished at different periods, and some to have 
endured to the present day. 

By looking at the diagram we can see that if many 
of the extinct forms supposed to be imbedded in the 
successive formations, were discovered at several points 
low down in the series, the three esisting families on 
the uppermost line would be rendered less distinct 
from each other. If, for instance, the genera al, as, a’O, 
f 8) 72, d, m*, were disinterred, these three families 
would be so closely linked together that they probably 
would have to be united into one great family, in 
nearly the same manner as has occurred with rumi- 
nants and certain pachyderms. Yet he who objected 
to consider as intermediate the extinct genera, which 
thus link together the living genera of three families, 
would be partly justified, for they are intermediate, not 
directly, but only by a long and .&r&tons COlll?W. 

through many widely different forms. If many ex- 
tinct forms were to be discovered above one of the 
middle horizontal lines or geological formations-for 
instance, above No. VI.-but none from beneath this 
line, then only two of the families (those on the left 
hand, a”, AX., and P, kc.) would have to be united 
into one ; and there would remain two families, which 
would be less distinct from each other than they were 
before the discovery of the fossils. So again if the three 
families formed of eight gmera (~9’ to 7n14), on the 
uppermost line, be supposed to differ from each other 
by half-a-dozen important characters, then the families 
which existed at the period marked VI. would certainly 
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have differed from each other by a less number uf &L- 
racters ; for tl tey would at this early stage of descent 
have diverged in a less degree from their common 
progenitor. Thus it comes that ancient, and extinct 
genera are often in a gqeater or less degree intermediate 
in character between t,heir modified descendants, or 
between their collateral relations. 

Under nature the process will be far more complicated 
than is represented in the diagram ; for the groups will 
have been more numerous ; they will have endured for 
extremely unequal lengths of time, and will have been 
modified in various degrees. As we possess only the 
last volume of the geological record, and that in a very 
broken condition. we have no right to expect, except in 
rare cases, to fill up the wide intervals in the natural 
system, and thus to unite distinct families or orders. 
All that we have a right to expect is, that those groups 
which have, within known geological periods, undergone 
much modification, should in the older formations make 
some slight approach to each other; so that the older 
mcmbcrs ehonld differ 10s~ from each other in some nf 
their characters than do t,he existing members of the 
same groups , + and this by the concurrent evidence of 
our best paleontologists is frequently the case. 

Thus, on the theory of descent with modification, the 
main facts with respect to the mutual affmities of the 
extinct forms of life to each other and to living forms, 
are explained in a satisf&tory manner. And they ale 
wholly inexplicable on any other view. 

On this same theory, it is evident. that the faun:t 
during any one great period in the earth’s history will bs 
intwmedinte in gmmd character between th3t which 
preceded and that which succeeded it. Thus the specie* 
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which lived at the sixth great stage of descent in the 
diagram are the modified offspring of those which lived 
at the fifth stage, and are the parents of those which 
became still more modified at the seventh stage ; hence 
they could hardly fail to be nearly intermediate in 
character between the forms of life above and below. 
We must, however, allow for the entire extinction of 
some preceding forms, and in any one region for the 
immigration of new forms from other regions, and for a 
large amount of modification during the long and blank 
intervals between the successive formations. Subject 
to these allowances, the fauna of each geological period 
undoubtedly is intermediate in character, between the 
preceding and succeeding faunas. 1 need give only one 
instance, namely, the manner in which the fossils of the 
Devonian t+yaLem, when this aystsm wits firvL discovered, 
were at once recognised by paheontologists as inter- 
mediate in character beteeen those of the overlying 
carboniferous, and underlying Silurian systems. But 
each fauna is not r-ecessarily exactly intermediate, as 
unequal intervals of time have elapsed between conse- 
cutive formations. 

It is no real objection to the truth of the statement that 
the fauna of each period as a whole is nearly intermediate 
in character betTeen the preceding and succeeding 
faunas, that certain genera offer exceptions to the rule. 
ror instance, the species of mastodons and elephants, 
1 ben arranged by Dr. Falconer in two series,-in the 
first plaze according to their mutual affinities, and in 
the second place according to their periods of existence, 
-do not accord in arrangement. The species extreme 
in character are not the oldest or the most recent ; nor 
are those which are intennerliate in character, inter- 
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mediate in age. But supposing for an instant, in thie 
and other such cases, that the record of the first appear- 
~noc and disappearance of the species was comldctu, 
which is far from the case, we have no reason to belie1 e 
that forms successively produced necessarily endure fc r 
corresponding lengths of time. A very ancient form 
may occasionally have lasted much longer than a form 
elsewhere subsequently produced, especially in the case 
of terrestrial productions inhabiting separated districts. 
To compare small things with great ; if the principal 
living and extinct races of the domestic pigeon were 
arranged in serial affinity, thia arrangement would not 
closely accord with the order in time of their produc- 
tion, end even less with the order of their disappesranee ; 
for the parent rock-pigeon still lives ; and many varieties 
between the rock-pigeon and the carrier have become 
extinct; and carriers which are extreme in the impor- 
tant character of length of beak originated earlier than 
short-beaked tumblers, which are at the opposite end of 
the series in this respect. 

Clusdy connected with the statement, that the organic 
remains from an intermediate formation are in some 
degree intermediate in character, is the fact, insisted on 
by all paheontologists, that fossils from two consecutive 
formations are far more closely related to ench other, 
than arc the fossils from two remote formations. Pictet 
gives as a well-known instance, the general resem- 
blance of the organic remains from the several stages 
of the Chalk formation, though the species are dio- 
tiuct in each stage. This fact alone, from its generality, 
seems to have shaken Professor Pictet in his be&f 
in the immulability of species. IIe who is aquGntei1 
with the distribution of existing species over the globe, 
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will not attempt to account for the close resemblance of 
distinct species in closely consecutive formations, by 
the physical conditions of the ancient areas having 
remained nearly the same. Let it be remembered that 
lhe forms of life, at Ieast those inhabiting the sea, have 
changed almost simultaneously throughout the world, 
and therefore under the most different climates and con- 
ditions. Consider the prodigious vicissitudes of climate 
during the pleistocene period, which includes the whole 
glacial epoch, and note how little the specific forms of 
the inhabitants of the sea have been affected. 

On the theory of descent, the full meaning of the 
fossil remains from closely consecutive formations being 
closely related, though ranked as distinct species, is 
obvious. As the accumulation of each formation has 
often been inlcrruptecl, and aa long blank intervals have 
intervened between successive formations, we ought not 
to expect to find, as I attempted to show in the last 
chapter, in any one or in any two formations, all the 
intermediate varieties between the species which 
appeared at the commencement and close of these 
periods : but we ought to find after intervals, very long 
as measured by years, but only moderately long as 
measured geologically, closely allied forms, or, as they 
have been called by some authors, representative species; 
and these assuredly we do find. We find, in short, suclt 
evidence of the slow and scarcely sensible mutations c! 
qzGfic forms, as we have the right to expect, 
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On th State of Devdqwnent of Ancient compared wifh 
Living l6rmas. 

We have seen in the fourth chapter that the de,rrlco 
of difterentiation and specialisation of the parts in 
organic beings, when arrived at maturity, is the best 
standard, as yet suggested, of their degree of perfection 
or highness. We hat-e also seen that, as t,he speciali- 
sation of parts is an advantage to each being, so natural 
aelection will tend to render the organisation of each 
being more specialised and perfect, and in this sense 
higher; not but that it may leave many creatures with 
simple and unimproved structures fitted for simple con- 
ditions of life, and in some cases will even degrade or 
simplify the organisation, yet leaving such degraded 
beings better fitted for their new walks of life. In 
another and more general manner, new species become 
superior to their predecessors ; for they have to beat in 
the struggle for life all the older forms, with which they 
come into close competition. We may therefore COR- 
elude that if under a ncnrly similar climate the eoo~no 

inhabitants of the world could be put into competition 
with the existing inhabitants, the former would be beaten 
and exterminated by the latter, as would the secondary 
by the eocene, and the palreozoic by the secondary 
forms. 80 that by t.his mndamental test of victory in 
the battle for life, as well as by the standard of the 
specialisation of organs, modern forms ought, on the 
theory of natural selection, to stand higher than ancient 
forms. Is this the case ? A large majority of palzon- 
tologists would answer in the affirmative ; and it seems 
that this answer must be admitted as true, though 
ixlhlIt of proof. 
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It is no valid objection to this conclusion, that certain 
Urachiopods have been but slightly modified from an 
extremely remote geological epoch; and that certain 
land and fresh-wat.er shells have remained nearly the 
same, from the time when, as far as is known, they 
first appeared. It is not an insuperable difficulty that 
Foraminifera have not, a.~ insisted on by Dr. Carpenter, 
progressed in orgsnisation since even the Laurentian 
epoch; for some organisms would have to remain fitted 
for simple conditions of life, and what could be better 
fitted for this end than these lowly organised Protozoa ? 
Such objections as the above would be fatal to my view, 
if it included advance in organisation as a necessary 
contingent. They would likewise be fatal, if the above 
Foraminifera, for instance, could be proved ID have 
firvL (;um3 i&o exisknce duriq the LaurenLh epoch, 
or the above Brachiopods during the Cambrian forma- 
tion; for in this case, there would not have been time 
sufficient for the development of these organisms up to 
the standard which they had then reached. When 
advanced up to any given point, there is no necessity, 
on the theory of natural selection, for their further 
continued progress ; though they will, during each 
successive age, have to be slightly modified, so as to 
hold their places in relation to slight changes in their 
conditions. The foregoing objections hinge on the 
question whether we reaIly know how old the world 
is, and at what period the various forms of life first 
appeared ; and this may well be disputed. 

The problem whether organisation on the whole has 
advanced is in many ways excessively intricate. Tlie 
geological record, at all times imperfect, does not 
extend far enough back, to shew with unmistake:rbla 



118 STATE OF DEVELOPMENT OF [CnAP. XL 

clearness that within the known history of the world 
organisation has largely advanced. Even at the present 
day, luoking to mellrbm of the smua &w, natural&u 
are not unanimous which forms ought to be ranked as 
highest: thus, some look at the selacoans or sharks, 
from their approach in some important points of struc- 
ture to reptiles, as the highest fish ; others look at 
the teleosteans as the highest. The ganoids stand 
intermediate between t,he selaceans and teleosteans ; 
the latter at the present day are largely preponderant 
in number; but formerly selaceans and ganoids alone 
existed ; and in this case, according to the standard of 
highness chosen, so will it be said that fishes have 
advanced or retrograded in organisation. To attempt 
to compare members of distinct types in the scale of 
highness seems hopeless ; who will decide whether R 
cuttle-fish be higher than a bee- that insect which the 
great Von Bacr believed to be “in fact more highly 
organised than a fish, although upon another type ” 1 
In the complex struggle for life it is quite credible that 
crustaceans, not very high in their own class, might beat 
cephalopods, t,he highest molluscs ; and such crustaceans, 
though not highly developed, would stand very high iu 
the scale of invertebrate animals, if judged by the most 
decisive of all trials-the law of battle. Beside these 
inherent difficulties in deciding which forms are the 
most advanced in organisation, we ought not solely to 
compare the highest members of a class at any two 
~&o&s-though undoubtedly this is one and perhaps 
the most important element in striking a balance-but 
me ought to compare all the members, high and low, at the 
two periods. At an ancient epoch the highest and loweat 
molluscoidd animals, namely, cephalopods and bra&b 
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pods, swarmed in numbers ; at the present time both 
groups are geeatly reduced, whilst others, intermediate 
in organisation, have largely increased; consequently 
some naturalists maintaip that molluscs were formerly 
clore highly developed than at present ; but a stronger 
case can be made out. on the oppesite side, by consider- 
ing the vast reduction of brachiopods, and the facZ 
that our existing cephalopods, t,hough few in number. 
are more highly organised than their ancient represen- 
tatives. We ought also to compare the relative propor- 
tional numbers at any two periods of the high and low 
classes throughout the world: if, for instance, at the 
present day fifty thousand kinds of vertebrate animals 
exist, and if we knew that at some former period only 
ten thousand kinds existed, we ought to look at this in- 
crease in number in the highest class, which implies a 
great displacement of lower forms, as a decided advance 
in the organisation of the world. We thus see how 
hopeIessly difficult it is to compare with perfect fair- 
ness under such extremely complex relations, the stan- 
dard of organisat.ion of the imperfectly-known faunaz of 
successive periods. 

We shall appreciate this difficulty more clearly, by 
looking to certain existing faunm and fiorrts. From the 
extraordinary manner in which European productions 
have recently spread over New Zealand, and have seized 
on places which must have been previously occupied by 
the indigenes, we must believe, that if all the animals 
and plante of Great Britain were set free in New 
Zealaud, a multitude of British forms would in the 
course of time become thoroughly naturalised there, 
and would exterminate many of the natives. On the 
other hand, from the fact that hardly a single inhabit& 
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of the southern hemisphere has become wild in any part 
of Europe, we may well doubt whether, if all the 
productions of New ZeaIand were set free in Great 
Britain, any considerable uumber would be enabled to 
s&e on places now occupied by our native plants and 
animals. Under this point of view, the productions of 
Great Britain stand much higher in the scale than those 
of New Zealand. Yet the most skilful naturalist, from 
an examination of the species of the two countries, 
could not have foreseen this result. 

Agassiz and several other highly competent judges 
insist that ancient animals resemble to a certain extent 
the embryos of recent animals belonging to the same 
classes; and that the geolo$cal succession of extinct 
forms is nearly parallel with bhe embryological de- 
v&pmcnt of existing forms. This view accords ad- 
mirably well with our theory. In a future chapter I 
shall attempt to show that the adult differs from its 
embryo, owing to variations having supervened at a not 
early age, and having been inherited at a corresponding 
age, Tllis process, whilst it leaves the embryo almost 
unaltered, continually adds, in the course of successive 
generations, more and more difference to the adult. 
Thus the embryo comes to be left as a sort of picture, 
preserved by nature, of the former and less modified 
condition of the species. This view may be true, and 
yet may never be capable of proof. Seeing, for instance, 
tltat the oldest known mammals, reptiles, and fishes 
strictly belong to their proper classes, though some of 
these oId forms are in a slight degree less distinct from 
each other than are the typical members of the same 
groups at the present day, it would be vain to look for 
&.maLs having the common embryological character of 
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the Vertebrata, until beds rich in fossils are discoverctl 
far beneath the lowest Cambrian strata-a discovery of 
which the chanee is small, 

On the i5hxession of tJbe same Types within t.b SQT?L 
Areas, during the later Tertiary periods. 

Mr. CIift many years ago showed that the fossil 
mammals from the Australian caves were closely allied 
to the living marsupial3 of that continent. In South 
America, a similar relationship is manifest, even to an 
uneducated eye, in the gigantic pieces nf armour, like 
those of the armadillo, found in several parts of La 
Plata; and Professor Owen has shown in the most 
striking manner that most of the fossil mammals, buried 
there in such numbers, are related to South American 
types. This relationship is even more clearly seen in 
the wonderful collection of fossil bones made by ~NM. 
Lund and Clausen in the caves of Brazil. I was so 
much impressed with these facts that I stroqly insisted, 
in 1839 and 1845, on this “law nf the succession of 
types,“+n “this wonderful relationship in the same 
continent between the dead and the living.” Professor 
Owen has subsequently extended the same generalisation 
to the mammals of the Old World. We see the same 
law in this author’s restorations of the extinct and 
gigantic birds of New Zealand. We see it also in the 
birds of the caves of Brazil. Mr. Woodward has shown 
that the same law holds good with sea-shells, but, from 
ihe wide distribution of most molluscs, it is not well 
displayed by them. Other cases could be added, as the 
relation between the extinct and living land-shells of 
hI:deira ; and between the extinct and living brackish 
water-shells of the Aralo-Cnspian Sea. 
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Now what does this remarkable law of the succession 
of the same types within the same areas mean 1 He 
would be a L&l mau who, after comparing the Fresent 
climate of Australia and of parts of South Americz, 
under the same latitude, would attempt to account, on 

t?le one hand through dissimilar physical conditions, for 
the dissimilarity of the inhabitants of these two con- 
tinents ; and, on the other hand through similarity oI 
conditions, for the uniformity of the same types in each 
continent during the later tertiary periods. Nor can it 
be pretended that it is an immutable law that marsupials 
should have been chiefly or solely produced in Australia ; 
or t.hat Edentata and other American types should have 
been solely produced in South America. For we know 
that Europe in ancient times was peopled by numerous 
marsupials ; and I have shown in the publications above 
alluded to, that in America the law of distribution of 
terrestrial mammals wae formerly direrent from what it 
now is. North America formerly partook st,rongly of 
the present character of the southern half of the con- 
t.inent ; and the southern half was formerly more closely 
allied, than it is at pr,esent, to the northern half. In a 
similar mauner we know, from Falconer and Cautley’s 
discoveries, that Northern India was formerly more 
closely related in its mammals to Africa than it is at 

the present time. Analogous facts could be given in 
relation to the distribut,ion of marine animals. 

On the theory of descent with modification, the great 
law of the long endurin,, (7 but not immutable, successiorl 
of the same types within the same arcas, is at once es- 
plained ; for the inhabitants of each quarter of the world 
will obviously tend to ltxavt: in LhL quark, during the 

nest succeeding period of time, closely allied though in 
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some degree modified descendants. If the inhabitants 
of one continent formerly differed greatly from those of 
another continent, so will their modified descendants still 
differ in nearly the ssme manner and degree. I3ut after 
very long intervals of time, and after great geographird 
changes, permitting much intermigration, the feebIer 
will yield to the more dominant forms, and there will 
be nothing immutable in the distribution of organic 
beings. 

It may be asked in ridicule, whether I suppose that 
the megatherium and other allied huge monsters, which 
formerly lived in South America, have left behind them 
the sloth, armadillo, and anteater, as their degenerate 
descendants. This cannot for an instant be admitted. 
These huge animals have become wholly extinct, and 
have left no progeny. But in the caves of Brazil, there 
are many extinct species which are closely allied in size 
and in all other characters to the species still living in 
Sout,h America ; and some of these fossils may have been 
the actual progenitors of the living species. It must, not 
be forgotten that, on onr theory, all the species of the 
same genus are the descendants of some one species ; so 
that, if six genera, each having eight species, be found in 
one geological formation, and in a succeeding formation 
there be six other allied or representative genera each 
with the same number of species, then we may conclude 
that generally only one species of each of the older 
genera has left modified descendants, which constitute 
the new genera containing the several species ; the other 
seven species of each old genus having died out and left 
no progeny. Or, and this will be a far commoner case, 
two or three species in two or three alone of the six older 
genera will be the parents of the new genera: the other 

34 
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species and the other old genera having become utterly 
ext,inct. In failing orders, with the genera and species 
decreasing in numbers aa is the case with the Edentotn 
of South America, still fewer genera and species will 
leave modified blood-dcsccndants. 

I have attempted to show that the geological record is 
extremely imperfect ; that only a small portion of the 
globe has been geologically explored with care ; that 
only certain classes of organic beings have been largely 
preserved in a fossil state; that the number both of 
specimens and of ape&es, preserved in our museums, is 
absolutely as nothing compared with the number of 
gmwmthns which must have passed away even during a 
single formation ; that, owing to subsidence being almost 
necessary for the accumulation of deposits rich in fossi 
species of many kinds, and thick enough to outlast future 
degradation, great intervals of time must have elapsed 
between most of our successive formations ; that there 
has probably been more extinction during the periods of 
aubsidenoe, and more variation during tho periods of 
elevation, and during the latter the record will have been 
ieast perfectly kept ; that each single formation has not 
been continuously deposited; that the duration of each 
formation is probably short compared with the average 
duration of specific forms ; that migration has played an 
important part in the first appearance of new forms in 
my one area and formation ; that widely ranging species 
are those which have varied most frequently, and have 
oftenest @VW A.se to new species ; that varieties have 
at first been local; and lastly, although each species 
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must have passed through numerous transitional stages, 
it is probable that the periuds, during which each 
underwent modification, though many and long as 
measured by years, have been short in comparison with 
the periods during which each remained in an unchanged 
condition. These causes, taken conjointly, will to a large 
extent explain why-t,hough we do find many links-we 
do not find interminable varieties, connecting together all 
extinct, and existing forms by the finest graduated steps. 
It should also be constantly borne in mind that any 
linking variety between two forms, which might, he fcmntl, 

would be ranked, unless the whole chain could be 
perfectly restored, as a new and distinct species ; for it 
is not pretended that we have any sure criterion by which 
species and varieties can be discriminated. 

He who rejects this view of the imperfection of the 
geological record, will rightly reject the whole theory. 
For he may ask in vain where are the numberless 
transitional links which must formerly have connected 
the. closely allied or rc?present,&ve species, found in 
the successive stages of the same great formation 1 He 
may disbelieve in the immense intervals of time whmh 
must have elapsed between our consecutive formations ; 
he may overIook how important a part migration has 
Ibyed, when the formations of any one great region, 
as those of Europe, are considered ; he may urge the 
apparent, but often falsely apparent, sudden coming in 
of whole groups of species. He may ask where are the 
remains of those infinitely numerous organisms which 
must have existed long before the Cambrian syshm 
was deposited ? We now know that at least one animal 
did then exist; but I can answer this last question 
only by supposing that where our oceans now extend 
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they have extended for an enormous period, and where 
our oscillating continents now stand they have stood 
since the commencement of the Cambrian system; bur 
that, long before that epoch, the world presented E 
widely different aspect; and that the nlder continents. 
formed of formations older than any known to us, exist 
now only as remnants in a metamorphosed condition, 
or lie stili buried under the ocean. 

Passing from these difficulties, the other great leading 
facts in paheontolo,~ agree admirably with the theory 
of descent with modification through variation and 
natural selection. We carr thus understand how it 53 
that new species come in slowly and successively ; how 
species of different classes do not necessarily change 

together, or at the same rate, or in the same degree; 
yet in the long run that all undergo modification to 
some extent. The extinction of old forms is the almost 
inevitable consequence of the production of new forms. 
We can understand why, when a species has once dis- 
appeared, it never reappears. Groups of species increase 
in numbers slowly, and endure for unequal ptxivdu vf 

time ; for the process of modification is necessarily 
slow, and depends on many complex contingencies. 

The dominant species belonging to large and dominant 
groups tend to leave many modified descendants, which 
form new sub-groups and groups. As these are formed, 
the species of the less vigorous groups, from their in.. 
feriority inherited from a common progenitor, tend tr 
IJf3cOmf3 extinct together, and to leave no modSed off. 
spring on the face of the earth. But the utter extinc- 
tion of a whole group of species has sometimes been a 
slow procc38, from tho survival of a fow doscondants, 

lingering in protected and isolated situations. When a 
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group has once wholly disappeared, it does not reappear ; 
for the liuk of generation has been broken. 

We can understand how it is that dominant forms 
which spread widely and yield the greatest number of 
varieties tend to pl:ople the world with allied, but 
modified, descendants ; and these will generally succeed 
in displacing the groups which are their inferiors in 
the struggle for existence. Hence, after long intervals 
of time, the productions of the world appear to have 
changed simultaneously. 

We can nndemtand how it is that all the folms of 
life, ancient and recent, make together a few grand 
classes. We can understand, from the continued ten- 
dency to divergence of character, why the more ancient 
a form is, the more it generally differs from those now 
living; why ancient and extinct forms often tend to 
fill up gaps between existing forms, sometimes blending 
two groups, previously classed as distinct, into one ; but 
more commonly bringing them only a little closer 
together. The more ancient a form is, the more ofkn 

it stands in some degree intermediate between groups 
now distinct ; for the more ancient a form is, the more 
nearly it will be related to, and consequently resemble, 
the common progenitor of groups, since become widely 
divergent. Extinct forms are seldom directly inter- 
mediate between existing forms ; but are intermediate 
only by a long and circuitous course through other 
extinct and different forms. We can clearly see why 
ilie organic remains of closely consecutive formations 
are closely allied ; for they are closely linked together 
by generation. We can clearly see why the remains of 
an intermediate formation are intermediate in character. 

‘The inhabitants of the world at each successive 
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period in its history have beaten their predecessors 
in the race for life, and are, in so far, higher in the 
scale, and their structure has generally become more 
spccialised ; and this may account for the commolr 
belief h&l by ESO many pabcontologists, that organisa- 
tion on the whole has progressed. Extiuct and ancient 
animals resemble to a certain extent the embryos ot 
the more recent animals belonging to the same classes, 
and this wonderful fact receives a simple explanation 
according to our views. The succession of the same 
types of structure within the same areas during the 
later geological periods ceases to be mysterious, and is 
intelligible on the principle of inheritance. 

If then the geological record be as imperfect aa many 
believe, and it may at least be asserted that the record 
cannot be proved to be much mnre perfect, the main 

objections to the theory of natural selection are greatly 
diminished or disappear. On the other hand, all the 
chief laws of palaeontology plainly proclaim, as it seems 
to me, that species have been produced by ordinary 
generation : old forms having been supplanted by new 
and improved forms of life, the products of Variation 
and the 3uruival of thr, 3Uk.3t, 
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CIIAPTER XII. 

GEOGRAPHICAL DISTRIBUTION, 

Present distribution cannot be accounted for by dXerencea in 
physical conditions-Iml~r~ance of barriers-Affinity of the pro- 
ductions of the same continent-Centree of creation-Means of 
dispersal by changes of climate and of the level of the land, and 
by occasional means-Diqreraal dnrin: the Glacial period- 
Alternate Glacial periods in the North and South. 

IN considering the distribution of organic beings over 
the face of the globe, the first grest fact which strikes 
us is, that neither t,he similarity nor the dissimilarity 
of the inhabitants of various regions can be wholly 
accounted for by climatal and other physical conditions. 
Of late, almost every author who has studied the subject 
has come to this conclusion. The case of Amerfca 
alone would almost sufbce to prove its truth; for if we 
exclude the arctic and northern temperate parts, all 
authors agree that one of the most fundamental divisions 
in geographical distribution is that bctwccn tho New and 

Old Worlds ; yet if we travel over the vast American 
c.ontinent, from the central parts of the United States 
ti its, extreme southern point, we meet with t,he most 
diversified conditions ; humid districts, arid deserts; 
lofty mountains, grassy plains, forests, marshes, lakes, 
and great rivers, under almost every temperature. 
‘Ihere is hardly a climate or condition in the Old 
\Vorld which cannot be paralleled in the New-at 
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least as closely s8 the same speciea generally require. 
No doubt small areas can be pointed out in the Old 
World hotter than any in the Xew World ; but these 
are not inhabited by a fauna different from that of the 
surrounding districts; fnr it is 131-e to find a group nf 
organisms confined to a small area, of which the con- 
ditions are peculiar in only a slight degree Notwith- 
standing this general parallelism in the conditions of 
the Old and New Worlds, how widely different are 
their living productions 1 

In the southern hemisphere, if we compare large 
track of land in Australia, South Afrioa, and western 
South America, between latitudes 25” and 35’, we shall 
find parts extremely similar in all their condiiions, yet 
it would not be possible to point out three faunas aud 
floras more utterly dissimilar. Or, again, we may com- 
pare the productions of South America south of lat. 
35” with those north of X0, which consequently are 
separated by a space of ten degrees of latitude, and are 
exposed to considerably different conditions; yet they 
are incomparably more cluaely related to each other 
than they are t.o the productions of Australia or Africa 
under nearly the same climate. Analogous facts could 
be given with respect to the inhabitants of the sea. 

A second great fact which strikes us in our general 
review ia, that barriers of any kind, or obstacles to 
free migration, are related in a close and important. 
manner to the differences between the productions cf 
various regions. We see this in the great difference 
in nearly all the terrestrial productions of the New 
and Old Worlds, excepting in the northern parts, where 
the laud almost joins, and where, uudcr a slightly 
Merent climate, there might have been free mi;;rtrtion 
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for the northern temperate forms, as there now is for 
the strictly arctic productious. We see the same fact 
in the great difl’erence between the inhabitants of 
Australia, Africa, and South America under the same 
latitude ; for these countries are almost as much isolated 
from each other as is possible. On each continent, 
also, we see the same fact; for on the opposite sides of 
lofty and continuous mountain-ranges, of great deserts 
and even of large rivers, we find different productions ; 
though aa mountnin-chains, deserts, &c., are not as 
impassable, or likely to have endured so long, as the 
oceans separating continents, the differences are very 
inferior in degree to those characteristic of distinct 
continents. 

Turning to the sea, we End the same law. Tile 
marine inhabitants of the eastern and western shores 
of South America are very distinct, with extremely 
few shells, crustacea, or echinodermata in common ; 
but Dr. Giinther has recently shown that about thirty 
per cent. of the fishes are the same on the opposite 
sides of the isthmus of Panama; and this fact has led 
naturalists to believe that the isthmus was formerly 
open. Westward of the shores of America, a wide 
space of open ocean extends, with not an island as a 
halting-place for emigrants; here we have a Lu~&K- of 
another kind, and as soon as this is passed we meet in 
the eastern islands of the Pacific with another and 
t&ally distinct fauna. SO that three marine faunas 
rAngo far northward and southward in parallel lines 
not far from each other, under correspomling climates ; 
but from being separated from each other by impass- 
allle barriers, either of land or open sea, they are almost 
wholly distinct. On the other hand, proceeding still 
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farther westward from the eastern islands of the tropical 
parts of the Pacific, we encounter no impassable barriers, 
and we have innumerable islands as halting-places, or 
continuous coasts, until, after travelling over a hemi- 
sphere, we come to the shores of Africa; and over this 
vast space we meet with no well-defined and distinct 
marine faunas. Although so few marine animals are 
common to the above-named three approximate faunas 
of Eastern and Western America and the eastern 
Pacific islands, yet many fishes range from the Pacific 
into the Indian Ocean, and many shells are common 
to the eastern islands of the Pacific and the eastern 
shores of Africa on almost exactly opposite meridians 
of lon&ude. 

A third great fact, partly included in the foregoing 
statement, is the affinity of the productions of the same 
continent or of the same sea, though the species them- 
selves are distinct at different points and stations. It 
is a law of the widest generality, and every continent 
offers innumerable instances. Nevertheless the natural- 
ist, in travelliq, for instance, from north to south, 
never fails to be struck by the manner in which suc- 
cessive groups nf beings, specifically distinct,, thnugh 
nearly related, replace each other. He hears from 
closely allied, yet distinct kinds of birds, notes nearly 
similar, and sees their nests similarly constructed, but 
not quite alike, with e,, 0~s coloured in nearly t,he same 
manner. The plains near the Straits of Magellan are 
inhabited by one species of Rhea (American ostrich) 
and northward the plains of La Plats by another specie 
of the same genus; and not by a true ostrich or emu, 
like those inhabiting Africa and Australia under the 
Earno latitude. these same pla.ins of La Plats we 
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see the agouti and bizcacha, animals having nearly 
the same habits as our hares and rabbits, and belonging 
to the same order of Rodents, but they plainly display 
an American type of structure. We axend the lofty 
llea,ks of the C‘ordillera, and we find an alpine species 
uf bizcacha; we look to the waters, and we do not find 
the beaver or musk-rat, but the coypu and cnpybsra, 
rodents of the S. American type. Innumerable other 
instances could be given. If we look to the islands off 
the American shore, however much they may differ in 
geological structure, the inhabitants are essentially 
American, though they may be all peculiar species. 
We may look back to past ages, as shown in the last 
chapter, and we find American types then prevarlmg 
on the American continent and in the American seas. 
We see in these facts wme Jeep oqauic bond, thou& 
out space and time, over the same areas of land and 
water, independently of physical conditions. The 
natumlist must be dull who is not led to inquire what 
this hid is. 

The bond is simply inheritance, that cause which 
alone, as far as WC positively know, produces organisms 
quite like each other, or, as we see in the case of 
varieties, nearly alike. The dissimilarity of the in- 
habitants of diffe.rent regions may be attributed to 
modification through variation and natural selection, 
and probably in a subordinate degree to the definite 
influence of different physical conditions. The degrees 
of dissimilarity will depend on the migration of the 
more dominant forms of life from one region into 
another having been more or less effectually prevented, 
at periods more or less remote ;-on the nature and 
number of the former immigrants ;-and on the action 
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of the inhabitants on each other in leading to the 
preservation of different modifications ; the relation of 
organism to orgauism in the struggle for life being, as 
I have already often remarked, the most important of 
all relations. Thus the high importance of barriers 

wmes into play by checking migration ; as does time 
for the slow process of modification through natural 
selection. Widely-ranging species, abounding in in- 
dividuals, which have already triumphed over many 
competitors in their own widely-extended homes, will 
have the best chance of seizing on new places, when 
they Y~~WUI into new countries. In their new homes 
they will be exposed to new conditions, and will fre- 
quently undergo furtbor modification and improvement ; 

and thus they will become still further victorious, and 
will produce groups of modified descendants. On this 
principle of inheritance with modification we can under- 
stand how it is that sections of genera, whole genera, 
and even families, are confined to the same areas, as is 
so commonly and notoriously the case. 

There is no evidence, as was remarked in the last 
chapter, of t,he existence of any law of necessary 
develoymcnt. AS the variability of each species ie an 
independent property, and will be taken advantage of 
by natural selection, only so far as it profits each in- 
dividual in its complex struggle for life, so the amount 
of modification in different species will be no uniform 
quantity. If a number of species, after having long 
competed with each other in their old home, were to 
migrate in a body into a new and afterwards isolated 
country, they would be little liable to modification; for 
u&her migration nor isohtiun in themselveS eirect 

WJ thing. These principles come into play only by 
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bringing organisms into new relations with each ot,her 
and in a lesser degree with the surrounding physical 
conditions. As we have seen in the last chapter that 
some forms have retained nearly the same character 
from an enormously remote geological period, so certain 
species have migrated over vast spaces, and have not 
become greatly or at a11 modified. 

According to these views, it is obvious that the 
several species of the same genus, though inhabiting 
the most distant quarters of the world, must originally 
have proceeded from the same source, as they am 
descended from the same progenitor. In the case of 
those species which have undergone during whole geo- 
logical periods little modification, there is not much 
difficulty in believing that they have migrated from 
the same region ; for during the vast geogaphical anct 
climat.al changes which have supervened since ancient 
times, almost any amount of migration is possible. But 
in many other cases, in which we have reason to believe 
that the species of a genus have been produced within 
comparatively recent times, there is great difficulty on 
this head. It is also obvious that the individuals of 
the same species, though now inhabiting distant and 
isolated regions, must have proceeded from one spot, 
where their yarenls were first producecl: fvr, as has 
been explained, it is incredible that individuals iden- 
tically the same should have been produced from 
parents specifically distinct. 

Xingle centres of supposed creation.-We are t,hus 
brought to the question which hm been largely dis- 
cussed by naturalists, namely, whether species have 
been created at one or more po:ats of the earth’s sur- 
face. Undoubtedly there are many cases of extreme 
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difficulty in understanding how the same species could 
possibly have migrated from some one point to the 
several distant and isolated points, where uow found. 
Nevertheless the simplicity of the view that each 
species was first produced within a single region cap- 
tivates the mind. He who rejects it, rejects t,he veTa 
causa, of ordinary generation with subsequent migm- 
tion, and calls in the agency of a miracle. It is 
universally admitted, that in most cases the area in- 
habited by a species is continuous; and that when a 
plant or animal inhabits two points so distant from 
each other, or with an interval of such a WaLure, that 
the space could not have been easily passed over by 
migration, the fact is given as something remarldde 
and exception al. The kapacity of migrating across a 
wide RAR. is more clear in the case of terrestrial mam- 
mals than perhaps with any other organic beings; and, 
accordingly, we find no inexplicable instances of the 
same mammals inhabiting distant points of the world. 
No geologist feels any difficulty in Great Britain pos- 
sessing the same quadrupeds with the rest of Europe, 
for they were no doubt once united. But if the same 
species can be produced at two scparato points, why do 
we not find a single mammal common to Europe and 
Australia or South America ? The conditions of life 
are nearly the same, so that a multitude of European 
animals and plants have become naturalised in America 
and Australia; and some of the aboriginal plants are 
identically the same at these distant points of the 
northern and southern hemispheres ? The answer, as 
J believe, is, that mammals have not been able to 
migr&e, wherraau some plants, from their varied means 
of dispersal, have migrated across the wide aud broken 
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interspaces. The great and striking influence of barriers 
of all kinds, is intelligible only on the view that the 
gre& majority of species have been produced on one 
side, and have not been able to migrate to the opposite 
side. Some few families, many sub-families, very many 
genera, and a still greater number of sections of genera, 
are comined to a single region ; and it has been observed 
by several naturalists that the most natural genera, or 
those genera in which the species arc most closely 
related to each other, are generally confined to the 
same ccuntry. or if they have a wide range that their 
range is continuous. What a strange anomaly it would 
be, if a directly opposite rule were to prevail, when we 
go down one step lower in the series, namely, to the 
individuals of the same species, and these had not 
been, at least at first, confined to some one region ! 

Hence it seems to me, as it has to many other 
naturalists, that the view of each species having been 
produced in one area alone, and having subsequently 
migrated from that area as far as its powers of m&ration 
and subsistence under past and present conditions 
permitted, is the most probable. Undoubtedly many 
cases occur, in which we cannot explain how the same 
species could have passed from one point to the other. 
Uut the geographical and climatal changes which have 
certainly occurred within recent geological times, must 
have rendered discontinuous the formerly continuous 
range of many species. So that we are reduced to consider 
whether the exceptions to continuity of range are so 
numerous and of so grave a nature, that we ought to give 
up the belief, rendered probable by general considerations, 
that each species has been produced within one area, and 
has migrated thence as far as it could. It would be 
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hopelessly tedious to discuss all the exceptional eases 
of the same species, now living at distant and separated 
poink, nor do I for a moment pretehd that any 
explanation could be offered of many instances. But, 
nftex some preliminary remarks, T mill discuss a few cf 
the most striking classes of facts ; namely, theexistence 
of the same species on the summits of distant mountain 
ranges, and at distant points in the arctic and antarctic 
regions; and secondly (in the following chapter), t.he 
wide distribution of freshwater productions ; and thirdly, 
the occurrence of the same terrestrial species on islands 
and on &he nearest maiuland, thuugh separated by 
hundreds of miles of open sea. If the existence of the 
same spcoics at distant and isolated points of the earth’s 
surface, can in many instances be explained on the view 
of each species having migrated from a single birthplace ; 
t,hen, considering our ignorance with respect to former 
&natal and geographical changes and to the various 
occasional means of transport, the belief that a single 
birthplace is the law, seems to me incomparably the 
safest. 

In discussing this subject, we shall be enabled at the 
same time to consider a point equally important for us, 
namely, whether the several species of a genus which 
must on our theory all be descended from a common 
progenitor, can have mi,mted, undergoing modification 
during their m&ation, from some one area. If, when 
most of the species inhabiting one region are different 
from those of another region, though closely allied to 
them, it can be shown that migration from the one region 
to the other has probably occurred at some former period, 
our general view will bc much strengthened; for tllo 
explanation is obvious on the principle of descent with 
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modification. A volcanic island, for instance, upheaved 
and formed at the distance of a few hundreds of miles 
from a continent, would probably receive from it in the 
course of time a few colonists, and their descendants, 
$hough morlified, would still be related by inheritance to 
the inhabitants of that continent. Cases of this nature 
are common, and are, as we shall hereafter see, inexplic- 
able on the theory of independent creation. This view 
of the relation of the species of one region to those of 
another, does not differ much from that advanced by Mr. 
Wallace, who concludes that ” every species haa come 
into existence coincident both in space and time with a 
pre-existing closely allied species.” And it is now well 
known that he attributes this coincidence to descent with 
modification. 

The qllestion of si.n=;le or multiple centres of crtzatiion 
differs from another though allied question,-namely, 
whether all the individuals of the same species are 
descended from a single pair, or single hermaphrodite, or 
whether, as some authors suppose, from many individuals 
simultaneously created. With orgaG beings which 
never intercross, if such exist, each species must be de- 
scended from a succession of modified varieties, that 
have suppIanted each other, but have never blended with 
other individuals or varieties UP Lhe same species ; so that, 
at each successive stage of modification, all the individuals 
of the same form will be descended from asingleparent. 
But in the great majority of cases, namely, with all 
organisma which habitually unite for each birth, or which 
occasionally intercross, the individuals of the same 
species inhabiting the same area wiU be kept nearly 
uniform by inter crossing ; EO that many individuals d 
go on simultaneously chan,$ng, and the whole amount 

33 
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af modification at each stage will not be clue to descent 
from a single parent. To illustrate what I mean : our 
Engli~rh race-horses differ from the horacs of every 
other breed; but tbcy do not owe their difference and 
superiority to descent from my single pair, but TV 

continued care in the selecting and training of many 
individuals during each generation. 

Before discussing the three classes of facts, which I 
have selected a.~ presenting the greatest amount of 
difficulty on the theory of ir single centres of creation,’ 
I must say a fow words on the means of dispersal 

Means of Dtiper~al. 

Sir C. Lye11 and other authors have ably treated 
this subject. I can give here only the briefest abstract 
of the more ilnporta.nt facts. Change of climate must 
have had a powerful influence on migration. A region 
now impassable to certain organisms from the nature of 
its climate, might have been a high road for migrat,ion, 
when the climate was different. I shall, however, 
presently have to discuss this brmch of the subject in 
some detail. Changes of level in the land must also 
have been highly illllucntial; a narrow isthmus now 
separates two marine faunas; submerge it, or let it 
formerly have been submerged, and thr? two faunas will 
now blend together, or may formerly have blended. 
Where the sea now extends, land may at a former period 
have connected islands or possibly even continents to- 
gether, and thus ha& allowed terrestrial productions to 
pass from ons to the other. No geologist disputes that 
great, mutations of level have occurred within the period 
of existing organisms. Edward Forbes Lx&ted that Ru 
the islands in the Atlantic must have been recently 
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connected with Europe or Africa, and Europe likewise 
with America. Other authors have thus hypothetically 
bridged over every ocean, and united almost every isIand 
with some mainland. If indeed the arguments used by 
E’orbes are to be t.rusted, it must be admitted that 
scnrceIy a single island exists which has not recently 
been united to some continent. This view cuts the 
Gordian knot of the dispersal of the same species to the 
mast distant points, and removes many a difficulty ; but 
to the best of my judgment we are not autborised in 
admitting such enormous geographical chanzcs within 
the period of existing species. It seems to me that we 
have abundant evidence of great oscillations in the level 
of the land or sea ; but not of such vast changes in the 
position and extension of our oominents, as to have united 
them within the recent period to each other and to the 
several intervening oceanic islands. I freely admit the 
former existence of many islands, now buried beneath 
the sea, w1lic.h may have served as halt,ing-places for 
pJnnts 2nd for many animals during their migration. In 
the coral-prodncin, (r oceans such sunken isIands are now 
marked by rings of coral or atolIs standing over them. 
Whenever it is fully admitted, as it will some day be, t.hat 
each species has proceeded from a single birthplace, and 
when in the course of time we know sometlnng delinite 
about the means of distribution, we shall be enabled 
to speculate with security on the former extension of the 
land. But I do not believe that it will ever be proved 
ibat within tho recent period most of our continents 
which ROW stand quite separate, have been continuously, 
or almost continuously united with each other, and with 
the many existing oceanic islands. Several facts in 
distribution,- -such as the great difference in the marine 
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faunas on the opposite sides of almost every continent, 
-the close relation of the tertiary inhabitants of several 
lands and even seas to their present inhabitants,-the 
degree of aQinity between the mammals inhabiting 
islands with those of the nearest continent, being in 
part determined (as we shall hereafter see) by the depth 
of the intervening ocean,-these and other such facts are 
opposed to the admission of such prodigious geographical 
revolutions within the recent period, as are necessary 
on. the view advanced by Forbes and admitted by his 
followers. The nature and relative proportions of the 
inhabit,ants of oceanic islands are likewise opposed to the 
belief of their former continuity with cont,inents. Nor 
does the &I:UYL universally volcanic composition of such 
islands favour the admission that they are the wrecks of 
sunlrcn continents ;-if they had originally existed as 
continental mountain ranges, some at least of the islands 
would have been formed, like other mountain summits, 
of granite, metamorphic schists, old fossiliferous and 
other rocks, instead of consisting of mere piles of volcanic 
matter. 

I must now say a few words on what are called 
accidental means, but which more yruyerly should be 
called occasional means of distribution. I shall here 
confine myself to plants. In botanical works, t,his or 
that plant is often stated to be ill adapted for wide 
dissemination ; but the greater or less facilities for 
transport across the sea may be said to be almost wholly 
unknown. Until I tried, with Mr. Berkeley’s aid, a few 
experimcntc, it was not even known how far seeds could 
resist the injurious action of sea-water. To my surprise 
1 found that out of 87 kinds, 64 germins&d after an 
immersion of 28 days, and a few survived an immersion 
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of 137 days, It deserves notice that certain orders were 
far more injured than others: nine Leguminosae were 
tried, and, with one exception, they resisted the salt-water 
badly ; seven species of the allied orders, Hydrophyllaceze 
and Polemoniaceae, were all killed by a month’s im- 
mersion. For convenience’ sake I chiefly tried small 
seeds without the capsule or fruit ; and as all of these 
sank in a few days they could not have been floated 
across wide spaces of the sea, whether or not they wert: 
injured by the salt-water. Afterwards I tried some larger 
fruik, capsules, Bc., and some of these floated for a long 
time. It is well known what a difference there is in the 
buoyancy of green and seasoned timber ; and it occurred 
to me that floods would often wash into the sea dried 
plants or branches with seed-capsules or fruit attached 
to them. Hence I was led to dry the stems and branches 
of 94 plannts with ripe fruit, and to place them on sea- 
water. !lYhc majority Clank quickly, but some which, 
whilst green, floated for a very short time, when dried 
floated lnucl-I longer ; for instance, ripe haecl nuts sank 
immediately, but when dried they floated for 90 days, 
and afterwards when planted germinated ; an asparagus- 
plant with ripe berries floated for 23 days, when dried it 
floated for 85 days, and the seeds afterwards germinated ; 
the ripe seeds of Helosciadium sank in two days, wheu 
dried they floated for above 90 days, and afterwards 
germinated. Altogether, out of the 94 dried plants, 18 
floated for above 28 days ; and some of the IS floated 
for a very much longer period. So that as 84 kinds of 
seeds germinated after an immersion of 28 days; and as 
42 rlistinct species with ripe fruit (hut not all the same 
species as in the foregoing experiment) floated, after 
being dried, for above 28 days, we may conclude, as far 
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M anything can be inferred from these scanty facts, that 
the seeds of&& kinds of plants of any country might ba 
floated by sea-currents during 28 days, and would IP 
tain their power of germination. In Johnston’s Physical 
Atlas, ihe average rate of the several Atlantio murents 

is 33 miles per diem (some currents running at the rata 
of GO miles per diem) ; on this average, t.ho seeds of r]o$ 
plants belonging to one country might be floated across 
924 miles of sea to another country, and when stranded, 
if blown by an inland gale to a favourahle spot, would 
germinate. 

Subsequently to my experiments, M. Msrtens tried 
similar ones, but in a much better manner, for he placed 
the seeds in B box in the actual sea, so that they were 
alternately wet and exposed to the air like really float- 
ing plants. Ho tried 98 seeds, mnstIy diRerent, from 
mine; but he chose many large fruits and likewise 
seeds from plants which live near the sea ; and this 
would have favoured both the average length of their 
flotation and their resistance to the injurious action of 
the salt-water. On the other hand, he did not pre- 
viously dry the plants or branches with the fruit; and 
this, aa we have seen, would have caused some of them 
to have floated much longer. The result was that 48 of 
his seeds of different kinds floated for 42 days, and were 
then capable of germination. But I do not doubt that 
plants exposed to the waves would float for a less time 
than those protected from violent movcrueut as in our 
esperiments. Therefore it would perhaps be safer to 
assume that the seeds of about ,l$o plants of a flora, 
after having been dried, could bc bloated across a space 
of sea 900 miles in width, and would then germiuaLtl 
The fact of the larger hits often floating longer than 
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the small, is interesting ; as plants with large seeds 01 
fruit which, as Alph. de Candolle has shown, generally 
have restricted ranges, could hardly be transported by 
any other means. 

Seeds may be occasionally transported in another 
manner. Drift timber is thrown up on most islands, 
even on those in the midst of the widest oceans ; and 
the natives of the coral-islands in the Yacific procure 
stones for their tools, solely from the roots of drifted 
trees, these stones being a valuable royal tax. I find 
that when irreTllarly shaped stones are embedded in 
the roots of trees, small parcels of earth are frequently 
enclosed in their interstices and behind them,-so 
perfectly that not a particle could be washed away 
during the longest transport: out of one small portion 
of earth thus cont$otcQ enclosed by the roots of au 
oak about 50 years old, three dicotyledonous plants 
gcrminatcd: I am certain of the accuracy of this obser- 
vation. Again, I can show that the carcases of birds, 
when floating on tile RRZ, snmetimes escape being im- 
mediately devoured: and many kintls of seeds in the 
crops of floating birds long retain their vitality: peas 
and vetches, for instance, are killed by even a few days’ 
immersion in sea-water ; but some taken out of the 
crol) of a pigeon, vfbiclz had floated on artificial sea- 
wrtcr for 30 days, to my surprise nearly all germinated. 

Living birds can hardly fail to be highly effective 
agents in the transportation of seeds. I could give 
many fircts showing how frequently birds of many kinds 
are blown by gales to vast distances across the ocean. 
WC may safelv assume that under sncb circumstances 
their rate of flight wo~~ld often be 3.5 miles an hour; 
and some authors have given a far higher estimate. I 
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have never seen an instance of nutritious seeds passing 
through the intestines of a bird ; but hard seeds of fruit 
pass uuiujured through even the digestive organs of a 
turkey. In the course of two months, I picked up in 
my g&en 12 kinds of seeds, out of the excrement of 
small birds, and these seemed perfect, and some of 
them, which were t.ried, germinated. But the following 
fact is more important: the crops of birds do not secrete 
gastric juice, and do not, as I know by trial, injure in 
the least the germination of seeds ; now, after a bird 
has found and devoured a large supply of food, it is 
positively asserted that all the grains do mt pass into 
t,he gizzard for twelve or even eqhteen hours. A bird 
in this interval might easily be blown to the distance 
of 500 miles, and hawks are known to look out for tired 
birds, and the contents of their torn crops might thus 
readily get scattered. Some hawks and owls bolt their 
prey whole, and, after an interval of from twelve to 
twenty hours, disgorge pellets, which, as I know from 
experiments made in the Zoological Gardens, include 
seeds capable of germination. Some seeds of the oat 
wheat, millet, canary, hemp, clover, and beet germinated 
after having been from twelve to twenty-one hours 
in the stomachs of different birds of prey ; and two 
seeds of beet grew after having been thus retained 
for two days and fourteen hours. Fresh-water fisb, I 
find, eat seeds of many land and water plams ; fish are 
frequently devoured by birds, and t,hus the seeds might 
be transported from place to place. I forced many 
kinds of seeds into the stomachs of dead fish, and then 
gave their bodies to fishing-eagles, storks, and pelicans ; 
these birds, after au interval of many hours, either 
reject& the seeds in pellets or passed them in their 
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excrement; and several of these seeds retained the 
power of germination. Certain seeds, however, were 
always killed by this process. 

Locusts are sometimes blown to great distances from 
the land ; I myself caught one 370 miles from bhe coast 
of Africa, and have heard of others caught at greater dis- 
tances. The Rev. R. T. Lowe informed Sir C. Lye11 that 
in November 1844 swarms of locusts visited the island 
of Madeira. They were in countless numbers, as thick 
aa the flakes of snow in the heaviest anowatorm, and 
‘extended upwards as far as could be seen with a tele- 
scope. During two or three days they slowly careered 
round and round in an immense ellipse, at least five or 
six miles in diameter, and at night alighted on the 
taller trees, which were completely coated with them. 
They then disappeared over the sea, aa suddenly aa they 
had appeared, and have not since visited the island. 
Now, in parts of Natal it is believed by aome farmers, 
though on insufficient evidence, that injurious seeds are 
introduced into their grass-land in the dung left by the 
great flights of locusts which oft.en visit that country. In 
consequence of this belief Mr. WeaIe sent me in a letter a 
small packet of the dried pellets, out of which I extracted 
under the microscope several seeds, and raised from 
them aeven grass plants, belonging to two species, of 
two genera. Hence a swarm of locusts, such as that 
which visit,ed Madeira, might readily be the moans of 
iutroducing several kinds of plants into an island lying 
far from the mainland. 

Although the beaks and feet of birds are generally 
clean, earth sometimes adheres to them: in one case I 
removed sixty-one grains, and in another case twenty-two 
grains of dry argillaceous earth from t,he foot of a part- 
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ridge, and in t,he earth thel-e was a pebble as large as 
the seed of a vetch. Here is a better case : the leg of a 
woodcoolz wns sent to me by a friend, with a little crrku 
of dry earth attached to the shank, weighing only nine 
grains ; and this contained a seed of the toad-rush 
(Juncus bufonius) which germinated and flowered. 35r. 
Swaysland, of Brighton, who during the last forty years 
has paid close attention to our migratory birds, informs 
me that he has oft,en shot wagtails (Motacillz), wheat- 
ears, and whinehats (SaxicolE), on their first arrival on 
our shores, before they had alighted ; and he has several 
times noticed little cakes of earth attached lo their feet. 
Many facts could be given showing how generally soil 
is fhny~l with snds. For instance, Prof. Kewton sent 
me the leg of a red-legged partridge (Caccabis rufa) 
which had been wounded and could not fly, with a ball 
of hard earth adhering to it, and weighing six and a half 
ounces. The earth had been kept for three years, but 
when broken, 1vatere.d and placed under a bell glass, 
no less t,han 52 plants sprung from it : these consisted 
of 12 mouocotyledrr~q inr;lurlirls the common oat, and 
at least one kind of grass, and of 70 dicotyledons, which 
consisted,. judging from the young leaves, of at least 
three distinct species. With such facts before us, cnn 
we doubt that the many birds which are annually 
blown by gales across great spaces of ocean, and 
which annually migrate-for instance, the millions of 
qxails across the Meditermnean--must occasionally 
transport a few seeds embedded in dirt adhering to 
their feet or beaks ? But I shall have to recur to this 
subject. 

As icebergs ax-0 known to bo aometimes loaded with 
earth and stones, and have even carried hrushwood, 
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bones, and the nest of a land-bird, it can hardly be 
doubted that they must occasionally, as suggested by 
Lyell, have transported seeds from one part to another 
of the arctic arid antarctic regions; and during the 
Glacial period from one part of the now temperato 
regions to another. In the Azores, from the large 
number of plants common to Europe, in compnrison 
wii,h the species on the other islands of the Atlantic, 
which stand uearer t,o the maiuland, and (as remarked 
by 31r. II. C. Watson) from their somewhat northern 
character in comparison with the latitude, I suspected 
that these islands had been partly stocked by ice-borne 
seeds, during the Glacial epoch. At my request Sir C. 
Lye11 wrote to M. Hartung to inquire whether he had 
observed erratic boulders on these islands, and he 
answered that he had found large fragments of granite 

and other rocks, which do not occur in the archipelago. 
Hence we may safely infer that icebergs formerly 
landed their rocky burthens on the shores of these 
mid-ocean islands, and it is at least possible that they 
may have brought thither some few seeds of northern 
plants. 

Considering that these several means of transport, 
and that other means, which without doubt remain to 
be discovered, have been in actiou year :tTler fear for 
tens of thousands of years, it would, I tbiuk, be a 
nnxrvcllons fact if many plants had not thus become 
widely transported. These means of transport are 
aometimcs called accidental, but this is not strictly 
torrent : the currents of t,he sea are not accidental, nor 
is the direction of prevalent gales of wind. It should 
be observed that scarcely any means of transport would 
carry seeds for very great distances : for set& do not 
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retain their vitality when exposed for a great length of 
time to the action of sea-water ; nor could they be long 
carried in the crops or intestines of birds. These 
means, however, would suffice for occasional transport 
across tracts of sea some hundred miles in hreadtl~, or 

from island to island, or from a continent to a neigh- 
bouring island, but not from one distant continent to 
another. The floras of distant continents would not by 
such means become mingled; but would remain as 
distinct as they now are. The currents, from their 
course, would never bring seeds from North America to 
Britain, though they might and du bring seeds from 
the West Indies to our western shgres, where, if not 
killed by their very long immersion in salt water, they 
could not endure our climate. Almost every year, one 
or two land-birds are blown across the whole Atlantic 
Ocean, from North America to the western shores of 
Ireland and England; but seeds could be transported 
by these rare wanderers only by one means, namely, by 
dirt adhering to their feet or beaks, which is in itself a 
rare accident. Even in this case, how small would be 
the chance of a seed falling on favourable soil, and 
cuming to maturity ! But it would bc o great error to 
argue that because a well-stocked islana, like Great 
Eritain, has not,, as far as is knnwn (and it would be 
very difficult t,o prove this), received within the last 
few centuries, through occasional means of transport, 
immigrants from Europe or any ot.her continent, that a 
poorly-stocked island, though standing more remote 
from the mainland, would not receive colonists by simi- 
lar means. Out of a hundred kinds of seeds oianimals 
transported to au island, eveu if far less well-stocked 
than &it&q perhaps not more than one would be so 
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well fitted to it+3 new home, as to become naturalised 
But this is no valid argument against what would be 
effected by occasional means of transport, during the 
long lapse of geological time, whilst the island was 
being upheaved, and before it had become fully stock4 
with inhabitants. On almost bare land, with few or no 
destructive insects or birds living there, nearly every 
seed which chanced to arrive, if fitted for the climate, 
would germinats and survive. 

Dispersal during the Glacial Period. 

The identity of many plants and animals, on moun- 
fain-sumIpits, separated from each other by hundreds 
of miles of lowlands, where Alpine species could not 
possibly exist, is one of the most striking cases known 
of the same species living at distant points, without 
the apparent possibility of their having migrated from 
one point to the other. It is indeed a remarkable fact 
to see so many plants of the same species living on the 
snowy regions of the Alps or Pyrenees, and in the 
extreme northern parts of Europe ; but it is far more 
remarkable, that the plants on the White Mountains, in 
the United States of America, are all the same with 
those of Labrador, and nearly all the same, as we hear 
from Asa Gray, with those on the loftiest mountains 
of Europe. Even as long ago as 174’7, such fac& led 
Gmelin to conclude that the same species must have 
ken independently created at many distinct points ; 
end we might have remained in i%is same belief, had 
not Agassiz and others called vivid attention to the 
Glacial period, which, M we shall immediately oee, 
affords a simple explanation of these facts. We have 
evidence of almost overy conceivable kind, organic and 
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inorganic, that, within a very recent geological period, 
central Europe and North America suffered under an 
arctic climate. The ruins of a house burnt by fire do 
not tell their tale more plainly than do the mountains 
of Scotland and Wales, with their scored flanks, polished 
surfaces, and perched boulders, of the icy streams with 
which their valleys were lately filled. So greatly has 
the climate of Europe changed, that in Northern Italy, 
gigantic moraines, left by old glaciers, are now clothed 
by the vine and maize. Throughout a large part of the 
United States, erratic boulders and scored rocks plainly 
rexcal a former cold period. 

The former influence of the glacial climate on the dis- 
tribution of the inhabitants of &rope, as explained by 
Edward Forbes, is substantially <W follows. Llut we shall 
follow the changes more readily, by supposing a new 
glacial period slowly to came on, and then pass away, 
as formerly occurred. As the cold came on, and as each 
more southern zone became fitted for the inhabitants of 
the north, these would take the places of the former 
inhabitants of the temperate regions. The latter, at 
the same time, would travel further and further south- 
ward, unless they were stopped by harriers, in which 
case they would perish. The mountains would become 
covered with snow and ice, and their former Alpine 
inhabitants would descend to the plains. By the time 
that the cold had reached its maximum, we should have 
an arctic fauna and flora, covering the central parts of 
Europe, as far south as the Alps and Pyrenees, and even 
stretching into Spain. The now temperate regions of 
the United states would likewise be covered by arctic 
plants and animals and these wauld he nearly the saxne 

with 9.m~ of Europe; for the present circumpola,r 
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inhabitants, which we suppose to have everywhere tra- 
velIed soutbward, are remarkably uniform round the 
world. 

As the warmth returned, the arctic forms wculd 
retreat n~rthwnrd, closely followed up in their retreat 
by the J~rotlnctions of the more temperate regions. 
And as the snow melted from the bases of the moun- 
tains, the arctic forms would seize on the cleared and 
thawed ground, always ascending, as the warmth iu- 
creased and the snow still further disappeared, higher 
and higher, whilst their brethren were pursuing their 
northern journey. Hence, when the warmth had fully 
returned, the same species, which had lately lived 
tugether on the European and North American low- 
lands, would again be found in the arctic regions of the 
Old and New Worlds, and on many isolitt-4 ruuuntain- 
summits far distant, from each other. 

Thus we can understand the identity of many plants 
at points so immensely remote a8 the mountains of tile 
United States and those of Europe. We can thus also 
understand the fact that the Alpine plants of each 
mountain-range are more especially related to the arctic 
forms living due north or nearly due north of them : 
for the first migration when the cold came on, and the 
ra-+@iuu on the returniu$r warruLh, would generally 
have been due south and north. The Alpine plauts, 
for example, of Scotland, as remarked by Mr. .El. C. 
Watson, and those of the l’yrenees, as remarked by 
Ilqmond, are more especially allied to the plants of 
northern Scandinavia ; those of the United States to 
L LLl&or ; thu: e of the mountains of Siberia to the 
arctic regio1.s of that country. These views, grounded 
aa they are on the perfectly well-ascertained Occurrence 
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of a former Glacial period, seem to me to explain in so 
satisfactory a manner the present distribution of the 
Alpine and Arotio produotions of Europe and borica, 
that when in other regions we find the same specie! 
on distant mountain-summits, we may almost wnclude, 
without other evidence, that a colder climate formerly 
permitted their migration across the intervening low- 
lands, now become too warm for their existence. 

As the arctic forms moved first southward and after- 
wards backwards ta the north, in unison with the 
changing climate, they will not have been exposed 
during their long migrations to any great diversity of 
temperature ; and as they all migrated in a body to- 
gether, their mnt,nal d&inns will nnt have heen much 

disturbed. Hence, in accordance with the principles 
inculcated in this volume, these forms will not have 
been liable to much modification. But with the Alpine 
productions, left isolated from the moment of the re- 
turning warmth, first at the bases and ultimately on 
the summits of the mountains, the case will llave been 
somewhat different ; for it is not likely that all the same 
arctic species mill have been left on mountain-ranges far 
distant from each other, and have survived there ever 
since; they will also in all probability, have become 
mingled with ancient Alpine species, which must have 
existed on the mountains before the commencement of the 
Glacial epoch, and which during the coldest period will 
have been temporarily driven down to the plains ; they 
will, also, have been subsequently exposed to somewhat 
different &natal influences. Their mutual relations 
will thus have been in some degree disturbed ; conse- 
quently they will have been liable to modification ; and 
they have been modified ; for if we compare the present, 
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Alpine plants and animals of the several great Euro- 
pean mountain-ranges one with another, though many 
of the dpecies remain identically the same, some exiLt 
as varieties, some aa doulbtful forms or sub-species, and 
nome as distinct yet closely allied species repressnting 
each other on the several ranges. 

In the. foregoing illustration I have assumed that at 
the commencement of our imaginary Glacial period, 
the arctic productions wcr‘c as uniform round the polar 
regions as they are at the present day. But it is also 
necessary to assume tl~at many sub-arctic and some 
few temperate forms were the same round the world, 
for some of the species which now exist on the lower 
mountain-slopes and on the plains of Nort,h America 
and Europe are the same ; and it may he asked how I 
account for this degree of uniformity in the sub-arctic 
and temperate forms round the world, at the commence- 
ment of the real Glacial period. At the present day, the 
sub-arctic and nort.hern temperate productions of the Old 
and New Worlds are separated from each otler by tile 
whole Atlantic Ocean and by the northern part of the 
Pacific. During the Glacial period, when the inhabitants 
of the Old and New Worlds lived farther southwards 
t,han they do at present, they must have been still more 
completely separated from each other by wider spaces 
of ocean ; so that it may well be asked how the same 
species could then or previously have entered the two 
contiuents. The explanation, I believe, lies in the 
nature of the climate before the commencement of the 
(ilacial period. At this, the newer Pliocene period, the 
mnjority of the inhabitants of the world were specify- 
&ly the same as now, and we have good’ reason t,o he- 
lieve that the climate was warmer than at the present 

30 



756 DISPERSAL DURING LCW. XII. 

day. Hence we may suppose that the organisms which 
now live under latitude 60°, lived during the Pliocene 
period farther nuhh under t,he Polar Circle, in lutitudo 
66”-67’; and that the present arctic productions then 
lived on the broken land still nemsr to t,he pole. NOW, 
if we look at a terrestrial globe, we see under the Polar 
Circle that there is almost continuous land from wes- 
tern Europe, through Siberia, to eastern America. And 
this continuity of the circumpolar land, with the con- 
sequent freedom under a more favourable climate for in- 
term&ration, will account for the supposed uniformity of 
the sub-arctic and ternpen& prucluctiuns of t.he Old and 
New Worlds, at a period anterior to the Glacial epoch. 

Believingr, from reasons before alIuded to, that our 
continents have long remained in nearly the same 
reln.t.ive position, though sub.jected to great oscillations 
of level, I am strongly inclined to extend the above 
view, and to infer that during some still earlier and 
still warmer period, such as the older Pliocene period, 
a large number of the same plants and animals in- 
habited the almost continuous circumpolar Ittnd; old 
that these plants and animals, bot,h in the Old and 
New Worlds, bcga.n slowly to migrate southwards as 
the climate became less warm, long before the com- 
mencement of the Glacial period. We now see, as 
I believe, their descendants, mostly in a modified con- 
dition, in the central parts of Europe and the United 
States. On this view we can understand bhe relation- 
ship with very little identity, between the productions 
of North America and Europe,-a relationship which is 
highly remarkable, considering the d&lance of the two 
areas, and their scparatiou by the whole Atlantic Ocean. 
We can further understand the singular fact remarked 
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on by several observers that the productions of Europe 
and America during the later tertiary stages were more 
closely related to each other than they are at the present 
time; for during these warmer periods the northern 
parts of the Old and New Worlds will have been 
almost continuously united by land, serving as a bridge, 
since rendered impassable by cold, for t.he intermigration 
of their inllabitants. 

During the slowly decreasing warmth of the Pliocene 
period, as soon as the species in common, which in- 
habited the New and Old Worlds, migrated south of 
the Polar Circle, they will have been completely cut off 
from each other. This separation, as far as the more 
temperate productions are concerned, must have taken 
place long ages ago. As the plants and animals mi- 
grated southwarcl, they will have become mingled in the 
one great region with the native American productions, 
and would have had to compete with them ; and in the 
other great region, with those of the Old World. Con- 
~q~ently we have here everything favourable for much 
modification,-for far more modification than with the 
Alpine productions, left isolated, within a mnch more 
recent period, 011 the several mountain-ranges and on 
the arctic lands of Europe and N. America. Hence it 
haa come, that when we compare the now living pro- 
ductions of the temperate regions of the Kew and Old 
Worlds, we find very few identical species (though Asa 
Gray has lately shown that more plants arc identical 
t,llan was formerly supposed), but we find in every 
grc;lt class many forms, which some naturalists rank ae 
geographical races, and others as distinct species; and 
a host of closely allied or representative forms which 
are ranked by all naturalists as specifically distinct. 
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As on the land, so in the waters of the sea, a slow 

southern migration of a marine fauna, which, during 
t,he Pliocene or even a somewhat earlier period, waa 
nearly uniform alon, cr the continuous shorei; of the Polar 
Circle, will account, on the theory of modification, fur 

many closely allied forms uow living in m:trine arcas 
completely sundered. Thus, I think, we can undcr- 
stand the presence of some closely allied, still existing 
and extinct tertiary forms, on the eastern and western 
shores of temperate North America ; and the still more 
striking fact of many closely allied crusta~?oana (as 
described in Dana’s admirable work), some fieh and 
other marine a~limals, inhabiting the Mediterranean 
and the seas of Japan,-these two areas being now 
completely separated by the breadth of a whole cou- 
tinent and by w-i& spaces uf ocean. 

These cases of close relationship in species either 
now or formerly inhabiting the seas on the eastern and 
western shorts of North America, the Mediterranean 
and Japan, and the temperate lands of Korth America 
aud Europe, arc inexplicable on the t,heory of creation. 
We cannot maintain that such species have been created 
alike, in correspondence with tho nearly similar physical 
condit,ions of the areas ; for if we compare, for instnnca, 
certain parts of South America with parts of South 
Africa or Australia., we see countries closely similar in 
all their physical conditions, with their inhabitants 
utterly dissimilar. 

Alternate Glacial Periods in tAe AT&h and South. 

But we must return to our more immediate subject,. 
1 am convinced that Forbes’s view may be largely 
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extended. In Europe we meet with the plainest 
evidence of the Glacial period, from the western shores 
of Britain to the Oural range, and southward to the 
Pyreneos. We may infer from the frozen mammals 
and nature of the mountain vegetation, that Siberia was 
similarly affected. In the Lebanon, according to Dr. 
Hooker, perpetual snow formerly covered the central 
axis, and fed glaciers which rolIed 4000 feet down the 
valleys. The same observer has recently found great 
moraines at a low level on the Atlas range in N. Africa. 
Along the Himalaya, at points 900 miles apart, glaciers 
have left the marks of their former low descent ; and 
in Sikkim, Dr. Hooker saw maize growing on ancient 
and gigantic moraines. Southward of the Asiatic con- 
tinent, on the opposite side of the equator, we know, 
from the excellent researches of Dr. J. Haast and Dr. 
Hector, that in New Zealand immense glaciers formerly 
descended to a low level ; and the same plants found 
by Dr. Hooker on widely separated mountains in this 
isl:xnd tell the Rarne story of a former cold period. 
From facts communicated to me by the Rev, W. B. 
Clarke, it appears also that there are traces of former 
glacial action on the mountains of t,he south-eastern 
corner of Australia 

Looking to America ; in the nort,hern half, ice-borne 
fragments of rock have been observed on the eastern 
side of the continent, as far south as lat. 3G’-3’7q and 
on the shores of the Pacific, where the climate is now 
so different, as far south as lat. 46’. Erratic boulders 
have, also, been noticed on the Rocky Mountains. In 
the Cordillera of South America, nearly under the 
equator, glaciers once extended far below t,hoir present 
IeveL In Central Chile I examined a vast mound of 
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detritus with great boulders, crossing the Portillo valley, 
which there can hardly be a doubt once formed a lqo 
moraine ; and Mr. D. Forbes informs me that he found 
in various par& of the Cordillera, from lat. 13” to 30” S., 
at about the height of 12,000 feet, deeply-furrowed 

rocks, resembling those with which he was familiar in 
Norway, and likewise great masses of detritus, includiug 
grooved pebbles. Along this whole space of the Cor- 
dillera true glaciers do not now exist even at much 
more considerable heights. Farther south on both sides 
of the continent, from lat. 41” to the aouthernmost 
extremity, we have the clearest evidence of former gla- 
cial action, in numerous immense boulders transported 
far from their parent source. 

From these several facts, namely from the glacial 
action having extended all round the northern and 

southern hemispheres-from the period having been in 
a geological sense recent in both hemispheres-from its 
having lasted in both during a great length of time, as 
may be inferred from the amount of work effectcd- 
and lastly from glaciers having recently descended to a 
low level along the whole line of the Cordillera, it at 
one time appeared to me that we could not avoid the 

conclusion that the temperature of the whole world 
had been simultaneously lowered during the Glncinl 

period. But now IMr. Crofl, in a series of admirable 
memoirs, has attempt.ed to show that a glacial con- 
dition of climate is the result of various physical causes, 
brought into operation by an increase in the eccentricity 
of the earth’s orbit. All these causes tend towards the 
same end ; but the most powerful appears to be tho 
indirect influence of the eccentricity of the orbit upon 
oceanic currents. According to Mr. Croll, cold periods 
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regularly recur every ten or fifteen thousand years ; and 
these at long intervals are extremely severe, owing to 
certain contingencies, of which the most important, as Sir 
C. Lye11 has shown, is the relative position of the land 
and water. &fr. Croll believes that Iht: 1d great Glacial 
period occurred about 240,000 years ago, and endured 
with slight alterations of climate for about 160,OGO 
years. With respect to more ancient Glacial periods, 
several geologists are convinced from direct evidence 
that such occurred during the Miocene and Eocene 
formations, not to mention still more ancient formations. 
But the most important result for us, arrived at by Mr. 
Croll, is that whenever the northern hemisphere passes 
through a cold period the temperature of Lbe southern 
hemisphere is actually raised, with the winters rendered 
much milder, chiefly through changes in the direction of 
the ocean-currents. So conversely it will be with the 
northern hemisphere, whilst the southern passes though 
a Glacial period. This conclusion throws so much light 
on geographical distribution that I am strongly inclined 
to trust in it; but I will first give the facts, which 
demand an explanation. 

In South America, Dr. Hooker has shown that 
besides many closely allied species, between forty and 
fifty of the fltnveriq plants of Tierra de1 Fucgo, forming 
no inconsiderable part of its scanty flora, are common 
to North America and Europe, enormously remote as 
these areas in opposite hemispheres are from each 
other. On the lofty mountains of equatorial America 
o host of peculiar species belonging to European 
genera occur. On the Organ mountains of Brazil, 
some few temperate European, some Antarctic, and 
Borne Andean genera were found by Gardner, which da 



162 ALTERNATE GLACIAL PERIODS [CBAP. XXI. 

not exist in t,he low intervening hot countries. On the 
Sills of Caraccas, the illustrious Humboldt long ago 
found spccics belonging to goncra charactwistio of fbe 
Cordillera. 

In Africa, several forms characteristic of Europe amI 
some few representatives of the flora of the Cape of 
Good Hope occur on the mountains of Abyssinia. At 
the Cape of Good Hope a very few European species, 
believed not to have been introduced by man, and on 
t,he mountains several representative European forms 
are found, which have not been discovered in the 
intertropical parts of Africa. Dr. Hooker has also 
lately shown that several of t,he plants living on the 
npper parts of t.he lofty island of Fernando PO and on 
the neighbowing Cameroon monntains, in the Gulf of 
Guinea, are closely related to t,hose on the mountains 
of Abyssinia, and likewise to those of temperate Europe. 
It now also appears, as I hear from Dr. IIooker, 
that some of t,hese same temperate plants ha.ve been 
discovered by the Rev. 1:. T. Lowe on the mountains of 
the Cape Verde islands. This extension of t.he same 
temperate forms, almost under the equator, across the 
whole cnnt,inent nf Africa. and t,n the mmmtains nf the 

Cape Verde archipelago, is one of the most astonishing 
facts ever recorded in the distribution of plants. 

On the Himalaya, and on the isolated mountWqin- 
ranges of the peninsula of India, on the heights of 
Ceylon, and on the volcanic cones of Java, many plants 
occur, either identically the same or representing eacll 
other, and at the same time representing pla.nts of 
Europe, not found in the intervening hot lowlands. 
A list of the genera of plants collect& on the loftier 
peaks of Java, raises a picture of a collection made on 
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a hillock in Europe ! Still more striking is the fact 
that peculiar Australian forms are represented by 
certain p1ant.s growing on the summits of the moun- 
tains of Borneo. Some of these Australian forms, ay I 
hear from Dr. Hooker, extend along the heights of the 
peninsula of Malacca, and are thinly scattered on the 
one hand over India, and on the other hand as far 
north as Japan. 

On the southern mountains of Australia, Dr. 
F. Miiller has discovered several European species ; 
other species, not introduced by man, occur on the 
lowlands ; and a long list can be given, as I am 
informed by Dr. Hooker, of European genera, found in 
Australia, but not in the intermediate torrid regions. 
In the admirable ‘Introduction to the Flora of New 
Zealand,’ by Dr. Hooker, analogous and striking facts 
are given in regard to the plants of that large island, 
Hence we see that certain plants growing on the more 
ldfty mountains of the tropics in all parts of the world, 
and on t,hn temperate plains of the north and south, are 
either the same species or varieties of t,he same species, 
It should, however, be observed that t,hese plants are 
not strictly arctic forms ; for, as -Mr. H. C. Watson 
has remarked, “ in receding from polar towards cqua- 
torial latitudes, the Alpine or mountain floras really 
become less and less Arctic.” Besides these identical 
and closely allied forms, many species inhabiting the 
same widely sundered areas, belong to genera not now 
found in the intermediate tropical lowlands. 

These brief remarks apply to plants alone ; but some 
few analogous facts could be given in regard to terres- 
trial animals. In marine productions, similar cases 
likewise occur ; a.3 an example, I may quote a statement 
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by the hi@& authority, Prof. Dana, that “it is cer- 
tainly a wonderful fact that New Zealand should have 
a closer resemblance in its crustacea to Great Britain, 
its antipode, than to any other part of the worlds” 
Sir J. Richardson, also, speaks of the reappearance on 
the shores of New Zealand, Tasmania, &c., of northern 
forms of fish. Dr. Hooker informs me that twenty-five 
species of A& are common to New Zealand and to 
Europe, but have not been found in the intermediate 
tropical seas. 

From the foregoing facts, namely, the presence of 
temperate forms on the highlands across the whole of 
equatorial Africa, and alon, 0 the Peninsula of India, to 
Ceylon and the Malay Archipcla,oo, and in a less well- 
marked manner across the wide expanse of tropical 
South America, it appears almost certain that at some 
former period, no doubt during the most severe part of 
a Glacial period, the lowlands of these great continents 
were everywhere tenanted under the equator by a con 
siderable number of temperate forms. At this period 
the equatorial climate at the level of the sea was pro- 
bably about the same with that now experienced at the 
height of from five to six thousand feet under the same 

latitude, or perhaps even rather cooler. During this, the 
coldwt period, the lowlands under the equator must 

have been clothed with a mingled tropical and temper- 
ate vegetation, like that described by Hooker as bgrowing 
luxuriantly at the height of from four to five thousand 
feet on the lower slopes of the Himalaya, but with 
perhaps a still greater preponderance of temperate 
forms. So again in the mountainous island of Fernando 
PO, in tile Gulf uf Guinea, Mr. Mann found temperate 

European forms beginning to appear at the height of 



ClfAP. SIX.] IN THE NORTH AND SOCTH. lG5 

ahout five thousand feet. On the mountains of Panama, 
at the height of only two thousand feet, Dr. Seemann 
found the vegetation like that of Mexico, “with forms 
of the torrid zone harmoniously blended with those of 
lhe temperate.” 

Now let us see whether Mr. Croll’s conclusion that 
when the northern hemisphere suffered from the extreme 
cold of the great Glacial period, the southern hemisphere 
was actually warmer, throws any clear light on the 
present apparently inexplicable distribution of various 
orgttllismn in the temperate parts of both hemispheres, 
and on the mountains of the tropics. The Glacial 
period, as measured by years, must have been very 
long ; and when we remember over what vast spaces 
some naturalised plants and animals have spread within 
a few centuries, this period will have been ample for 
any amount of migation. As the cold became more 
aud more intense, we know that Arctic forms invaded 
the temperate regions ; and, from the facts just given, 
there can hardly be a dI?nht that snme of the rn~e 
vigorous, dominant and witlest-spreading temperate 
forms invaded the equatorial lowlands. The inhn- 
hitants of these hot lowlands would at the same time 
have migrated to the tropical and subtropical regions 
of the south, for the southern hemisphere was at this 
period warmer. On the decline of the Glacial period, 
as both hemispheres gradually recovered their former 
temperatures, the northern temperate forms living on 
th: lowlands under the equator, would have been driven 
to their former homes or have been destroyed, being re- 
placed by the equatorial forms returning from the south. 
Some, however, of the northern temperate forms would 
almost certainly have ascended any adjoining high land, 
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wliere, if suficiently lofty, they would have long sur- 
vived like the Arctic forms on the mountains of Europe. 
They might have survived, even if the climate was not 

perfectly fitted for them, for the change of temperature 
must have been very slow, and plants undoubtedIy 

possess a certain capacity for acclimatisation, as shown 
by their transmitting to their offspring different con- 
stitutional powers of resisting heat and cold. 

In the regular course of events the southern hemi- 
sphere would in its turn be subjected to a severe Glacial 
period, with the northern hemisphere rendered warmer ; 
and then the southeru te~npm.te forms would invade 
the equatorial lowlands. The northern forms which 
bad before been left on the mountains would now 

descend and mingle with the southern forms. These 
latter, when the warmth returned, would return to their 
former homes, leaving some few species on tho moun- 
tains, and carrying southward with them some of the 
northern temperate forms which had descended from 
tht:ir mountain fastnesses. Thus, we should have some 
few species identically the same in the northern and 
southern temperate zones and on themountains of the 
intcrmedinte tropical regions. But the species left 

during a long time on these mountains, or in opposite 
hemispheres, would have to compete with many new 
forms and would be exposed to somewhat different 
physical conditions ; hence they would he eminently 
liable to modification, and would generally now exist 

~JJ varieties or RS representative species ; and this is the 
case. We must, also, bear in miud the occurrence in 
both hemispheres of former Glacial periods ; for these 
will account, in aocordanoe with the eamo principles, for 

the many quite distinct species inhabiting the same 
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widely separated areas, and belonging to genera not now 
found in the intermediate torrid zones. 

It is a remarkable fact strongly insisted on by Hooker 
in regard to America, and by Alph. de Candolle iu 
regard to Australia, that many more identical or 
slightly modified species have migrated from the north 
to the south, than in a reversed direction, We see, 
however, a few southern forms on the mountains of 
Borneo and Abyssiuia. I suspect that this preponderant 
migration from the north to the south is due to the 
greater extent of lad in the nnrth, mil to the northern 
forms having existed in their own homes in greater 
numbers, and having consequently been advanced 
throu,nh natural selection and competition to a higher 
stage of perfection, or dominating power, than the 
southern forms. And thus, when the two sets became 
commingled in t,he equatorial regions, during the alter- 
nations of the Glacial periods, the northern forms were 
the more powerful and were able to hold t,heir places 
011 the mountnins, and afterwards t,n rnispde sonthw,ard 

with the southern forms; but not so the southern in 
regard to the northern forms. In ttic same manner at 
the present day, we see that very many European 
productions cover the ground in La I’lata, New Zealand, 
and to a lesser degree in Aust,ralia, and have beaten 
the natives; whereas extremely few southern forms 
have become naturalised in any part of the northern 
hemisphere, though hides, wool, and other objects likely 
to curry seeds have been largely imported into Europe 
during the last two or three centuries from La Plata 
and during the last forty or fifty years from Australia. 
The Neilgherrie mountains in India, however, offer a 
partial exception, * for here, as I hear from Dr. Hooker, 



168 ALTERNATE GLACIAL PERIODS [Carp. XII 

Australian forms are rapidly sowing themselves and 
becoming naturalised. Before the last great Glacial 
period, no doubt the intertropical mountains wers 

stocked with endemic Alpine forms; but these have 
almost evel*ywhere yielded t,o t11e mnre dominnnt fnnns 

generated in the larger areas and more efficient work- 
shops of the north. In many islands the native 
productions are nearly equalled, or even outnumbered, 
by those which have become naturalised ; and this is 
the first stage towards their extinction. Mountains are 
islands on the land, and their inhabitants have yielded 
Lo lJ10sc pruduced within the larger areas of the north, 
just in the same way as the inhabitants of real islands 
have everywltere yielded and arc still yielding to 
cont,inental forms naturalised through man’s agency. 

Tile same principles apply to the distribution of 
terrestrial animals and of marine productions, in the 
northern and southern temperate zones, and on the 
intert.ropical mountains. When, during the height of 
the Glacial period, the ocean-currents were widely 
different to what tlley now are, some of the inhabitants 
of the temper&e seas might have reached the equator ; of 
tllcEe a few would perhaps at once be able to migrate 

soutbward, by keeping to the cooler currents, whilst 
others might remain and survive in the colder depths 
until the southern hemisphere was in its turn subjected 
to a glacial climate and permitted their further progress ; 
in neally the same manner as, according to Folbcp, 
isolated spaces inhabited by Arctic productions exist to 
the present day in the deeper parts of the northern 
temperate seas. 

I am far from supposing that all the diffkulties in 

regard to the distribution and afinities of the identical 
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and allied species, which now live so widely separated 
in the north and south, and sometimes on the i.nteJ- 
mediate mountain-ranges, are removed on the views 
above given. The exact lines of migration cannot be 
indictited. We cannot say why certain species and not 
others have migrated ; why certain species have been 
modified and have given rise to new forms, whilst others 
have remaiued unaltered. We cannot hope to explain 
such facts, until we can say why one species and not 
another becomes naturalised by man’s agency in a 
foreign land ; why one species ranges twice or thrice as 
f;\r, and is twice or thrice as common, as another species 
within their own homes. 

Various special difficulties also remain to be solved ; 
for instance, the occurrence, as shown by Dr. IIooker, of 
the. same plant3 at points so enormously remote WI 
Kerguelen Land, New Zealand, and Fuegia ; but icebergs, 
as suggested by Lye& may have been concerned in their 
dispersal. The existence at these and other distant 
points of bhe southern hemisphere, of species, which, 
though distinct, belong to genera exclusively confined 
t,o the south, is a more remarkable case. Some of these 
species are so distinct, that we cannot suppose that there 
has been time since the commencement of the last 
Cilucial yerid fur their migmtiun and subsequent 
modification to the necessary degree. The facts seem to 
ir.&ate that distinct species belonging to the same 
genera have migrated in radiating lines from a common 
ccntre ; and I am inclined to look in t,he southern, as in 
t.he northern hemisphere, to a former and marmer period, 
before the commencement of the last Glacial period, 
when the Antarctic lands,now covered with ice, supported 
a highly peculiar and isolated flora. It may be suspected 
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that before this tlora was exterminated during the last 
Glacial epoch, a few forms had been already widely 
dispersed to variuus points of the soutlxrn hemisphcro 
by occasional means of transport, and by the aid 
as h&ing-p&es, of now snnken i&da. Thus the 
southern shores of America, Australia, and New Zealand 
may have become slightly tinted by the same peculiar 
forms of life. 

Sir C. Lyell in a striking passage has speculated, in 
language almost identical with mine, on the effects of 
great alterations of climate throughout the world on 
geographical distribution. Anil we have now seen that 
Mr. Croll’s conclusion that successive Glacial pericds in 
the one hemisphere coincide with warmer periods in the 
opposite hemisphere, together with the admission of the 
slow modification of species, explains a mult,itude of facts 
in the distribution of the same and of the allied forms 
of life in all parts of the globe. The living waters have 
flowed during one period from the north and during 
another from the south, and in both CRSCS have reached 
the equator; but the stream of lilac 1~1s fluwed wibh 
greater force from the north than in the oppositedirection. 
and haa consccluently more freely inunduted the south, 
As the tide leaves its drift in horizontal lines, rising 
higher on the shores where the tide rises highest, so have 
t.he living waters left their living drift on our mountain 
summits, in a line gently rising from the Arcticlowlnntls 
to a great altitude under the equator. The various 
being-s thus left stranded may be compared with savage 
races of man, driven up and surviving in the mountain 
fastnesses of almost every land, which serves as a record, 
full of interest to us, of the former inhabitants of the 
am-rounding lowlands. 
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CHAPTER XIII. 

GEOGRAPHICAL DISTEIBUTIOX-CO&ZZ&. 

Ditribution of fresh-wstcr productions-On the inhabitants of 
oceanic islat&-Absence of Batrachians and of terrestrial Mam- 
m&-On the relation of the inhabitants of i&nds to those of 
the nearest m;linland-Cn colonisatiou from the nearest e.owce 
with subsequent modiication-Summary of the last and present 
chapter. 

Frash-urater Product&m. 

As lakes and river-systems are separated from each 
other by barriers of land, it might have been thought 
that fresh-water productions would not have ranged 
widely within the same country, and a4 the sea is 
apparent.ly a still more formidable harrier, that they 
would never have extended to distant countries. But 
the case is exactly the reverse. Kot only have many 
fresh-water species, belonging to different classes, an 
enormous rouge, but allied species prevail in a 
remarkable manuer throughout the world. When first 
collecting in the fresh waters of Brazil, I well remember 
feeling much surprise at the similarity of the fresh- 
water insects, shells, kc., and at the dissimilarity of the 
surrounding terrestrial beings, compared with those ol 
Britain. 

But the wide ranging power of fresh-water productions 
can, I think, in most cases be explained by their having 
become fitted, in a manner highly nsefnl to them, for 

n7 
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Abort and frequent, migrations from pond to punll, uz 

from stream to stream, within their own cauntrics ; 
and liability tro wide Ciispersal would follow from this 
capacity as an almost necessary consequence. We c:uL 
hero consider only a few cases; of these, some of tho 
most difficult to explain are presented by fish. It was 
formerly believed that. the same fresh-water species 
never existed on two continents distant from each other. 
But Dr. Giinther has lately shown that the Gnlnxias 
attenuatus inhabits Tasmania, h’ew Zealand, the Falk- 
land Islands, and the mainland of South America. This 
is a wonderful uaue, and probably indicates dispersal 
from an gntarctic centre during a former warm period. 
This caac, however, is rendered in some degree less 
surprising by the species of this genus having the 
power of crossing by some unknown means considerable 
spaces of open ocean : thus there is one species common 
to New Zealand and to the Auckland Islands, though 
separated by a distance of about 230 miles. On the same 
continent fresh-water fish often range widely, and as if 
capriciously ; for in two adSjoining river-systems some of 
the species niay be the same, and some wholly diflerent. 

It is probable that they are occasionally transported 
by what may be called accidental means. Thus fishes 
still alive are not very rarely dropped at distant points 
by whirlwinds; and it is known that the ova retain 
their vitality for a considerable time after remov,al frcm 
the water. Their dispersal may, however, be mainly 
attributed to changes in the level of the land within tlm 
recent period, causing rivers to flow into each other. 
Instances, also, could be given of this having occurred 
during floods, without any change of level. The wide 
diflerence of the fish on the opposite sides of most 
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mountain-ranges, which are continuous, and which con- 
sequently must from an early period have completely 
prevented the inosculation of the river-systems on the 
two sides, leads to the same conclusion. Some fresh- 
water MI belong to very ancient forms, and in such cases 
there will have been ample time for great geographical 
changes, and consequently time and means for much 
mi~mtion. Moreover Dr. Gunther has recently been 
led by several considerations to infer that with fishes 
the same forms have a loug endurance. Salt-water fish 
can with care be slowly accustomed to live in fresh 

water ; and, according to Valeneiennes, there is hardly a 
single group of which all the members are confined to 
fresh water, so that a marine species belonging to a 
fresh-water group might travel far along the shores of 
the sea, and could, it is probable, become adapted 
without. much difEculty to the fresh waters of a distant 
land, 

Some species of fresh-water shells have very wide 
ranges, and allied species which, on our theory, are 

descended from a common parent, and must have pro- 
ceeded from a siu,nle source, prevail throughout tile 
world. Their distribution at first perplexed me much, 
as their ova are not likely to be t,ransported by birds ; 
nud the ova, as well as the adults, are immediately 
killed by sea-wat.er. I could not even understand how 
some nnturalised species have spread rapidly through- 
out the same country. But two facts, which I have 
observed-and many others no doubt will be discovered 
-throw some light on this sub,ject. When ducks 
suddenly emerge from a pond covered with duck-weed. 
T have twice seen these little plants adhering to their 
backs ; and it has happened to me, in removing a littlo 



174 FRILSH-WATER PRODUCTIONS. [CHAP. XIII 

duck-weed from one aquarium to another, that I have 
unintentionally stocked the one with fresh-water shells 
from the other. Uut another agency is perhaps mom 
effectual: I suspended the feet of a duck in an 
aquari UUI, where many ova of fresh-water she& were 
hatching ; and I found that numbers of the extremely 
minute and just-hatched shells crawled on the feet, and 
clung to them so firmly that when taken out of the 
water they could not be jarred off, though at a somewhat 
more advanced age they would voluntarily drop off. 
These just-hatched molluscs, though aquatic in their 
nature, survived on the duck’s feet, in damp air, from 
twelve to twenty hours ; and in this length of time a 
duck or heron might fly at least six or seven hundred 
miles, and if blown across the sea to an oceanic island, 
or fo ally other distant point, would be sure to alight ou 
a pool or rivulet. Sir Charles Lye11 informs me that a 
Dytiscus has been caught with an Ancylus (a fresh- 
water shell like a limpet) firmly adhering to it; and a 
water-beetle of the same family, a Colymhetes, once flew 
on board the ‘Beagle,’ when forty-five miles distant 
from the nearest land : how much farther it might have 
been blown by a favouring gale no one can tell 

With respect to plants, it has long been known what 
enormous ranges many fresh-water, and even marsh 
species, have, both over continents and to the most 
remote oceanic islands. This is strikingly illustrated. 
according to Alph. de Candolle, in those large groups of 
terrestrial plants, which have very few aquatic members ; 
for the latter seem immediately to acquire, as if in 
consequence, a wide range. I think favourable means 
of dispersal explain this fact. I have before mentioned 
that earth occasionally adheres in some quantity to the 



Calls. XIII.] FRESH-WATER PRODUCTIONS. 175 

feet and beaks of birds. Wading birds, which frequent 
the muddy edges of ponds, if suddenly flushed, would be 
the most likely to have muddy feet. Birds of this order 
wander more than those of any other; and they are 
occasionally fourd on the most remote and barren 
islands of the open ocean; they would not be likely to 
alight on the surface of the sea, so that any dirt on their 
feet would not be washed off; and when gaining the 
land, they would be sure to fly to their natural fresh- 
water haunts. I do not believe that botanists are 
aware how charged the mud of ponds is wit,11 seeds ; I 
have tried several little experiments, but will here give 
only the most striking case : I took in February three 
table-spoonfuls of mud from three different points, 
beneath water, on the edge of a little pond : this mud 
when dried weighed only 62 ounces; I kept it covered 
up in my study for six months, pulling up and counting 
each plant as it grew ; the plants were of many kinds, 
and were altogether 537 in number; and yet the viscid 
mid was all cnnt,ai~ferl in a hren.kfa.st,cup! Cnnnidering 

these facts, I think it would be an inexplicable cir- 
cumstance if water-birds did not transport the seeds 
of fresh-water plants to unstockcd ponds and streams, 
situated at very distant points. The same agency may 
have come into play with the eggs of some of the 
smaller fresh-water animals. 

Other and unknown agencies probably have also 
played a part. I have stated that fresh-water fish eat 
some kinds of seeds, though they reject many other 
kinds after having swallowed them ; even small fish 
swallow seeds of moderate size, as of the yellow water- 
lily and Potamogeton. IIerons and other birds, century 
after century, have gone on daily devouring fish; they 
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then take flight and go to other waters, or are blown 
across the sea ; and we have seen that seeds retain their 
power of germination, when rejected many hours after- 
wards in pellets or in the excrement. When I saw 
the great size of the seeds of that fino water-lily, 

the Nelumbium, and remembered Alph. de Candolle’a 
remarks on the distribution of this plant, I thought thal; 
the means of its dispersal must remain inexplicable ; 
but Audubon states that he found the seeds of the great 
southern water-lily (probably, according to Dr. Hooker, 
the Nelumbium luteum) in a heron’s stomach. Now 
this bird must often have flown with its stomach thus 
well stocked to distant’ ponds, and then getting a hearty 
meal of fish, analugy makes me believe that it would 

have rejected the seeds in a pellet in a fit state for 
germination. 

In considering these several means of distribut,ion, it 
should be remembered that when a pond or stream is 
first formed, for instance, on a rising islet, it will be 
unoccupied; and a single seed or egg will have a good 
chance of succeeding. Although there will always be a 

struggle for life between the inhabitants of t,he same 
pond, however few in kind, yet a~ the number eve11 irl LL 
well-stocked pond is small in comparison with the 
number of spcoics inhnbiting an equal area of land, the 
competition between them will probably be less severe 
than between terrest,rial species; consequently an in- 
truder from the waters of a foreign count,ry would have 
a better chance of seizing on a new place, than in the 
case of terrestrial colonists. We should also remember 
that many fresh-water productions are low in the scale 
uf nature, and we have reason t’o believe that such 
beings become modified more slowly than the high; 



CnAP. XIH.] INHABITANTS OF OCEANIC ISLANDS. l’i ’ l 

and this will give time for the migration of aquatic 
species. We should not forget the probability of many 
fresh-water forms having formerly ranged continuously 
over immense areas, and then having become extinct 
at intermediate points. But the wide distribution of 
fresh-water plants and of the lower animals, whether 
retaining the same identical form or in some degree 
modified, apparently depends in main part on the wide 
dispersal of their seeds and eggs by animals, more 
especially by fresh-water birds, which have great powers 
of flight, and naturally travel from one piece of water to 
another. 

071 the Idmbitants of Ocea7tic Islands. 

We now come to the last of the three classes of facts, 
which I have selected as presenting the greatest amount 
of difficulty with respect to distributZon, on the view 
that not ooly all the individuals of the same species 
have migrated from some one area, but that all&A 
cpocies, although now inhabiting the most distant 
points, have proceeded from a singIe area,-the birth- 
place of their early progellitors. I have already gi\Tell 
my reasons for disbeiievizg in condnental extensions 
within the period of esistin g species, on so enormous a 
scale that all the many islands of the several oceans 
were thus stocked with their present terrestrial inhahi- 
tank This view removes many diPiculties, but it 
does not accord with all the facts in regard to the 
productions of islands. In the following remarks 1 
shall not confine myself to the mere quest,ion of 
disperwl, lwt. shall consider some other cases be&n,n 
on the truth of the two theories of independent we&ion 
and of descent with modification. 



178 INHABITANTS OF OCEANIC! ISLASDS. [CHAP. XIII. 

The species of all kinds which inhabit oceanic islands 
are few in number compared with those on equal con- 
tinental areas : Alph. de Candolle admits this for 
plants, and Wollaston for insects. New Zealan,& for 
instance, wit,h its lofty mountains and diversified 

stations, extending over 780 miles of latitude, together 
with the outlying islands of Auckland, Campbell and 
Chatham, contain altogether only 960 kinds of flomer- 
ing plants ; if we compare this moderate number with 
t,he species which swarm over equal areas in South- 
Western Australia or at the Cape of Good Hope, 
we must admit that some cause, independently of 
different physical condit,ions, has given rise to so great 
a difference iu numler. Even the uniform county oi’ 

Cambridge has 847 plants, and the little island of 
Anglesect 764, but R few ferns and a few introduced 
plants are included in these numbers, and the com- 
parison in some other respects is not quite fair. We 
have evidence that the barren island of Ascension 
aboriginally possessed less than half-a-dozen flowering 
plants; yet many species have now become naturnlised 
on it, as they have in New Zealand and on every other 
oceanic island wbicb can be named. In St, Helena 
there is reason to believe that the natural&cd plants 
and animals have nearly or quite exterminated many 

native productions. I$e who admits the doctrine of 
the creation of each separate species, will have to admit 
that a sr.&cient number of the best adapted plants and 
animals were not created for oceanic islands ; for man 
has unintentionally stocked them far more fully and 
perfectly than did nature. 

Although in oceanic islands the species are fern in 

number, the proportion of endemic kinds (i. c. those 
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found nowhere else in the world) is often extremely 
large. If we compare, for instance, the number oi 
endemic land-shells in Madeira, or of endemic birds in 
the Galapagos Archipelago, with the number found on 
any continent, and then compare the area of t,he island 
with that of the continent, we shall see that this is 
true. This fact might have been theoretically expected, 
for, as already explained, species occasionally arriving 
aftor long intervals of time in the new and isolated 
district, and having to compete with new associates, 
would be eminently liable to modification, and would 
often produce groups of modified descendants. But it 
by no means follows that, because in an island nearly 
all the species of one class are peculiar, those of 
another class, or of another section of the same class, 
are peculiar ; and this difference seems to depe~ld 
partly on the species which are not modified having 
immigated in a body, so that their mutual relations 
have not been much disturbed ; and partly on the 
frequent arrival of unmodified immigrants from the 
mother-counbry, with which the insular forms have 
intercrossed. It should he borne in mind that the 
off’spring of such crosses would certainly gain in 
vigour ; so that even an occasional cross would produce 
mure effect than migllt have beefy allliciy&3d. I will 

give a few illustrations of the foregoing remarks : in 
the Galapngos IsIands there are 26 land-birds ; of these 
21 (or perhaps 23) are peculiar, whereas of the 11 
marine birds only 2 are pecnliar ; and it is obvious that 
marine birds could arrive at these islands much more 
easily and frequently than land-birds. Bermuda, on 
the other hand, which lies at about the same distance 
from Nort,h America as tho Galapagos Islands do from 
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South America, and which has a very peculiar soil, 
does not possess a single ende.mic land-bird ; and we 
know from Mr. J. M. Jones’s arlmirable account of 
Bermuda, that very many North American birds occa- 
sionally or even frcqucntly Gsit this island. Almost 
every year, as I am informed by Mr. E. T7. Harcourt, 
many European and African birds are blown to 
Madeira ; t,his island is inhabited by 99 kinds, of which 
one alone is peculiar, though very cIosely related to a 
European form ; and three or four other species are 
confined t.o this island and to the Canaries. so that 
the Islands of Bermuda and Madeira have been stocked 
from the neighbouring continents with birds, which for 
long ages have there &u&d together, arid have 
become mutually co-adapted. Henc,e when settled in 
their new homes, each kind will have hcen kept hy 
the others to its proper place and habits, and will 
consequently have been but little liable to mod& 
cation. Any tendency to modification will also have 
been checked by intercrossing wit.11 the unmodified 
inmigrants, often arriving from the mother-country. 
Madeira again is inhabited by a wontlerful number of 
peculiar land-shells, whereas Ilot me species of sea- 
shell is peculiar to its shores : now, though we do not, 
know how sea ohclls am dispersed, yet we can see that 
their eggs or larvae, perhaps attached to seaweed or 
floating t,imber, or to the feet of wading-birds, might be 
transported across three or four hundred miles of open 
sea far more easily than land-shells. The different 
orders of insects inhabiting Madeira present nearly 
parallel cases. 

Oceanic islands are sometimes deficient in animals of 
eertnin whole classes, and their places are occupied by 
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other classes ; thus in the Galapagos Islands reptiles, 
rind in Now Zealand gigantic wingless birds, take, or 
recently took, the place of mammals. Although New 
Zealand is here spoken of as an oceanic island, it is in 
some degree doubtful whether it should be so ranked ; 
it is of large size, and is not separated from Australia 
by a profoundly deep sea ; from its geological charac- 
ter and the direction of it,s mountain-ranges, the Itev. 
W. B. Clarke has lately maintained that this island, 
as well as New CalQdonia, should be considered as 
nppurtcnances of Awtralia. Turning to plants, Dr. 
Hooker has shown that in the Galapagos Islands the 
proportional numbers of the different orders are very 
different from what they are elsewhere. All such 
differences in number, and the absence of certain whole 
groups of animals and plants, are generally accounted 
for by supposed differences in the physical conditions 
of the islands ; but this explanation is not a little 
doubtful. Facility of immigration seems to have been 
fully 03 important as the nat,nrrt nf the conditions. 

Many remarkable little facts could be given with 
re.spf3ic.t to t,hr: inh;tbitants of oceanic islands. For 
instance, in certain islands not tenanted by a singlo 
mammal, some of the endemic plants have beaubifully 
hooked seeds ; yet few relat,ions are more manifest than 
that hooks serve for the transportal of seeds in the 
wool or fur of quadrupeds. But a hooked seed might 
be carried to an island by other means; and the plant 
then becoming modified would form an endemic spies, 
still retaining its hooks, which would form a useless 
appendage like the shrivelled wings under the soldered 
wing-covers of many insular beetles. Again, islands 
often possess trees or 1~1tslm belonging to orders which 
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elsewhere include only herbaceous species; now trees, 
as Alph. de Candolle has shown, generally have, what- 
ever the cause m;ty be, coufined ranges HorIce Lrees 
would be little likely to reach distant oceanic islands ; 
and an herbaceous plant, which had no chance of 
successfully competing with the many fully developed 
trees growing on a continent, might, when established 
on an island, gain an advantage over other herbaceous 
plants by growing taller and taller and overtopping 
them. In this case, natural selection would tend to 
add to the stature of the plant, to whatever order it 
belonged, and thus first convert it into a bush and then 
into a tree. 

Absence of Batrachians and Terrestrial Mammals on 
Oceanic Islands. 

With respect to the absence of whole orders of 
animals on oceanic islands, Bory St, Vincent long ago 
remarked that Batrachians (frogs, toads, newts) are 
never found on any of the many islands with which the 
great ocean3 are studded. I have taken pains to verrfy 
t,his assertion, and have found it true, with the ex- 
ception of Now Zcalsnd, Ncm Caledonia, the Andaman 
Islands, and perhaps the Salomon Islands and the 
Seychelles. But I have already remdd thnt it is 
doubtful whether New Zealand and New Caledonia 
ought to be classed as oceanic islands ; aud this is still 
more doubtful with respect to the Andaman and 
Salomon groups and the Seychelles. This general 
absence of frogs, toads, and newts on so many true 
oceanic islands cannot be accounted for by their 
pl~yyiwl conditions : indeed it seems that ivlamla aru 
peculiarly fitted for these animals ; for frogs have been 
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introduced into Madeira, the Azores, and Mauritius, 
and have multiplied so as to become a nuisance. But 
as these animals and their spawn are immediately 
killed (with the exception, as far as known, of one 
Indian species) by sea-water, there would be great 
dificulty in their transportal across the sea, and there- 
fore we can see wiry they do not exist on strictly 
oceanic islands. But why, on the theory of creation, 
they should not have been created there, it would be 
very difficult to explain. 

Mammals offer another and similar case. I have 
carefully searched the oldest voyages, and have not 
found a single instance, free from doubt, of a terrestrial 
mammal (excluding domesticated animals kept by the 
natives) inhabiting an island situated above 300 milea 
from a continent or great continental island ; and many 
islands situated at a much less distance are equally 
barren. The Falkland Islands, which are inhabited by 
a wolf-like fox, come nearest to an exception ; but this 
firoup cannot he considered as oceanic, as it lies on a 
bank in connection with the mainland at the distance 
of about 280 miles ; moreover, icebergs formerly brought 
boulders to its western shores, and they may have 
formerly transported foxes, as now frequently happens 
in the arctic regions. Yet it cannot be said that small 
islands will not support at least small mammals, for 
they occur in many parts of the world on very small 
islands, when lying close to a continent; and hardly 
an island can be named on which our smaller quad- 
rupeds have not become naturalised and greatly 
multiplied. It cannot be said, on the ordinary v&q of 
creation, that there has not been time for the creation 
of mammals ; many volcanic islands are sufficiently 
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ancient, as shown by the stupendous degradation which 
they have suffered, and by their tertiary strata: there 
has also been time for the production of endemic species 
belonging to other cIasses ; and on continents it is 
known that new spocioe of mammals appear and 
disappear at a quicker rate than other and lower 
animals. Although terrestrial mammals do not occur 
on oceanic islands, aerial mammals do occur on almost 
every island. New Zealand possesses two bats found 
nowhere else in the world: Norfolk Island, the Vit.i 
Archipelago, the Bonin Islands, the Caroline and 
llarianne Archipelagoes, and Manritius, all possess 
their peculiar bats. Why, it may be asked, has the 
supposed craative force procluccd bats and no other 
mammals on remote islands 1 On my view t.his 
questiou can easily he answered; for no t,errestrial 
mammal can be t,ransported across a wide space of sea, 
but bats cau fly across. Bats have been seen wandering 
by day fidr over the Atlant’ic Ocean ; and two North 
American species either regularly or occasionally visit 
Bermuda, at the distance of CjUU miles from the main- 
land. I hear from Mr. Tomes, who has specially 
studied thiv family, that many species have enormous 
ranges, and are found on continents and on far distant 
islands. Hence we have ouly to suppose that such 
wandering species have been modified in their new 
homes in relation to their new position, and we can 
uuderstand the presence of endemic bats on oceanic 
islands, with the absence of all other terrestrial mam- 
mals. 

Another interesting relation exists, namely between 
the depth of the sea separating islauds horn each other 
or from the nearest continent, and the degree of affinity 
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of their mammalian inhabitants. Mr. Windsor Earl 
has made some striking observations on this head, since 
greatly extended by Mr. Wallace’s admirable researches, 
in regard to the great Malay Archipelago, which is 
traversed near Celebes by a space of deep ocean, and 
this separat.es two widely distinct mammalian faunas. 
On either side the islands stand on a moderately shallow 
submarine bank, and these islands are inhabited by the 
same or by closely allied quadrupeds. I have not as 
yet had time to follow ~1) this subject in a11 quarters of 
the world ; but as far as I have gone, the relation holds 
good. For instance, Britain is separated by a shallow 
channel from Europe, and the mammals are the same 
on both sides ; and so it is with all the isfands near the 
shores of Australia. The West Indian Islands, on the 
other hand, stand on a deeply submerged bank, nearly 
1000 fathoms in depth, and here we find American 
forms, but t,he species and even the genera are quite 
distinct. As the amount of modification which animals 
of all kinds undergo partly depends on the lapse of 
time, and as the islands which are separated from each 
other or from the mainland by ~l~:tllom channels, arc 
more likely to have been continuously united within a 
recent period than the islands separated by deeper 
channels, we can understand how it is LhaL a relation 

exists between the depth of the sea se.parating two 
mammalian faunas, and the degree of their affinity,- 
a relation which is quite inexplicable on the theory of 
independent acts of creation. 

The foregoing statements in regard to the inhabitants 
of oceanic islauds,-namely, the fewness of the species, 
with a large proportion consisting of endemic forms- 
the members of certain groups, but not those of o&r 
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groups in the same class, having been modified--the 
absence of certain whole orders, as of batrachians and 
of terrestrial mammals, notwithstanding the presence of 
aerial bats,-the singular proportions of certain orders 
of plants,-herbctceous forms having been dcvclopcd 
into trees, &c.,- seem to me to accord better wit.h the 
belief in the eficiency of occasional means of transport, 
carried on during a long course of time, than with the 
belief in the former connection of all oceanic islands 
with the nearest continent; for on this latter view it is 
probable that the various classes would have immigrated 
more uniformly, and from the species having entered 
in a body their mutual relations would not have been 
much disturbed, and consequently they would either 
have not been modified, or all the species in a more 
equable manner. 

I do not deny that there are many and serious 
difficult.ies in understanding how many of the in- 
habitantu of the more remote islands, whether still 
retaining the same specific form or subsequently modi- 
fied, have reached their present homes. Rut the 
probability of other islands having once existed as 
halting-places, UP which nut a wreck uuw remains, 
must not be overlooked. I will specify one difficult 
ease. Almost all oceanic islands, even the most isolated 
and smallest, are inhabited by land-shells, generally by 
endemic species, but sometimes by species found else- 
where,- striking instances of which have been given 
by Dr. A. A. Gould in relation to the Pacific. Now it 
ia notorious that land-shells are easily IrifIed by sea- 
water; their eggs, at least such as I have tried, sink in 
it and are killed. Yet there must be some unknown, 
but occasionally efficient means for their transportal. 
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Would the just-hatched young sometimes adhere to the 
feet of birds roosting on the ground, and thus get 
transported ? It occurred to me that land-shells, when 
hybernatiog and having a membranous diaphragm over 
the mouth of the shell, might be floated in chinks of 
drifted timber across moderately wide arms of the sea. 
And I find that several species in this state withstand 
uninjured an immersion in sea-water during seven 
days: one shell, the Helix pomatia, after having been 
thus treated and again hybernating was put into sea- 
water for twenty days, and perfectly recovered. During 
this length of time the shell might have been carried 
by a marine current of average swiftness, to a distance 
of 660 geographical miles. As this Helix has a thick 
calcareous operculum, I removed it, and when it had 
formed a new membranous one, I again immersed it for 
fourteen days in sea-water, and again it recovered and 
cmwled away. Baron Aucapitaine has since tried 
similar experiments : he placed 100 land-shells, be- 
longing to ten species, in a box pierced with holes, and 
immersed it for a fortnight in the sea. Out of the 
hundred shells, twenty-seven recovered. The presence 
of an operculum seems to have been of importance, as 
out of twelve specimens of Cyclostoma elegans, which 
is thus furnished, eleven revived. It is remarkable, 
seeing how well the Helix pomatia resisted with me the 
salt-water, that not one of Sty-four specimens belonging 
to four other species of Helix tried by Aucapitaine, 
recovered. It is, however, not at all probable that 
laud-sheUs have often been thus transported; the feet 
of bir& offer a more probable method. 

38 
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On th.e Relations of the InhaBitads of Idano to those d 
the nearest Mainland 

The most striking and important fact for us is the 
affinity of the species which inhabit islands to those of 
the nearest mainland, without being actually the same. 
Numerous instances could be given. The Galapagos 
Archipelago, situated under the equator, lies at the 
distance of between 600 and 600 miles from the shores 
of South America. Here almost every product of the 
land and of the water bears the unmistakable stamp of 
the American continent There are twenty-six land- 
birds ; of these, twenty-one, or perhaps twenty-three 
arc x-a&cd as dietinct species, and would commonly be 
assumed to have been here created ; yet the close affinity 
of most of these birds to American species is manifest 
in every character, in their habits, gestures, and tones 
of voice. So it is with the other animals, and with a 
large proportion of the plants, as shown by Dr. Hooker 
in his admirable Flora of this archipelago. The natu- 
ralist, looking at the inhabitants of these volcanic 
islands in the Pacific, distant several hundred miles 
from the continent, feels that he is standing on American 
l;md. Why should this be SO 1 why should the species 
which are suppnsed tn have been created in the G&- 
pages Archipelago, and nowhere else, bear so plainly 
the stamp of affinity to those created in America 1 
There is nothing in the conditions of life, in the 
geological nature of the islands, in their height or 
climate, or in the proportions in which the several 
classes are associated together, which closely resembles 
the curtdiliws of the South American GUUSL : in fact, 
there is a considerable dissimilarity in all these respects. 
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On the other hand, there is a considerable degree of 
resemblance in the volcanic nature of the soil, in the 
climate, height, and size of the islands, between the 
Galapagos and Cape Verde Archipelagoes : but what an 
entire and absolute difference in their inhabitants ! 
The inhabitants of the Cape Verde Islands are reIated 
to those of Africa, like t.hose of the Galapagos to 
America. Facts such as these, admit of no sort of 
explanation on the ordinary view of independent 
creation ; whereas on the view here maintained, it is 
obvious that the Galapagos Islands would be likely to 
receive colonists from America, whether by occasional 
means of transport or (though I do not believe in this 
doctrine) by formerly continuous land, and the Cape 
Verde Islands from Africa; such colonists would be 
liable to modification ,-the principle of inheritance still 
betraying their original birthplace. 

3fany analogous facts could be given : indeed it is an 
almost universal rule that the endemic productious of 
islands are related to those of the nearest continent, or 
of the nearest large island. The exceptions are few, 
s.nd most of them can be explained. Thus nlthnngh 

Kerguelen Land stands nearer to Africa than to America, 
the plants are related, and that very closely, as we know 
from Dr. Hooker’s a.ccount, to those of America : but 

on the view that this island has been nl:linly stocked 
by seeds brought with earth and st,ones OR icebergs, 
drifted by the prevailing currents, this anou~nly dis- 
appears. New Zealand in its endemic plnncs is mnch 
more closely reIsted to Australia, the nearest mainlnlltl, 
than to any other region : and this is what Irligllt 11nve 

been expected ; but it is also plainly related to South 
America, which, although the next nearest continent, is 
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so enormously remote, that the fact becomes an anomaly. 
But this difficulty partially disappears on the view that 
New Zealand, South America, and the other southern 
lands have been stocked in part from a nearly inter- 
mediate though distant point, namely from the antarotio 
islands, when they were clothed with vegetation, during 
a warmer tertiary period, before the commencement of 
the last Glacial period. The affinity, which though 
feeble, I am assured by Dr. Hooker is real, between the 
Hors of the south-western corner of Australia and of the 
Cape of Good Hope, is a far more remarkable case ; but 
this affinity is confined to the plants, and will, no doubt, 
some day be explained. 

The same law which has detcrmincd the relationship 
between tbe inhabitants of islands and the nearest 
mninlnnd, is sometimes dirrplayed on a smnll scale, hut 
in a most interesting manner, within the limits of the 
same archipelago. Thus each separate island of the 
GaIapagos Archipelago is tenanted, and the fact is a 
marvellons one, by many distinct species ; but these 
species are related to each other in a very much closer 
manner than to the inhabitants of the American con- 
tine& ur uf any other quarter of I11e world. This is 
what might have been expected, for islands situated so 
near to each other would almost necessarily receive 
immigrants from the same original source, and from 
each other. But how is it that many of the immigrants 
have been differently modified, though only in a small 
degree, in islands situated within sight of each other, 
having the same geological nature, the same height, 
climate, &c. 2 This long appeared to me a great diffi- 
culty : but it arives in chief part from the deeply-seated 
error of considering the physical conditions of a country 
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as the most important; whereas it cannot be disputed 
that the nature of the other species with which each has 
to cornpeA%, is at least as important,, and generally a far 
more important element of success. Now if we look to 
the species which inhabit the Galapagos Archipelago, 
and are likewise found in other parts of the world, we 
find that they differ considerably in the several islands. 
This dih’erence might indeed have been expected if the 
islands have been stocked by occasional means of 
transport-a seed, for instance, of one plant having 
been brought to one island, and that of another plant to 
another island, though all proceeding from the same 
general source. Hence, when in former times an im- 
migrant first settled on one of the islands, or when it 
subsequently spread from one to another, it would 
undoubtedly be exposed Lu di~erwL wrdiLior~v in th 
different islands, for it would have to compete wit,11 a 
different set of organisms ; a plant, for instance, would 
find the ground best fitted for it occupied by somewhat 
different species in the different islands, and would be 
exposed to the attacks of somewhat different enemies. 
If then it varied, natural selection would probably 
favour cliCfcrent varieties in the diflerent islands. Some 
species, however, might spread and yet retain the samo 
character throughout the group, just as w0 see soino 
species sprcadin, 13 widely throughout a continent and 
remaining the same. 

The really surprisin ,= fact in this case of the G~nlapagos 
A&~ipelago, and in a lesser degree in some analogous 
c;1ses, is that each new species after being formed in any 
one island, did not spread quickly to the other islands. 
But the islands, though in sight of each other, are 
separated by deep arms of the sea, in most cases wider 
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than the Britkh Channel, and there is no reason t+) 
suppose that they have at any former period been 
continuously united. The currents of the sco arc rapid 
and sweep between the islands, and gales of wind are 
extraordinarily rare ; so that the islands are far more 
effectually separated from each other than they appear 
on a map. Nevertheless some of the species, both of 
those found in other part,s of the world and of those 
confined to the archipelago, are common to the several 
islands ; and we may infer from their present manner 
of distribution, that they have spread from one island 
to the others. But we often t&c,1 think, an erroneous 
view of the probability of closely-allied species invading 
each other’s territory, when put into free intercommuni- 
cation. Undoubtedly, if one species has any advantage 
oyer another, it will in a very brief time wholly or in 
part supplant it ; but if both are equally well fitted for 
their own places, both will probably hold their separate 
places for almost any length of time. Being familiar 
with the fact that many species, naturalised through 
man’s agency, have spread with astonishing rapidity 
over wide arcas, we are apt to infer that most specie 
wanl[l thus spread ; but we shouici remember that the 
species which become naturalSed in new countries are 
not genarally closely allied to t,he aboriginal inhabitants, 
but are very distinct forms, belonging in a large pro- 
portion of cases, as shown by Alph. de Candolle, to 
distinct :;cncm. In the Galapagos Archipelago, many 
even of the birds, though SO well adapted for flying 
from island to island, direr on the di&rent islands ; 
thus there are three clonely-allied spccics of moclring- 
thrush, ench con~ned to its own islnn~l. hTow I&, UB 
~upposc the nlocking-thrmh of Chnd:am l’alaud to be 
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blown to Charles Island, which has its own mocking 
thrush; why should it succeed in establishing itself 
there 1 We may safely infer that Charles Island is 
well stocked with its own species, for annually more 
eggs are laid and young birds hatched, than can possibly 
be reared ; and we may infer that the mocking-thrush 
peculiar to Charles Island is at least as well fitted for 
its home as is the species peculiar to Chatham Island. 
Sir C. Lye11 and Mr. WolJaston have communicated to 
me a remarkable fact bearing on this subject ; namely, 
that Madeira and the adjoining islet of Porte Santa 
possess many distinct but representative species of land- 
shells, some of which live in crevices of stone; and 
although large quantities of stone are annually trans- 
ported from Port0 Santo to Madeira, yet this latter 
Lland has not become oolonised by the Porto Santa 
species ; nevertheless both islands have been colonised 
by European land-shells, which no doubt had some 
advantage over the indigenous species. From these 
considerations I think we need not greatly marvel at 
the endemic species which inhabit the several islands of 
the Galapagos Archipelago, not having all spread from 
island to island. On the same contiuent, &J, pre- 
occupation has probably played an important part in 
checking the commingling of the spccics which inhabit 
different districts with nearly the same physical condi- 
tions. Thus, the south-east and south-west corners of 
Australia have nearly the same physical conditions, and 
are united by continuous land, yet they are inhabited 
by a vast number of distinct mammals, biids, and 
plants ; so it is, according to Mr. Bates, with the butter- 
flies and other animals inhabiting the great, open, and 
continuous valley of the Amazons. 
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The aamc principle which governs tile general &ar- 
acter of the inhabitants of oceanic islands, namely, the 
relation to the source whence colonists could have been 
mostly easily derived, together with their subsequent 
modification, is of the widest application throughout 
nature. We see this on every mountain-summit, in 
every lake and marsh. For Alpine species, excepting 
in as far as the same species have become widely 
spread during the Glacial epoch, are reIated to those 
of the surrounding lowlands; thus we have in South 
America, Alpine humming-birds, Alpine rodents, Alpine 
plants, &o., all strictly belonging to Amerioan forms ; 
and it is obvious that a mountain, as it became slowly 
upheaved, would be colonised from the surrounding 
lowlands. So it is wit.h the inhabitants of lakes and 
marshes, excepting in so far as great facility of trans- 
port has allowed the same forms to prevail throughout 
large portions of the world. We see this same prin- 
ciple in the character of most of the blind animals 
inhabiting the caves of America and of Europe. Other 
analogous facts could be given. It will, I believe, be 
found universally true, that wherever in two regions, 
let them be ever so distant,, many closely allied or 
representative species occur, there will likewise be 
found some identical species ; and wherever many 
closely-allied species occur, there will be found many 
forms which some naturalists rank as distinct species, 
and others as mere varieties; these doubtful forms 
showing us the steps in the pro&Tess of modification. 

The relation between the power and extent of 
mi,mtion in certain species, either at the present or 
at some former period, and the existence at. remote 
points of the world of closely-allied species, is shown 
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in another and more general way. Mr. Gould re- 
marked to me lcng ago, that in those genera of birds 
which range over the world, many of the species have 
very wide ranges. I can hardly doubt that this rnlc 
is generally true, though difficult of proof. Amongst 
mammals, we see it strikingly displayed in Bats, and 
in a lesser degree in t,he Felidz and Canide. We see 
the same rule in the distribution of butterflies and 
beetles. So it is with most of the inhabitants of fresh 
water, for many of the genera in the most distinct 
classes range over the world, and many of the species 
have enormairs ranges. It is not meant that all, but 
that some of the species have very wide ranges in the 
genera which range very widely. Nor is it meant that 
the species in such genera have on an average a very 
wide range; for this will largely dq~e~d 011 how far 
the process of modification has gone; for instance, two 
varieties of the same species inhabit America and 
Europe, and thus the species has an immense range ; 
but, if variation were to be carried a little further, 
the two varieties would be ranked as distinct species, 
and their range would be greatly reduced. Still less is 
it meant, t,hat species which have the capacity of 
crossing barriers and ranging widely, as in the case 
of certain powerfully-winged birds, will necessarily 
range widely; for we should never forget that to range 
widely implies not only the power of crossing barriers, 
but the more important power of being victorious in 
distant lands in the struggle for life with foreign 
associates. But according to the view that all the 
species of a genus, though distributed fo the most 
remote points of the world, are descended from a single 
Lxogenitor, we ought to find, and I believe as a gencrnl 
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rnle we do find, that sume st least of the species rango 
very widely. 

We shonld bear in mind that many gcncm in all 
classes are of ancient origin, and the species in this 
case will have had ample time for dispersal and sub- 
sequent modification. There is also reason to believe 
from geological evidence, that within each great class 
the lower organisms change at a alower rate than the 
higher; consequently they will have had a better 
chance of ranging wjdely and of still retaining the 
same specific character. This fact, together with that 
of the seeds and e,gs of most lowly organist4 forms 
being very minute and better fitted for distant trans- 
portal, probably accounts for a law which baa long 
been observed, and which has lately been discussed by 
Alph. de CandolIe in regard to plants, namely, that 
the lower any group of organisms stands the more 
widely it ranges. 

The relations just discussed,-namely, lower organ- 
isms ranging more widely than the higher,-some of 
the species of widely-ranging genera, themselves xtnging 
widely,- such facts, as alpine, lacustrine, and marsh 
productions being generally related to those which live 
on the surrounding low lands and dry lands,-the 
striking relationship between the inhabitants of islands 
and those of the nearest mainland-the still closer 
relationship of the distinct inhabitants of the islands in 
the same archipelago-are inexplicable on the ordinary 
view of the independent creation of each species, but 
are explicable if we admit colonisation from the nearest 
or readiest svurce, together with the suhsequent dap 
t&ion of the colonists to their new homes 
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Summary of the last and present chapters. 

In these chapters I have endeavoured to show, that 
if we make clue allowance for our ignorance of the full 
effects of changes of climate and of the level of the 
land, which have certainly occurred within the recent 
period, and of other changes which have probably 
occurred,-if we remember how ignorant we are with 
respect to the many curious means of occasional trans- 
port, -if we bear in mind, and this is a very importaut 
consideration, how often a species may have ranged 
continuously over a wide area, and then have become 
extinct in the intermediate tracts,-the difficulty is not, 
insuperable in believing that all the individuals of the 
same species, wherever found, are descended from 
common parents. And we are led to this conclusion, 
which has been arrived at by many naturalists under 
the designation of single centres of creation, by various 
general considerations, more especially from the im- 
pnrt,anee nf harriers of all kinds, and from the analqjc:al 
distribution of sub-genera, genera, and families. 

With respect to distinct species belonging to the 
same genus, which on our theory have spread from one 
parent-source ; if we make the same allowances as 
before for our ignorance, and remember that some 
forms of life have changed very slowly, enormous 
periods of time having been thus granted for their 
migration, the difficulties are far from iusuperable; 
though in this case, as in that of the individuals of the 
ame species, they are often great. 

As exemplifying the effects of climatal chnu~es on 
distribution, I have attempted to show how important 
B part the last Glacial period has played, which affected 
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even the equatorial regiuns, and which, dutig the 
alternations of the cold in the north and south, allowed 
the productions of opposite hemispheres to mingle, and 
left some of them stranded on the mountain-summit.s 
in all parts of the world. As showing how diversifierl 
are the means of occasional transport, I have discussed 
at some little length the means of dispersal of fresh- 
water productions. 

. 
If the difficultres be not insuperable in admitting 

that in the long course of time all the individuals of 
the same species, and likewise of the several species 
belonging to the same genus, have proceeded Bum 
some oue source; then all the grand leading facts of 
geographical distribution are explir:~.hle on the theory 
of migration, together with subsequent modification and 
the multiplication of new forms. We can t,hus under- 
stand the high importance of barriers, whether of laud 
or water, in not only separating, but in apparently 
forming the several zoological and botanical provinces. 
We can thus understand the concentration of related 
spccics within the same areas; and hukv it is that 
under different latitudes, for instance in South America, 
the inhabitants of the plains and ruountsins, of tllo 
forests, marshes, and deserts, are linked together in so 
mysterious a manner, and are likewise linked to the 
extinct beings which formerly inhabited the same 
continent. Bearing in mind that the mutual relation 
of organism to organism is of the highest importance, 
we can see why two areas having nearly the same 
physical conditions should often be inhabited by very 
different forms of life ; for according to the length of 
time which has elapsed since the colonists cntcrcd one 
of the regions, or both ; according to the nature of the 
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communication which allowed certain forms and not 
ot,hws to enter, either in greater or lesser numbers; 
according or not, as those which entered happened to 
come into more or less direct competition with each 
other and with the aborigines ; and according as the 
immigrants were capable of varying more or less 
rapidly, t,here would ensue in the two or more regions, 
independently of t,heir physical conditions, infinitely 
diversified conditions of life,--there would be an almost 
endless amount of organic action and reaction,-and 
we shoulrl find some groups of beings greatly, and some 
only slightly modified,-some developed in great force, 
some existing in scanty numbers-and this we do find 
in the several great geographical provinc.&g of the 
world. 

On these same principles we can understand, w I Litve 
endeavourcd to show, why oceanic islands should have 
few inhabitants, but that of these, a large proportion 
should be endemic or peculiar ; and why, in relation to 
the means of migration, one group of beings should 
have all its species peculiar, and another group, even 
within the same class, should have all its species the 
same with those in an adjoining quarter of the world. 
We can see why whole groups of organisms, as bntra- 
chians and terrestrial mammals, should be absent from 
oceanic islands, whilst, the most, isolated islands should 
possess their own peculiar species of aerial mammals or 
bats We can see why, in islands, there should be 
some relation between the presence of mammals, in a 
more or less modified condition, and the depth of the 
sea between such islands and the mainland. WC cnu 
clearly see why all t,he inhabitants of an archipclngo, 
though specifically distinct on the several islets, should 
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be closely related to each other; and should likewise 
be related, but less closely, to those of the nearest 
continent, or other source whence immigrants might 
have been derived. We can see why, if there exist 
very closely allied or representative spciaa in two 
areas, however distank from each other, some identical 
species will almost always there be found. 

As the late Edward Forbes often insisted, there is n 
striking parallelism in the laws of life throughout time 
and space ; the laws governing the succession of forms 
in past times being nearly the same wit,h those govern- 
ing at, the present time the differences in different 
areas. We see this in many facts. The endurance of 
each species and group of species is continuous in time ; 
for the apparent exceptions to the rule are so few, that 
they may fairly be attributed to our not having as yet 
discovered in an intermediate deposit certain forms 
which are absent in it, but which OCCUP both above and 
IJ~OW : so in space, it certainly is the general rule that 
the area inhabited by a single species, or by a group of 
species, is continuous, and the exceptions, which are not 
rare, may, as I have attempted to show, be accounted for 
by former mi~ntions under different oircumstances, or 
through occasional means of transport, or by the species 
having become extinct in the intermediate tracts. 
Both in time and space species and groups of species 
have their points of maximum development. Groups 
of species, living during the same period of time, or 
living within the same area, are often characterised by 
trifling features in common, as of sculpture or colour. 
In looking to the long succession of past ages, as in 
looking to distant provinces througliout the world, we 
find that species in certain classes differ little from each 
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other, whiIst those in auother class, or only in a different 
section of the same order, differ greatly from each other. 
In both time and space the lowly organised members 
of each class generally change less than the highly 
organised ; but there are in both cases marked excep 
tions to the rule. According to our theory, these 
several reIations throughout time and space are intelli- 
gible ; for whether we look to the allied forms of life 
which have changed during successive ages, or to 
those which have changed after having migrated into 
distant quarters, in both cases they are connected by 
the same bond of ordinary generation ; UI both cases 
the laws of variation have been the same, and modifi- 
cations have been accumulated by the same means of 
natural selection. 
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CHAPTER XIV. 

MUTUAL AFFINITIES OF ORGANIC BEINGS: MOB- 
PHOLOQY : EMBRYOLOGY : RUDIMENTARY ORGANS. 

CLASSIFICATION, groups subordinate to groups-Natural system- 
Rules aud ditlicultiecl in classification, explained on the theury 
of descent with ur~iliclllion-Cl~siGcatiun of varieties-Descent 
always used in classification-Analogical or adaptive characters 
-Affinities, general, complex, alld radiating-ICxtinction 
separate:: and defines grc~~ps--Monl~lroLooy, between memlara 
01’ the same class, between parts of the satIre individual- 
EMBNYOL~GY, laws of, cxIJainct1 by varintiune not stlyervening 
nt an early age, and being inherited at R correspondirlg age- 
HUDIMIWI-AM orcua~s; their origiu cxI)lained-Summary. 

Classijcation. 

FROM the most remote period in tho history of tho world 
organic beings have been found to resemble each other 
in descending degrees, so that t,hey can be classed in 
groups under groups. This classification is not arbi- 
trary like the grouping of the stars in constellations. 
The existence of groups would have been of simple 
si@icance, if one group had been exclusively fitted to 
inhabit the land, and another the water; one to feed 
on flesh, another on vegetable mat.ter, and so on ; but 
the c;1se is widely different, for it is notorious how 
commonly members of even the same sub-group have 
different llabits. In the second and fourt,h r.hapt.ers, on 
Variation and on Natural SelecGon, I have attempted 
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to show that within each count,ry it is the widely 
ranging, the much diffused and common, that is the 
dominant species, belonging to the larger genera in each 
class, which vary most. The varieties, or incipient 
species, thus produced, ultimately become converted 
into new and distinct species; and these, on the prin- 
ciple of inheritance, teud to produce other new and 
dominant species. Consequently the groups which are 
now large, and which generally include many dominant 
species, tend to go on increasing in size. I further 
attempted to show that from the varying descendants 
of each species trying to occupy as many and as different 
places as possible in the economy of nature, they 
constantly tend to diverge in character. This latter 
conclusion is supported by observing the great diversity 
of forms which, in any small area, come into the closest 
competition, and by certain facts in naturalisation. 

I attempted also to show that there is a steady 
tendency in the forms which are increasing in number 
and diverging in character, to supplant a.nd exterminatt! 
the preceding, less divergent and less improved forms. 
I request the reader to turn to the diaTam illustrating 
the action, a8 formerly explained, of these several prin- 
ciples; and he will see that the inevitable result is, 
that the modified descendant8 proceeding from one 
progenitor become broken up into groups subordinate 
to groups. In the diagram each letter on the uppermost 
line may represent a genus including several species, 
and the whole of the genera along this upper line form 
together one class, for all are descended from one ancient 
parent, and, consequently, have inherited something in 
common. But the three genera on the left hand have, 
on this same principle, much in common, and form a 

30 
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sub-family, disLincL from that confainiq the next fwo 
genera on the right hand, which diverged from a common 
parent a.t the fifth stage of descent. The.se five genera 
have also much in common, though less than when 
grouped in sub-families ; and they form a family distinct 
from that containing the three genera still farther to 
the right hand, which diverged at an earlier period. 
And all these genera, descended from (A), form an 
order distinct from the genera descended from (I). So 
that we here have many species descended from a single 
progenitor grouped into genera; and the genera into 
sub-families, families, and orders, all under one great 

class. The grand fact of the natural subordination of 
organic beings in noups under groups, which, from its 
familiarity, does not always sufficiently strike us, is in 
my judgment thus explained. No doubt organic beings, 
like all other objects, can be classed in many ways, 
either artificially by single characters, or more naturally 
by a number of characters, We know, for instance, that 
minerals and the elemental substances can be thus 
arranged. In this case thcrc is of COUPSO no relation to 

genealogical succession, and no cause can at present be 
assigned fnr their falling into groups. But with organic 
beings the case is different, and the view above given 
accords with their natural arrangement in group under 
group ; and no other explanation has ever been 
attempted. 

Naturalists, as we have seen, try to arrange the 
species, genera, and families in each class, on what is 
called the Natural System. But. what is meant by t&s 

svstem ? Some authors look at it merely as a scheme I 
for arranging together thnse living nhjrck which are 

most alike, and for separating those which are most 
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unlike ; or as an artificial method of enunciating, as 
briefly as possible, general propositions,-thha.t is, by one 
sentence to give the characters common, for instance, to 
all mammals, by another those common to all carivora., 
by another those common to the do?genus, and then, 
by adding a single sentence, a full description is given 
of each kind of dog. The ingenuity and utility of this 
system are indisputable. But many naturalists think 
that something more is meant by the Natural System ; 
they believe that it reveals the plan of the Creator ; 
but unless it be sper,ifietl whether order in time or 
space, or both, or what else is meant by the plan of the 
Creator, it seems to me that nothing is thus added to 
our knowledge. Expressions such aa that famous one 
by Linnzus, which me often meet with in a more or 
Iess concealed form, namely, that the characters do not 
make the genus, but t.hat the genus gives the characters, 
seem to imply that some deeper bond is included in our 
classifications than mere resemblance. I believe that 
this is the! cRSe, and that community of descent- the 
one known cause of close similarity in organic beings- 
is the bond, which though observed by various degrees 
of modification, is partially revealed to us by our 
classifications. 

Let us now consider the rules followed in classifics- 
tion, and the difficulties which are encountered on the 
view that classification either gives some unknown 
plan of creation, or is simply a scheme for enunciating 
general proposit,ions and of placing together the forms 
tnost like each other. It might have been thought 
(and was in ancient times thought) that, tAhnse parts of 
the structure which determined the habits of life, and 
the geneml place of each being in the economy ol 
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nature, would be of very high importance in classifica- 
tion. Nothing can be more false. No one regards the 
external similarity of a mouse to a shrew, of a dugong 
to a whale, of a whale to a fish, ‘as of any importance. 
These resemblances, though YO iuliumteIy connectd 

with the whole life of the being, are ranked as mereIy 
“ adaptive or analogical characters ; ” but to the 
consideration of these resemblances we shall recur. It 
may even be given as a general rule, that the less any 
part of the organiaation is concerned with special 
habits, the more important it becomes for classification. 
As an instance : Owen, in speaking of the dugong, 
says, ‘(The generative organs, being those which are 
most remotely related to the habits and feud of an 
animal, I have always regarded as affording very clear 
indications of it3 trnc &nitics. We are least likely in 

the modifications of these organs to mistake a merely 
adaptive for an essential character.” With plants how 
remarkable it is that the organs of vegetation, on which 
their nutrition and life depend, are of little signification ; 
whereas the organs of reproduction, with their product 
the seed and embryo, are of paramount importance ! 
So again in formerly discussing certain morphological 
‘characters which are not functionally important, we 
have seen that they are often of the highest service in 
classification. This depends on their constancy through- 
out many allied groups; and their constancy chiefly 
tlepends on any alight deviations not having been 
yreservti and accumulated by natural selection, which 
acts only ou serviceabie characters. 

That the mere physiological importance of an organ 
&MS uot determine its classificatory value, is almost 
proved by tba fact t,hat in allied groups, in which the 
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same organ, as we have every reason to suppose, has 
nearly the same physiological value, its classificatory 
value is widely different. No naturalist can have 
worked long at any group without being struck with 
this fact; and it has been fully acknowledged in the 
writings of almost every author. It wiI1 suffice to 
quote the highest authority, Robert Brown, who, in 
speaking of certain organs in the frotoacem, says their 
generic importance, “like that of all their parts, not 
only in this, but, as I apprehend, in every natural 
family, is very unequal, and in some cases seems to be 
entirely lost.” Again, in another work he says, the 
genera of the Connaracere “ differ in having one or more 
ovaria, in the existence or absence of albumen, in the 
imbricate or valvular .zstivation. Any one of these 
characters singly is frequently of more tfiau generic; 
importance, though here even when all taken together 
they appear insufficient to separate Cnestis from 
Connarus.” To give an example amongst insects : in 
one great division of the Hymenoptera, the antennae, as 
Westwood has remarked, are most constant in structure; 
in another division they differ much, and the differences 
are of quite subordinate value in classification ; yet no 
one will say that the antennae in these two divisions of 
the same order are of unequal physiological importance. 
Any number of instances could be given of the vary- 
ing importance for classification of the same important 
organ within the same group of beings. 

Again, no one will say that rudimentary or atrophied 
organs are of high physiological or vital importance ; 
yet, undoubtedly, organs in this condition are often of 
much value in classification. No one will. dispute that 
the rcdimentary teeth in the upper jaws of young 
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rrrminants, and certain rudimentary bones of the leg, 
are highly serviceable in exhibiting the close affinity 
between ruminants and pachyderms. Robert Brown 
has strongly insisted on the fact that the position of tho 
rudimentary florets ia of the high& importance in the 
classification of the grasses. 

Numerous instances could be given of characters 
derived from parts which must be considered of very 
trifling physiological importance, but which are univer- 
sally admitted as highly serviceable in the definition of 
whole groups. For instance, whether or not there is an 
open passage from the nostrils to the mouth, the only 
character, according to Owen, which absolutely dis- 
tinguishes fishes ant1 reptiles-the inflection of the 
angle of the lower jaw in Marsupials-the manner in 
whir,11 the. wings nf insp.ct.n are frllded-mere colour in 
certain Alga-mere pubescence on parts of the flower 
in grasses-the nature of the dermal covering, as hair or 
feathers, in the Vertebratn. If the Omithorhynchus 
had been covered with feathers instead of hair, this 
external and trifling character would have been con- 
sidered by naturalists as an import,ant aid in deter- 
milling the degree of affinity of Ll& slrarge creaturtt t.4~ 

birds. 
The importance, for classification, of trifling characters, 

mainly depends on their being correlated with many 
other characters of more or less importance. The value 
indeed of an aggregate of characters is very evident in 
natural history. Hence, as has often been remarked, a 
species may depart from its allies in several characters, 
both OS high physiological importance, and of dmost 
universal prevalence, and yet lcave us in no doubt 
where it should be ranked. Hence, also, it has been 
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found that a classification founded on any single 
character, however important that may be, has always 
failed ; for no part of the organisation is invnrisbl~ 
constar.:. The importance of an aggregate of characters, 
even wheu none are important, alone explains tho 
aphorism enunciated by Linnaxs, namely, that the 
characters do not give the genus, but t,he genus gives 
the characters ; for this seems founded on the a.pprecia- 
?.ion of many triff ing points of resemblance, too slight to 
be defined. Certain plants, belonging to the Malpighi- 
R.c~z?, hear perfect and degraded flowers ; in the latter, 
as A. de Jussieu has remarked, “ the greater number of 
t’he characters proper to the species, to the genus, to the 
family, to the class, disappear, and thus laugh at OUI 
classitication.” When Aspicarpa produced in France, 
during several years, only these deTaded flowers, 
departing so wonderfully in a number of the most 
important points of structure from the proper type of 
the order, yet &I. Richard sagaciously saw, as Jussieu 
observes, th:lt. this genus should still be retained 
amongst the Malpighiaceae. This case well illustrates 
the spirit of our classifications. 

Practically, when naturltlists are at work, they do 
not trouble themselves about the physioIogiea1 value 
of the characters which they use in defining a group 
or in allocating any particular species. If they find 
a character nearly uniform, and common to a great 
number of forms, and not common to others, they use it 
$19 one of high value ; if common to some lesser number, 
they use it as of subordinate value. This principle has 
been broadly confessed by some naturalists to be the 
true one; and by none more clearly than by that 
excellent botanist, Aug. St. H&ire. If several trifling 
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characters are always found in combination, though na 
apparent bond of connection can be discovered between 
then+ especial vaIue is set ou Lhe.u~. AY in most groups 
of animals, important organs, such as those for pro. 
Felling the blood, or for aerating it, or those for pro- 
pagating the race, are found nearly uniform, they are 
considered as highly serviceable in classification ; but in 
some groups all these, the most important vital organs, 
arc found to offer characters of quite subordinate value. 
Thus, as Fritz Miiller has lately remarked, in the same 
group of crustaaeans, Cypridina is furnished with a 
heart, whilst in two closely allied genera, namely 
Cypris and Cytherea, there is no such organ; one 
species of Cypridina has wcll~dcvolopcd branch&, 
whilst another species is destitute of them. 

We can see why characters derived from the embryo 
should be of equal importance with those derived from 
the adult, for a natural classification of course includes 
all ages. But it is by no means obvious, on the ordi- 
nary view, why the structure of the embryo should be 
more important for this purpose than that of the adult, 
which alone plays it,5 full part in the economy of nature. 
Yet it has been strongly urged by those great natural- 
ists, Milne Edwards and Agassiz, that embryological 
chrncters are the most, irnprhnt of all ; and this 

doctrine has very generally been admitted as true. 
Nevertheless, their importance has sometimes been 
exaggerated, owing to the adaptive characters of larvcu 
not having been excluded; in order to show this, Fritz 
XItiller arranged by the aid of such characters alone the 
great class of crustaceans, and the arrangement did not. 
prove a natural one. Dut there can be no doubt that 
smbrycnic, excluding larval characters, are of tha 
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highest value for classification, not only with animals 
but with plants. Thus the main divisions of flowering 
plants are founded on differences in the embryo,--on 
t,hc number and position of the cotyledons, and on the 
mode of development of t,he plumule and radicle. We 
shall immediately see why these characters possess so 
lligh a v;due in classification, namc.ly, from the natural 
system being genealogical in its arrangement. 

Our classilicstions are often plniuly influenced by 
chains of afiinitios. Nothing can be easier than to 
define a number of characters common to all birds ; but 
with crustaceans, any such definition has hitherto been 
found impossible. There are crustaceans at the opposite 
ends of the series, which have hardly a character in 
common; yet the species at both ends, from being 
plainly allied to others, and these to others, and so 
onwards, can be recognised as unequivocally belonging 
to this, and to no other class of the Articulata. 

Geographical distribution has often been used, though 
perhaps not quite logically, in classification, more 

espec.ially in very large groups of closely allied forms. 
Temminck insists on the utility or even necessity of 
this practice in certain groups of birds ; and it has been 
followed by several entomologists and botanists, 

Finally, with respect to the comparative value of the 
various groups of species, such as orders, sub-orders, 
families, sub-families, and genera, they seem to be, at 
It?ast at present, almost arbitrary. Several of the best 
botanists, such as Mr. Bentham and others, have strongly 
insisted on their arbitrary value. Instances could be 
given amongst plants and insects, of a soup first 
ranked by practised naturalists ;~9 only a genus, and 
then raised to the rank of a sub-family or family ; and 
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tllis hm been done, not because furt,her research has 
detected important structural differences, at first over- 
looked, but because numerous allied species with slightlg 
different grades of dilr’erence, have been subserluenlly 
&covered. 

All the foregoing rules and aids and diffrcult,ies in 
classification may be explained, if I do not grently 
deceive myself, on the view that the hTatnra.1 System is 
founded on descent with modification ;-that the cha- 
racters which naturalists consider as showing true 
affinity between any two or more species, are those 
which have been inherited from a common parent, all 
true classification being genealogical ;--t.hat community 
of descent is the hidden bond which naturalists have 
been unconsciously seeking, and not some unknown 
plan of croetion, cr the enuncintion of goncral proposi- 
tions, and the mere putting together and separating 
objects more or less alike. 

But I must explain my meauing more fully. I 
believe that the arrclryemegtt of the groups within each 
class, in due subordination and relation to each other, 
must be strictly genealo,qical in order to be llatural; 
but that the amount of difrerence in the several branches 
or groups, though alIied in the same degree in blood to 
their co~~~n~ox~ progenitor, may differ greatly, being dLte 
to the difl’erent degrees of modification which they have 
undergone; and this is expressed by the forms being 
ranked under different genera, families, sections, ox 
orders, The reader will best understand what is meant, 
if he nil1 take the trouble to refer to the di:gam in the 
fourth chnpter. We will suppose the letters A to L to 
represent allied genera existing during the Siiuriall 
ei>och, and descended from some still earlier form. In 
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three of these genera (A, F, and I), a species has Irane- 
mitted modilied descendants to the present day, repre- 
sented by the fifteen genera ((t14 to z14) ou the uppermost 
ltorizontal line. Now all these modified descendants 
from a single species, are related in blootl or desc.ent in 
the same degree; t.hey may metaphorically be called 
cousins to the same millionth degree ; yet t,hey diller 
widely am1 in different degwes from each other. The 
forms descended from A, now broken up into two or 
three families, constitute a distinct order from those 
descended from I, also broken up into two families. 
Nor can the existing species, descended from A, be 
ranked in the same genus with the parent A ; or those 
from I, with the parent I. But the existing germs F” 
may be supposed to have been but slight,ly modified ; 
and it will then rank with the parent-genus F; just 
as some few still living organisms belong to Silurian 
genera. So that t,he comparative value of the differences 
between these organic beings, which are all related to 
each nthnr in the same degree in blood, has come to 
be widely dillercnt. Nevertheless their genealogical 
arranpment remains strictly true, not only at the 
present time, but at each successive period of descent. 
All the modified descendants from A will have inherited 
something in common from their common parent,, as 
will all the descendants from I ; so will it be with cbach 
subordinate branch of descendants, at each successive 
stage. If, however, we suppose any descendant of A, 
cr of I, to have become so much modified as to have 
lost all ;races of its parentage, in this case, its place in 
the natural system will be lost, as seems to haveoccurrcd 
M ith some feew existing organisms. All the descendants 
of the genus F, along its whole line of d.escent, are 



214 CLASSIFICATION. [CIIAP. XIV. 

supposed to have been but little modified, and they form 
a single genus. But this genus, though much isolated, 
will still occupy its proper intermediate position. The 
ropsesernation of the groups, as here given in the diagim 
on a flat surface, in mi1c.11 ton simple. The branches 
ought to have diverged in all directions. If the names 
of the groups had been simply written down in a linear 
series, the representation would have been still less 
natural 3 and it is notoriously not possible to represcu t 
in a series, on a flat surface, the affinities which we 
discover in nature amongst the beings of the same 
group. Thus, the natural system is genealogical in its 
arrangement, like a pedigree : but the amount of moditi- 
cation whir;h the diffcront groups have undergone has to 
be expressed by ranking them under different so-called 
genera, sub-families, families, sections, orders, and 
classes. 

It may be worth while t,o illustrate this view of 
classification, by taking the case of languages. If we 
possessed a perfect pedigree of mankind, a genealogical 
arrangement of the races of man would afrord the best 
classification of the various languages now spoken 
Lhronghout the world ; and if all extinct Ianguagcs, and 
all intermediate and slowly changing dialects, were to 
be included, such nn armngement, would be the only 
possible one. Yet it might be that some ancient 
laqmages had altered very little and had given rise to 
few new languages, whilst others had altered much 
owing to the spreading, isolation, and state of civilisation 
of the several co-descended races, and had thus given 
rise to many new dialects and languages. The various 
degrees of diI%rence between the larqiages of the sitme 
stock, would have to be expressed by groups subordinate 
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to groups ; but the proper or even the only possible 
arrangement would still be ,aenealogical ; and this would 
be strictly natural, as it would connect together all 
isnguages, extinct and recent, by the closest allinities, 
and would give the Cation and origin of each tongue. 

In confirmation of this view, let us glance at the 
classification of varieties, which are known or believed 
to be descended from a single species. These are 
grouped under the species, with the sub-varieties under 
the varieties ; and in some cases, a? wit,h the domestic 
pigeon, with several other rJrades of difference. Nearly 
the same rules are followed ss in classifying species. 
Authors have insisted on the necessity of arranging 
varieties on a natural instead of an artificial system ; we 
are cautioned, for instance, not to cIass two varieties of 
the pine-apple together, merely because their fruit, 
though the most important part, happens to be nearly 
identical ; no one puts the Swedish and common turnip 
together, though the esculent and thickened stems are 
no similar. Whatever part is found to be most con- 
stant, is used in classing varieties: thus the great 
agriculturist Marshall says the horns are very useful for 
this purpose with cattle, because they are less variable 
than the shape or wlour of the body, kc. ; whereas with 
sheep the horns are much less serviceable, because less 
constant. In classing varieties, I apprehend that if we 
had a real pedigree, a genealogical classification would 
be universally preferred ; and it has been attempted in 
some cases. For we might feel sure, whether there had 
been more or less modification, that the principle of 
inheritance would keep the forms together which were 
allied in the greatest number of points. In tumbler 
pigeons, though some of the sub-varieties differ in the 
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important character of the length of the beak, yet all 
are kept together from having the common habit of 
tumbling ; but the short-faced bread has nearly or quito 
lost this habit : nevertheless, without any thought on 
the subject, these tumblers are kept in the same group, 
because allied in blood and alike in some other respects. 

With specie-s in a state of nature, every naturalist has 
in fact brought descent into his classification; for hc 
includes in his lowest grade, that of species, the two 
sexes ; and how enormously these sometimes differ in 
the most important characters, is known to every 
urtturalist ; scarcely a single faot can bc prcdicntcd in 
common of the adult males and hermaphrodites of 
certa+ cirripedes, and yet no one dreams of separating 
them. As soon as the three Orchidean forms, Mo- 
nachanthus, Myanthus, and Catasetum, which had 
previou$y been ranked as three distinct genera, were 
known to be sometimes produced on the same plant, 
they were immediately considered as varieties; and 
now I have been able to show that they are the male, 
female, and honnaphr~ditc forma of the si~me species. 
The naturalist includes as one species the various larval 
stages of the same individual, however much they may 

differ from each other and from the adult, as well as the 
so-called alternate generations of Steenstrup, which can 
only in a technical sense be considered sa the same 
individual. He includes monsters and varieties, not 
from their partial resemblance to the parent-form, but 
because they are descended from it. 

As descent has universally been used in cla&ng 
wether the individuals of the same species, thougIl the 
rides and fexn&s and larvze are sometimes extremely 

sdiffeercnt ; and as it has been used in classing varicticg 
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which have undergone a certain, and sometimes a 
considerable amount of modification, may not this same 
element of descent have been unconsciously used in 
grouping species undc,r genera, and genera nuder higher 
grOUp9, all under the su-called naLurrt1 system ? I 

believe it has been unconsciously used ; and tbus only 
can I understand the several rules and guides which 
have been followed by our best systematists. As we 
have no written pedigrees, we are forced to trac- 
community of desceut by resemblances of any kind. 
Therefore we choose those characters which are the least 
likely to have been modified, in relation to the con- 
ditions of life to which each species has been recently 
exposed. Rudimentary slruotures 011 this view are aa 
good as, or even sometimes better than, other parts of 
tile or,rranisation. We care not how trifling a character 

may be-let it be the mere inflection of the angle of the 
jaw, the manner in which an insect’s wing is folded, 
whether the skin be covered by hair or feathers-if it 
prevail throngbout many aud different species, especially 
those having very different habits of life, it assumes high 
value ; for we can account for its presence in so many 
forms with such dif&rcut habits, only by inheritance 
from a common parent. We may err in this respect in 
regard to single points of structure, but when se.verral 
characters, let them be ever SO trifling, concur through- 
out a large group of being8 having dilI’erent habits, we 
rnsy feel almost sure, on the theory of descent, that 
(hcsz characters have been inherited from a common 
ancestor; and we know that such aggregated characters 
have especial value in classification. 

We can understand why a species or a group of 
ele&e~ may depart from its allies, in several of ita most 
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important characteristics, and y eL Le safely cla.+z.ed wi tll 
them. This may be safely done, and is often done, a~ 
long as a sufficient number of chamcters, let them be ever 
so unimportant, betrays the hidden bond of community 
of descent. Let two forms have not a siqqle character 
in common, yet, if these extreme forms are connectecl 
together by a chain of intermediate groups, we may at, 
once infer t,heir community of descent, and we put them 
all ‘hto the same class. As we find organs of high 
physiological importance--those which serve to preserve 
life under the most diverse conditions of existence-are 
generally the moat constant, we attach especial value to 
them ; but, if these same organs, in another group or 
section of tx group, are found ti differ much, we at once 
value them less in our classification. We shall presently 
see why embryological characters arc of such high classi- 
ficatory importance. Geographical distribution may 

sometimes be bi-ou# usefully into play in classing 
large genera, because all the species of the same genus, 
inhabiting nny distinct and isolated region, are in all 
probability descended from the aamc parents. 

Analogical &semblances.-We can understand, on 
the above views, the very important distinction between 
real afIinitics and analogical or adaptive resemblances. 
Lamarck fjrst called attention to this subject, and he 
has .been ably followed by Macleay and others. The 
resemblance in the shape of the body and in the fin-like 
anterior limbs between dugongs and whales, and between 
these two orders of mammals and fishes, are analogical. 
So is the resemblance between a mouse and a shrew- 
mouse (Sorex), which belong to different orde,rs ; and 
tllc still closer resemblance, insisted on hy Mr. Mivnrt, 

between the mouse and a small marsupial animal 
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(Antechinus) of Australia. These latter resembIances 
may be accounted for, as it seems to me, by adaptation 
for similarly active movements through thickets and 
herbage, together with concealment from enemies. 

Amongst insects there are innumerable similar in- 
stances ; thus Linnaeus, misled by external appear- 
ances, actually classe~d an homopterous insect as a moth. 
We see something of the same kind even with our 
domestic varieties, as in the strikingly similar shape 
of the body in the improved breeds of the Chinese and 
common pig, which are descended from distinct species ; 
and in the similarly thickened stems of the common and 
specifically distinct Swedish turnip. The resemblance 
between the greyhound and the racehorse is hardly more 
fanciful than the analogies which have been drawn by 
~UIH~: it~lt~ru ?~tAween widely different animals. 

On the view of characters being of real importance 
for classification, only in so fax as they reveal descent, 
we ca.n clearly understand why analogical or adap- 
tive characters. although of the utmost importance t,o 
the welfare of the being, are almost valueless to the 
systematist. For animals, belonging to two most 
distinct lines of descent, may have become adapted to 
similar conditions, and thus have assumed a close 
external resemblance; but such resemblances will not 
reveal-will rather tend to conceal their blood-rclation- 
ship. We can thus also understand the apparent 
paradox, t,hat the very same characters are analogical 
;,-Ilen one group is compared with another, but give true 
&inities when the members of the same group are 
i omparsd together : thus, the shape of the body and 

fin-like limbs are only analogical when whales are 
mmpared with fishes, being adaptations in both clases 

40 
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for swimming through the water; but between the 
several members of the whale family, the shape of the 
body and the fin-like limbu u&r characters exhibiting 
true affinity ; for as these parts are so nearly similar 
thoughout the whole f2miIy, we cannot doubt that, t.hey 
have been inherited from a common ancestor. So it is 
with fishes. 

Numerous cases could be given of striking re.semblancee 
in quite distinct beings between single parts or organs. 
which have been adapted for the same functions. A 
good instance is afforded by the close resemblance of the 
jaws of the do, 0 and Tasmanian wulf UI Thyla&uu,- 
animals which are widely sundered in the natural sys- 
tem. But this rcocmblanee ia confined to general appear.- 
ante, as in the prominence of the canines, and in the 
cnttillg shape of the molar teeth. For the teeth really 
ditkr much: thus the dog has on each side of the upper 
jaw four pre-molars and only two molars; whilst the 
Thylacipus has three pre-molars and four molars. The 
molars also difl’er much in the two animals ir1 relative 
size and structure. The adult cle.nCtion is preceded by 
a widely different milk dentition. Any one may of 
cvurse deny that the t&h in either case have been 
adapted for tearing flesh, through the natural selection 
of successive variations; hut if this be admitted in the 
one case, it is unintelligible to me that it should be 
denied in the other. I am glad to find that so high an 
authority as Professor Flower has come to this same 
tidusion. 

The extraordinary cases given in a former chapter, of 
widely different fishes possessing electric organs,-of 
widely cliECcl-exit insect.5 possessing luminous org~n9,-- 
and of orchids and asclcpinds having pollen-masses 
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with viscid discs, come under this same head of ana- 
logical rc?scmbIanccs. But these cases itre so wol&~~t~l 
that they were introduced as difficulties or ohjoctiuns 
to our theory. In all such cases snme fundamental 
difference in t,he growth or development of the parts, 
and generaIly in tllcir matured structure, can be 
detected. The cud gained is the same, but the means, 
though appearing superficially to he the same, are 
essentially different. The principle formerly alluded to 
under the term of anaEo,gicaZ variat,ion has probably in 
these caaeS often come into play ; that is, Lb members 
of the same class, although only distantly allied, have 
inherited RCI much in cnmmon in their constitution, 
that they are apt to vary under similar exciting causes 
in a similar manner; and this would obviously aid in 
the acquirement through natural selection of parts or 
organs, strikingly like each other, independently of 
their direct inheritance from a common progenitor. 

As species belongins to distinct classes have often been 
aclnl)ted by successive sIi;hL ~u&ficaLivns to live under 
nenrly similar circumstances,-to inhabit, for instance, 
the three elements of lalld, air, and water’,-wc can 
perhaps understand how it is that a numerical paral- 
lelism has sometimes been observed between the sub- 
groups of distinct classes. A naturalist, struck with a 
parallelism of this nature, by arbitrarily raising or 
siuking the value of the groups in several classes (and 
all our experience shows that their valuation is as yet 
arbitrary), could easily extend the parallelism over B 
wide range; and thus the septenary, @nary, qwter- 
nary aud ternary classifications have probably uriscn. 

There is another and curious class of cases in which 
close external resemblance does not depend on ad&n- 
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t,inn to similar habits of life, but has been gained for 
the sake of protection. I allude to the wonderful 
manner in which certain butterflies imitate, as first 
described by Mr. Bates, other and quite distinct species 
l’hie txcullent observer has shown that in some districta 
of S. America, where, for instance, an Ithomia abounds 
in gaudy swarms, another butterfly, namely, a Leptalis, 
is often found mingled in the same flock ; and the 
latter so closely resembles the Ithomia in every shade 
and stripe of colour and even in the shape of its wings, 
that Mr. Bates, with his eyes sharpened by collecting 
during eleven years, was, though always on his guard, 
continually deceived. When the mockers and the 
mocked are caught and oomyared, Lhey are lLu~ld to be 
very different in essential structure, and to belong not 
only to distinct genera, but often to distinct families. 
Had this mimicry occurred in only one or two in- 
stauces, it might have been passed over as a strange 
coincidence. But, if we proceed from a district where 
one Leptalis imitates an Ithomia, another mocking and 
mocked species belonging to the same two genera, 
equally close in their resemblance, may be found. 
Altogether no less than ten genera are enumerated, 
which include species that imitate other butterflies. 
The mockers and mookod always inhabit the Bttmo 
region ; we never find an imitator living remote from 
the form which it imitates. The mockers are almost 
invariably rare insects ; the mocked in almost every 
-se abound in swarms. In the same district in whic!r 
a species of Leptalis closely imitates an Ithomia, there 
are sometimes other Lepidoptera mimicking the same 
lthomis: so that in the same place, species of thrr.9 
0 Ircnera cf butterflies a1.d even a moth are found all 
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closely resembling a butterfly belonging to a fourth 
genus. It deserves especial notice that many of the 
mimicking forms of the Leptalis, as well as of the 
mimicked forms, can be shown by a graduated series to 
&e merely varieties of the same species ; whilst others 
are undoubtedly distinct species. But why, it may be 
asked, are certain forms treated as tire mimicked and 
others as the mimickers 1 Mr. Bates satisfactorily 
answers this question, by showing t,hat the form which 
is imitated keeps the usual dress of the group to which 
it belongs, whilst, t,hhn connterfeiters have changed tlkr 
dress and do not resemble their nearest allies. 

We are next led to inquire what reason can be 
assigned for certain butterflies and moths so often 
assuming the dress of another and quite distinct form; 
why, to the perplexity of naturalists, has nature COR- 
descended to the tricks of the stage? Mr. Bates has, 
no doubt, hit on the true explanation. The mocked 
forms, which always abound in numbers, must habitu- 
ally e.sr.n.pe d&rnr.tinn to a large extent, otherwise they 
could not exist in such swarms ; and a large amount of 
evidence has now been collected, show@ that they are 
distasteful to birds and other insect-devouring animals. 
The mocking forms, on the other hand, that inhabit the 
same district, are comparatively rare, and belong to 
rare groups ; hence they must suller habitually from 
some danger, for otherwise, from the number of eggs 
laid by all butterflies, they would in three or four 
gmerations swarm over the whole country. Now if a 
tuember of one of these persecuted and rare groups were 
to szmme a dress so like that of a well-protected species 
that it continually deceived the practised eyes of an 
entomologist, it would often deceive predaceous birds 
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and insects, and thus often escape destruction. Mr. 
Bates may almost be said to have actually witnessed 
the procc33 by which the mimickers have come so 

closely to resemble the mimicked ; for he found that 
some of the forms of Leptalis w1Gc.h mimic so many 
other butterflies, varied in an ext,reme degree. In 0110 

district several varieties occurred, and of these one 
alone resembled to a certain extent, the common 
Ithomia of the same district. In another district there 
were two or three varieties, one of which was much 
commoner than the others, and this closely mocked 
another form of Ithomia. From facts of this nature, 

Mr. Bates concludes that the Leptalis first varies ; and 
when a variety happens to resemble in some degree 

any common butterfly inhabiting the same district, 
this variety, from its resemblance to a flourishing and 
little-persecuted kind, has a better chance of escaping 
destruction from predaceous birds and insects, and is 
consequently oftener preserved ;-“ the less perfect 
degrees of resemblance b&lb, generation after generation 
elimiwltxl, and wly Lb &or8 ML Lo prq~S;tLt: their 

kind.” So that here we have an excellent, illustration 
of natural selection. 

Messrs. Wallstee and Trimen have likewise described 
several equally striking cases of imitation in the 
Lepidoptera of the Malay Archipelago and Bfrica, and 
with some other insects. Mr. Wallace has also de- 
tected one such case with birds, but we have none 
with the larger quadrupeds. The much greater fro- 
quencr Df imitation with insects than with othe: 
animals, is probably the consequence of their small 
b&3 j insects cannot defend themselves, cxcopting 

indeed the kinds furnished with a sting, and I have 
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never heard of an instance of such kinAs mocking other 
insects, though they are mocked; insects cannot easily 
escape by flight from the larger animals which prey 
on them ; therefore, speaking metaphoricalIy, they are 
reduced, like most weak creatures, t,o trickery and 
dissimulation. 

It should be observed t,hat the process of imitation 
probably never commenced between forms widely dis- 
similar in dour. But starting with species already 
somewhat like each other, the closest resemblance, if 
beneficial, could readily be gained by the above means ; 
and if the imitated form was subsequently and gradu- 
ally modified through any agency, the imitating form 
would be led along the same track, and thus be altered 
to almost any extent, so that it might ultimately 
assume an appearance or colourillg wholly unlike thaL 

of the other members of the family to which it belonged. 
There is, however, some difEculty on this head, for it 
is necessary to suppose in some cases that ancient 
members belonging to several distinct groups, before 
they had diverged to their present extent, accidentally 
resembled a member of another and protected group in 
a sufficient degree to afford some slight protection ; this 

having given the basis for the subsequent acquisition of 
the most perfect resemtJzarice. 

On the Xature of the A&ities connecting Organic 
&GuJs.--As the modified descendants of dominant 
species, belonging to the larger genera, tend to inherit 
the advantages which made the groups ~XI which they 
belong large and their parents dominant, they are 
almost sure to spread widely, and to seize on more and 
more places in the economy of nature. The larger and 
more dominaut groups within each class thus tend to 
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go on increasing in size ; and they consequently sup. 
plant many smaller and feebler groups. Thus we can 
account for the fact that all organisms, recent and 
extinct, are inc.luded under a few great orders, and 
nwler still fewer classes. AS showing how few Ule 
higher groups are in number, and how widely they are 
spread throughout the world, the fact is striking that 
the discovery of Aust,ralia has not added an insect 
belonging to a new class ; and that in the vegetable 
kingdom, as I learn from Dr. Hooker, it has added only 
two or three families of small size. 

In the cl~apter VI.I Geulogi~~l Suol;eusion I albmpted 
to show, on the principle of each group having generally 
diverged much in character during the long-continued 
process of modification, how it is t,hat the more ancient 
forms of life oft,en present characters in some desee 
intermediate between existing groups. As some few of 
the old and intermediate forms have transmitted to 
the present day descendants but little modified, these 
constitute our so-called osculant or aberrant species, 
The more aberrant any form is, the greater must be the 
number of connecting forms which have been exter- 
minuted and utterly lost. And WC have some evidence 
of aberrant groups having suflered severely from ex- 
tinction, for they are almost always represented hp 
extremely few species ; and such species as do occur 
are genemlly very distinct from each other, which 
again implies extinction. The genera Omithorhyncltus 
and Lepidosircn, for example, would not have been less 
aberrant had each been represented by a dozen species, 
instead of as at present by a single one, or by two or 
three. We can, I think, account for this faot only by 
looking at aberrant groups as forms which have been 
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conquered by more successful competitors, with a few 
members stiIl preserved under unusualIy favonrable 
conditions. 

Mr. Waterhouse has remarked that, when a member 
MOI@I~ to one group of animals exhibits an affinity to 
a quite distinct group, this affinity in most cases is 
general and not specia1; thus, according to Mr. Water- 
house, of all Rodents, the hizcacha is most nearly related 
to Marsupials ; but in the points in which it approaches 
&is order, its relations are general, that is, not to any 
one marsupial species more than to another. As these 
points of affinity are believed to be real and not merely 
adaptive, they must be due in accordance with our view 
to inheritance from a common progenitor. Therefore 
we must suppose either that all Rodents, including the 
bizcacha, branched off from some ancient Marsr~yial, 
which will naturally have been more or less intermediate 
in character with respect to all existing Marsupials ; or 
that both Rodents and Marsupials branched off from a 
commnn progenitor, and that both groups have since 
undergone much modification in divergent directions. 
On either view we must suppose that 6he bizcacha has 
retained, by inheritance, more of the characters of its 
ancient progenitor than have other Rodents ; and there- 
fore it will not be specially related to any one existing 
Marsupial, but indirectly to all or nearly all Marsupjals, 
from having partially retained the character of their 
common progenitor, or of some early member of the 
bmup. On the other hand, of all Marsupials, as Mr. 
Waterhouse has remarked, the Phascolomys resembles 
most nearly, not any one species, but the general order 
of Rodents. In this case, however, it may be strongly 
suspected that the resemblance is only analogical, owing 
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tu the Phav~~lomys having become ada,pted to habits 
like those of a Rodent. The elder De Candulle hae 
made nearly similar observations on the general wturo 

of the affinities of distinct families of plants. 
On the principle of the multiplication and gradual 

divergence in character of the species descended from a 
common progenitor, together with their retention by 
inheritance of some characters in common, we can 
understand the excessively complex and radiating 
affinities by which all the members of the same family 
or higher group are connected together. For the com- 
mon progenitor of a whole family, now brolren up by 
extinction into distinct groups and sub-groups, will have 
transmitted some of its cha,ractcrs, modified in various 
ways and degrees, to a11 the species ; and they will 
consequently be related to each other by circuitous lines 
of affinity of various lengths (as may be seen in the 
diagram so often referred to), mounting up throqh 
many predecessors. As it is difficult to show the blood- 
relationship between the numerous kindred of any 
ancient and noble farnil>- eyen by the z&l of a plea.- 
logical tree, and almost impossible to do so without this 
aid, we can understand the extra.nrdin:r.ry difficulty 
which naturalists have experienced in describing, with- 
out the aid of a diagam, the various affinities which 
they perceive between the many living and extinct 

members of the same great natural class. 
Extinction, as we have seen in the fourth chapter, haa 

played an important part in defining and widening the 
intervals between the several groups in each class. We 
may thus account. for the distinctness of whole classes 
from each other-for inst,ance, of birds from all other 

vertebrate animals-by the belief that many ancient 
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forms of life have been utterly lost, through H hich the 
early progenitors of birds were formerly connected with 
the early progenitors of the other and at that time less 
differentiated vertebrate cIasses. There has been much 
less extinction of the forms of 1iTo wllil;h wnce connected 

fishes with batraehians. There has been still less 
within some whole classes, for instance the Crustacea, 
for here the most wonderfully diverse forms are still 
linked together by a long nnd only partially broken 
chain of affinit,ies. Extinction has only defined the 
groups : it has by no means made them ; for if every 
form which has ever lived on this earth were suddenly 
to reappear, though it would be quite impossible to give 
definitions by which each group could be distiuguished, 
still a natural classification, or at least a natural 
arrangement, would be possible. We shall see this by 

turning to the diagram; the letters, A to L, may represent 
eleven Silurian genera, some of which have produced 
large groups of modified descendants, with every link in 

ench branch and sub-branc.h still alive; and the links 
not greater than those between existing varieties. Ill 
this case it would be quite impossible to give definitions 

by which the several members of the several groups 
could be distinguished from their more immediate 
pareuts and descendants. Yet tbo nrrangcmcnt in the 

diagram would still hold good and would be natural ; 
for, on the principle of inheritance, all the forms 
descended, for instance, from A, would have something 
in common. In a tree we can distinguish this or that 
branch, though at the actual fork the two unite and 
blend together. We could not, as I have said, define 
the several groups; but we could pick out types, or 
forms, representing most of the characters of each group, 
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whether laqe w ~mal.I, and thus give a general idea 
of the value of the differences between them. This is 
what we should be driven to, if WC were ever to succeed 
in WUecting all the forms in any one class which have 
lived throughout all time and space. Assuredly we 
shall never succeed in making so perfect a collection : 
nevertheless, in certain classes, we are tending towards 
this end ; and Milne Edwards has lately insisted, in an 
able paper, on the high importance of looking to types, 
whether or not we cart separate and define the groups 
to which such types belong. 

Finally, we have Been that natural selection, which 
follows from the struggle for existence, and which almost 
inevitably leads to extir&on and divergence of charao~ 
ter in the descendants from any one parent-species, 
explains that great and universal feature in the affinities 
of all organic beings, namely, their subordination in 
group under group. We use the element of descent in 
classing the individuals of both sexes and of all ages 
under one species, although they may have but few 
&ara&era in common; we use das~cnt in classing 
aeknowlcdged varieties, however different they may he 
from their parenta; and I believe that this clement of 
descent is the hidden bond of conncxion which natur- 
alists have sought under the term of the Natural S:ystem. 
On this idea of the natural system being, in so far as it 
has been perfected, genealogical in its arrangement, 
with the grades of difference expressed by the terms 
genera, families, orders, kc., we can understand the 
rules which we are compelled to follow in our classifi- 
cation, We can understand why we value certain 
resemblances far more than others j why we use 
rudimentary and useless organs, or others of trifling 
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physiological importance ; why, in finding the relations 
between one goup and another, we summarily reject 
analogical or adaptive characters, and yet use these 
same characters within the limits of the same group. 
We can clearly see how it is that all living and extinct 
forms can be grouped together within a few great 
classes ; and how the several members of each class are 
connected together by the most complex and radiating 
lines of affinities. We shall never, probably, disentangle 
t.he inextricable web of the affinities between the mem- 
bers of any one class ; but when we have a distinct 
object in view, and do not look to some unknown plan 
of creation, we may hope to make sure but slow 
progress. 

Professor Hgckel in his ‘ Generelle Morphologie ’ and 
in other works, has recently brought ‘his great knowledge 
and abilities to bear on what he calls phylogeny, or the 
lines of descent of till organic beings. In drawing up 
the several series he trusts chiefly to embryological 
characters, but receives aid from homologous and rndi- 
mentary organs, as well as from the successive periods 
at which the various forms of life are believed to have 
first appeared in our geological formations. He has thus 
boldly made a great beginning, and shows us how 
classification will in the future be treated. 

We have seen that the members of the same class, 
independently of their habits of life, resemble each other 
in the general plan of their organisation. This resem- 
blance is often expressed by the t,erm “ unity of type ; ” 
or by saying that t,he several parts and organs in the 
di%rcnt species of the class are homologous. The 
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whole subject is included under the general term of 
Morphology. This is one of the most, interesting de- 
partments of naturd.1 IlisLury, arid may almost be said t.0 
be its very soul. What can be more curious than that 
the hand of a man, formed for gmsping, that of n mole 
for digging, the leg of the horse, the paddle of the por- 
poise, and the wing of the bat, should all be constructed 
on the same pattern, and should include similar borles, 
in the same relative positions ? How curious it is, to 
give a subordinate though striking instance, that the 
hind-feet of the kangaroq which are so well fitted for 
bounding over the open plains,-those of the climbing, 
leaf-eating koaL%, equally well fitted for grasping the 
bmnchos of trees,-those of the ground clwclling, insect 
or root eating, bandicootq-and those of some other 
dustralian marsupials,-should all be constructed on 
the same extraordinary type, namely with the bones of 
the second and third digits extremely slender and 
enveloped within the same skin, so that they appear like 
a single toe furnished with two claws. Notwithstand- 
mg this simikarity of pattern, it is obvious that the 
hind feet of these several animals are used for as widely 
different p~~rposcs as it ia possible to conceive. The 
case is rendered all the more striking by the American 
opossums, which follow nearly the same hahits nf life as 
some of their Australian relatives, having feet con- 
structed on the ordinary plan. Professor Flower, from 
whom these statements are taken, remarks in conclusion : 
“We may call this conformity to type, without getting 
much nearer to an explanation of the phenomenon ; ” 
and he then adds “but is it not powerfully suggestive 
of true rdations!Gp, of iuheritsnco from 2. collluluI~ 
ar1ccstLx 3 !’ 
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Geoffroy St. IIilaire has strongly insisted on the high 
importance of relative position or connexion in homo- 
logous parts; they may differ to almost any extent in 
form and size, and yet remain connected together in the 
same invarialle order. We never find, for instance, the 
bones of the arm and fore-arm, or of the tll.igh and leg, 
transposed. Hence the same names can be given to the 
homologous bones in widely different animals. We see 
the same great law in the construction of the mouths of 
insects : what can be more different than the immensely 
lonf~ spiral proboscis of a sphinx-moth, the curious 
folded one of a bee or bug, and the great jaws of a 
beetle ?-yet all these organs, serving for such widely 
different purposes, are formed by infinitely numerous 
modifications of an upper lip, mandibles, and two pairs 
of maxilke. The same law governs the construction of 
the mouths and limbs of crust.aceans. So it is with the 
flowers of plants. 

Nothing can be more hopeIesa than to attempt to 
explain this similn.rity of patkern in mc.mhers of the 

same class, by utility or by the doctrine of final causes. 
‘Ihe hopelessness of the attempt has been expressly 
admitted by Cwcn in his most interesting work on the 
‘Nature of Limbs.’ On the ordinary view of tho 
independent creation of each being, we can only say 
that, so it is ;-that it has pleased the Creator to con- 
btluCt, all the animals and plants in each great class on 
a uniform plan ; but this is not a scientific explanation. 

The explanation is to a large extent simple on the 
theory of the selection of succ.essive slight modifica- 
Lions,-each modification being profitable in some way 
to the modified form, but often affecting by correlation 
other parts of the orgnisation. In changes of this 
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nature, there will be little or no tendency to altax the 
original pattern, or to transpose the parts. The bones 
of a limb might be shortened and flattened to any 
extent, becoming at the same time enveloped in thick 
mcmluxne, so as to serve <a~ a fin ; nr a webbed hand 
might have all its bones, or certain bones, lcngt!lened 
to any extent, with the membrane connecting them 
increased, so as to serve as a wing ; yet all these 
modifications would not tend to alter the framework of 
the bones or the relative connexion of the parts. If 
we suppose that an early progenitor-the archetype as 
it may be called-of all mammals, birds, and reptiles, 
had its limbs constructed on the existing general 
pattern, for whatever purpose they served, we can at 
ouce perceive the plain signification of the homologous 
construction of the limbs throughout the class. So 
with the mouths of insects, we have only to suppose 
that their common progenitor had an upper lip, 
mandibles, and two pairs of maxilke, these parts 
being perhaps very simple in form ; and then natural 
selection will account for the infinite diversity in the 
structure and functions of the mouths of insects. 
Nevert,heless, it is conceivable that tllc general pattern 
of an organ might become so much obscured as to be 
finally lost, by the reduction and ultimately hy the 
complete abortion of certain parts, by the fusion of 
oQler parts, and by the doubling or multiplication of 
others,- variations which we know to be within the 
limits of possibility. In the padtlles of the gigantic 
extinct sea-lizards, and in the mout,hs of certain 
suctorial crustaceans, the general pattern seems thus 
to have bec;ome partially obscured. 

There is another aud equally curious branch of our 



CllAP. XIV.] MORPHOLOGY. 235 

subject ; namely, serial homologies, or the comparison 
of the different parts or organs in the same individual, 
and not of the same parts or organs in different 
members of the same class. Most physiologists believe 
that the bones of the skull are homologous-that is, 
correspond in number and in relative connesion-with 
the elemental parts of a certain number of vertebra. 
The anterior and posterior limbs in. all the higher 
vertebrate classes are plainly homologous. So it is 
with the wonderfully complex jaws and legs of crus- 
taceans. It is familiar to almost every one, that in 
a flower the relative. position of the sepals, petals, 
stamens, and pistils, as well as their intimate structure, 
are intelligible on the view that they consist of meta- 
morphosed leaves, arranged in a spire. In monstrous 
plants, we often get direct evidence of the pussibtiity of 
one organ being transformed into another ; and we can 
actually see, during the early or embryonic stages of 
development in flowers, as well as in crustaceans and 
many other animals, that organs, which when mature 
become extremely difrcrent are at first exactly alike. 

How inexplicable are the cases of serial homoIo@es 
on the ordinary view of creation ! Why should the 
brain be enclosed in a box composed of such numerous 
aud such extraordinarily shaped pieces of bone, appa- 
rsntly representing vertebra ? AS Owen has remarked, 
the benefit derived from t!ie yielding of the separate 
lneces in the act of parturition by mammals, will by 
no means explain the same construction in the skulls 
of birds and reptiles. Why should similar bones have 
been created to form the wing and the leg of a bat, 
used as they are for such totally different purpmes, 
namely flying and walking? Why should one crus. 

41 
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taceau, which has an extremely complex mouth formed 
of many parts, consequently always have fewer legs ; 
OP conversely, those with mxny legs have simpler 
mouths 1 Why should the sepals, petals, stamens, and 
pistils, in each flower, though fitted for such distinct 
purposes, be all cnnstructed on the same pattern 1 

On the theory of natural selection, we can, to a 
certain extent, answer these questions. We need not 
here consider how the bodied of some animals first 
became divided into a series of segments, or how they 
became divided into right and left sides, with corre- 
sponding organs, for such questions are almost beyond 
investigation. It is, ho-.vcver, probable that some serial 
structures are the result of cells multiplying by division, 
entailing the multiplication of the parts developed from 
such cells. It must suffice for our purpose to bear in 
mind that an indefinite repetition of the same part or 
organ is the common characteristic, as Owen has 
remarked, of all low or little specialised forms; there- 
fore the unknown progenitor of the Vertebrata probably 
possessed many vcrtcbr: ; tho unknown progenitor of 
the Articulata, many segments; and the unknown 
prngenitor of flowering plants, many leaves arranged in 
one or more spires. We have also formerly seen that 
parts many times repeated are eminently liable to vary, 
not only in number, but in form. Consequently such 
parts, being ‘already present in considerable numbers, 
and being highly variable, would naturally afford the 
materials for adaptation to the most different purposes ; 
yet they would generally retain, through the force of 
inheritance, plain traces of their original or fundamental 
resemblance. They wnuld retain this resemhlanrfi all 
the more, as the variations, which afforded the basis for 
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their subsequent modification through natural selection, 
would tend from the first to be similar; the parts 
being at an early stage of growth alike, and being 
subjected to nearly t,he same conditions. Such parts, 
whether more or less modified, unless their common 
origin became wholly obscured, would be serially 
homologous. 

In the great class of molluscs, though the parts in 
distinct species can be shown to be homologous, only a 
few serial homologies, such as the valves of Chitons, 
can be indicated ; that is, we are seldom enabled to say 
that one part is homologous with another part in the 
same individual. And we can understand this fact; 
for in molluscs, even in t,he lowest members of the 
class, we do not find nearly so much indefinite repetition 
of any vne pzrt as we find in the other great classes of 
the animal and vegetable kingdoms. 

But morphology is a much more complex subject 
than it at first appears, as has lately been well shown 
in a remarkable paper by Mr. E. Ray Lankester, who 
has drawn an important distinction between certain 
classes of cases which have all been equally ranked by 
naturalists as homologous. He proposes to call the 
structures which resemble each other in distinct 
animals, owing to their descent from a common 
progenitor with subsequent modification, homogenou.r; 
and the resemblances which cannot thus be accounted 
for, he proposes to call homoplastic. For instance, he 
t&eves that the hearts of birds and mammals are as a 
whole homogenous,-that is, have been derived from a 
common progenitor; but that the four cavities of the 
heart in the two classes are homoplastic,-that is, have 
been independently developed. ILtr. Lankester also 
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adduce.9 the close resemblance of the parts on the right 
and left sides of the body, and in the successive 
segments of the same individual animal; and here WVB 

have parts commonly called homologous, which bear 
no relation to the descent of distinct spxies from a 
common progenitor. Homoplastic structures are the 
same with those which I have classed, though in a very 
imperfect manner, as analogous modifications or re- 
semblances. Their formation may be attributed in part 
to distinct organisms, or to distinct parts of the same 
organism, having varied in an analogous manner; and 
in part to similar modifioaLions, having beeu preserved 
for the same general purpose or function,--of which 
many instances have been given. 

Naturalists frequently speak of the skull as formed 
of metamorphosed vertebra! ; t,he jaws of crabs as 
metamorphosed legs ; the stamens and pistils in ilowers 
as metamorphosed leaves ; but it would in most cases 

be more correct, as Yrofessor IIuxley has remarked, to 
speak of both skull and vertebrae, jaws and legs, &c., as 
having been metamorphosed, not one from the other, as 
they now exist, but from some common and simpler 
e1cmcnt. Most naturalists, however, use such language 
only in a metaphorical sense ; they are far from meaning 
that during a long course of descent, primordial organs 
of any kind-vertebraz in the one case and legs in the 
other-have actually been converted into skulls or jaws. 

Yet so strong is the appearance of this having occurred, 
that naturalists can hardly avoid employing language 
having this plain signification. According to the views 
here maintained, such language may be used literally ; 
and the wonderful fact of the jaws, for inatanee, of a 
crab retaiuing numerous characters which they probably 
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would have retained through inheritance, if they had 
really been metamorphosed from true though extremely 
simple legs, is in part explained. 

Development and EmLqology. 

This is one of the most important subjects in the 
whole round of natural history, The metamorphoses of 
insects, with which every one is familiar, are generally 
effected abruptly by a few stages; but the transforma- 
tions are in reality numerous and gradual, though 
concealed. A certain ephemerous insect (ChlGeon) 
during its development, mode, as shown by Sir J. 
Lubbock, above twenty times, and each time undergoes 
a certain amount of change ; and in this case we see 
the act of metamorphosis performed in a primary and 
gradual manner. Many insects, and especially certain 
crustaceans, show us what wonderful changes of 
structure can be effected during development. Such 
changes, however, reach their acme in the so-called 
alternate generations of some of the lower animals. It 
is, for installce, an astonishing fact that a delicate 
branchir;g coralline, studded with polypi and attached 
to a submarine rock, should produce, first by budding 
and then by transverse division, a host of huge floating 
jelly-fishes ; and that these should produce eggs, f?om 
which are hatched swimming animalcules, which attach 
themselves to rocks and become developed into branch- 
ing corallines ; and so on in an endless cycle. The 
be4ief in the essential identity of the process of 
alternate generation and of ordinary metamorphosis 
has been greatly strengthened by Wagner’s discovery 
of the larva or maggot of a fly, namely the Cecidomyia, 
producing asexually other larvip, and these others, which 
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finally are developed into mature males and females, 
propagating their kind in the ordinary manner by eggs. 

IL umy Le worth notice that when Wagner’23 rcmak 
able discovery was first announced, I was asked how 
was it possible to account, for the larvae of this fly 
having acquired the power of asexual reproduction. As 
long as the case remained unique no answer could be 
given. But already Grimm has shown that another fly, 
a Chironomus, reproduces itself in nearly the same 
manner, and he believes that t,his occurs frequently in 
the Order. It is the pupa, and’ not the larva, of the 
Chironomus whi& has this power; and Grimm further 
shows that this case, to a certain extent, “ unites that 
of the Cecidomyia with the parthenngenesis of t,he 
Cocci& ; ” -the term parthenogenesis implying that 
the mature females of the Coccidx are capable of 
producing fertile eggs without t,he concourse of the 
male. Certain animals belonging to severe1 classes are 
now known to have the power of ordinary reproduction 
at an unusually earIy age ; and we have only to acceler- 
ate parthenogenetic reproduction by ~mdual steps LO au 
earlier and earlier age,-Chironomns showing us an 
almost exactly intermediate sL%ge, viz., that of the pupa 
-and we can perhaps account for the marvellous case 
of the Ceeidomyia. 

It hag already been stated that v+ous parts in 
the same individual which are exactly alike du% 
ing an early embryonic period, become widely dif- 
ferent and serve for widely different purposes in 
the adult state. So again it h%s been shown that 
generally the embryos of the most distinct specicg 
belonging to the same &SE are closely simik, but 
become, when fully developed, widely dissimilar. A 
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better proof of this latter fact cannot be given t,han the 
statement by Van Rner that I‘ the embryos of mammalia, 
“ of birds, lizards, and snakes, probably also of chelonia, 
‘(are in their earliest states exceedingly like one another. 
“both as a whole and in the mode of development of 
I‘ their parts ; so much so, in fact,, that we can often 
“distinguish tho embryos only by their size. In my 
“possession are two little embryos in spirit, whose 
“names I have omitted to attach, and at present I am 
“quite unable to say to what class they belong. They 
‘(may be lizards or small birds, or very young mam- 
‘L malia, so complete is the similarity in the mode 
<‘of formation of the head and trunk in these animals. 
“The extremities, however, are still absent in these 
“embryos. But even if they had existed in the earliest 
“ stage of their development we should learn ncthing, for 
“ the feet of lizards and mammals, the wings and feet of 
“birds, no less than t,he hands and feet of mau, all arise 
“ from the same fundamental form.” The larvae of most 
crufitaceans, at corresponding stage3 of development, 

closely resemble each other, however diffiirent the 
adults may become; and so it is with very many other 
animals. A trace of the law of embryonic resemblance 
occasionally 1ast.s till a rather late age : thus birds of 
the same genus, and of allied genera, often resemble 
each other in their immature plumage; as we see in the 
spotted feathers in t,he young of the thrush group. In 
the cat tribe, most of the species when adult are striped 
3r spotted in lines ; and stripes or spots can be plainly 
distinguished in the whelp of the lion and the puma. 
We occasionally thnugh rarely see something of the 
same kind in plants ; thus the first leaves of the ulex or 
fume, and the first leaves of the phyllodirleous asacias, 
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are pinnate or divided like the ordinary leaves of the 
leguminosae. 

The points of structure, in which the embryos of 

widely different animals within the same class resemble 
each ot,her, oft,en have no direct relation to their 

conditions of existence. We can&, for instance, 
suppose that in the embryos of the vertebrata the 
peculiar loop-like courses of the arteri.es near the 
branchial slits are related to similar conditions,-in the 
young mammal which is uonrished in the womb of its 
mother, in the egg of the bird which is hatched in a 
nest, and in Lhe spawn of a frog under water. We have 

no more reason to believe in such a relation, than we 
have to believe that the similar bonos in the hand of a 

man, wing of a bat, and fin of a porpoise, are related to 
similar conditions of life. No one supposes that the 
stripes on the whelp of a lion, or t.he spots on the 
young blackbird, are of any use to these animals. 

The case, however, is different when an animal during 
any part of its embryonic ca.reer is active, and has to 
provide for itself. The period of activity may come on 
earlier or later in life; but whenever it comes on, the 
adaptation of the larva to ite conditions of life is just as 

perfect and as beautiful as in the adult animal. In how 
important a manner this has acted, has recently been 
well shown by Sir J. Lubbock in his remarks on the 
close similarity of the larva3 of some insects belonging tv 
very different orders, and on the dissimilarity of t.he 
larvae of other insects within the same order, according 
to their habits of life. Ow.ing to such adaptations, the 
airnils:ity of the larva of allied animals is sometimes 
greatly obscured ; especially when there is a division of 

labcur during the diflerent stages of development. QB 
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when the same larva has during one stage to search for 
food, and during another stage has to search for a place 
of attachment. Cases can even be given of the larva? of 
allied species, or groups of species, differing more from 
each other than do the adults. In most cases, however, 
the Iarvq though active, still obey, more or less closely, 
the law of common embryonic resemblance. Cirripedes 
afford a good instance of this; even the illustrious 
Cuvier did not perceive that a barnacle was a crustacean : 
but a glance at the larva shows this in an unmistakable 
manner. So again the two main divisions of cirripedes, 
the pedunculated and sessile, though differing widely in 
external appearance, have larvs in all their stages 
barely distinguishable. 

The embryo in the course of development generally 
rises i.u oqpuisaliuu ; I we Llris expressim, I,llougl~ I am 

aware that it is hardly possible to define clearly what is 
meant by the organisation being higher or lower. But 
no one probably will dispute that the butterfly is 
higher than the caterpillar. In some cases, however, the 
mature animal must be considered as lower in the scale 
than the larva, as with certain parasitic crustaceans. 
To refer once again to cirripedes : the larvae in the first 
stage have three pairs of locomotive organs, a simple 
single eye, and a probosciformed mouth, with which 
they feed largely, for they increase much in size. In 
the second stage, answering to the chrysalis stage of 
butterflies, they have six pairs of beautifully constructed 
natatory legs, a pair of magnificent compound eyes, and 
extremely complex antenme ; but they have a closed 
and imperfect mouth, and cannot feed : their function at 
this stage is, to search out by their well-developed 
organs of sense, and to reach by their active powers of 
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swimming, a proper place on which to become attached 
and to undergo their final metamorphosis. When this 
is completed they are fixed hr life : Lheir logs are now 
converted into prehensile crgans ; they again obtain a 
well-constructed mouth ; Lut they have no antennq rind 
their two eyes .zTe now re*>onverted into a minute, single, 
simple eye-sp0t. In t,his last and complete state, cirri- 
pedes may be considered as either more highly or more 
lowly organieed than they were in the larval condition. 
But in some genera the larva? become developed into 
hermaphrodites having the ordinary structure, and into 
what I have called complemental males; and in the 
latter the development has assuredly been retrograde, for 
the male is a mcro sack, which lives for a short time 
and is destitute of mouth, stomach, and every other 
organ of importance, excepting those for reproduction. 

We are so much accustomed to see a clifference in 
structure between the embryo and the adult, that we are 
tempted to look at this difference aa in some necessary 
manner contingent on growth. But there is no reason 
why, for instance, the wing of a bat, or the fin of a por- 
poise, should not have been sketched out with all their 
parts in proper proport,ion, as soon as any part became 
visiblo. In some whole groups of animals and in 
certain members of other groups this is the case, and 
the embryo does not at any period differ widely from 
the adult : thus Owen has remarked in regard to cuttle- 
fish, (‘there is no metamorphosis; the cephalopodia 
clmracter is manifested long before the parts of the 
embryo are completed.” Land-shells and fresh-water 
crustaceans are born having their proper forms, whilst 
the marine members of the same two piIt clwses pass 
through considerable and often great changes during 
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their development. Spiders, again, barely undergo any 
metamorphosis. The larva of most insects pass through 
a worm-like stage, whether they are active and adapted 
to diversified habits, or are inactive from being placed 
in the midst of proper nutriment or from being fii by 
their parents ; but in some few cases, as in that of 
Aphis, if we look to the admirable drawings of the 
development of this insect, by Professor Huxley, we see 
hardly any trace of the verrniform stage. 

Sometimes it is only the earlier developmental stages 
which fail. Thus Fritz Miiller has made the remarkable 
discovery that certain shrimp-like crustaceans (allied to 
Penccus) first appear under the simple nauplius-form, 
and after passing through two or more zoen-stages, and 
then through the mysis-stage, finally acquire their 
mature structure : now in the whole great malacostracan 
order, to which these crustaceans belong, no other 
member is as yet known to be first developed under the 
nauplius-form, though many appear as zoeas ; neverthe- 
less ~Miiller assigns reasons for his belief, that if there 
had been no suppression of development, all these 
crustaceans would have appeared as nauplii. 

How, then, can we explain these several facts in 
embryology,-namely, the very general, though not 
universal, difference in structure between the embryo 
and the adult * ,-the various parts in the same iu- 
dividual embryo, which ulhmately become very unlike 
and serve for diverse purposes, being at an early period 
of growth alike, *-the common, but not invariable, 
resemblance between the embryos or larva of the most 
distinct species in the same class ;-the embryo often 
retaining whilst within the egg or womb, structures 
which are of no service to it, either at that or at a later 
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period of life ; on the other hand larva?, which have to 
provide for their own wants, being perfectly adapted 
to the surrounding conditions ;-and lastly the fact of 

certain larvae standing higher in the scale of organisation 
than the mature animal into which they are rlevelaped 1 

I believe that all these facts can be explained, as follows. 
It is commonly assumed, perhaps from monstrosities 

tiecting the embryo at a very early period, that slight 
variations or individual differences necessarily appear 
at an equally early period. We have little evidence on 
this head, but what we have certainly points the other 
way; for it is notorious that breeders of cattle, horses, 

and various fancy animals, cannot positively tell, until 
some time after birth, what will be the merits or 

demerits of their young animals. We see this plainly 
in our own children; we cannot tell whether a child 
will be tall or short, or what its precise features will be. 
The question is not, at what period of life each variation 

may have been caused, but at what period the efrects 
are displayed. The cause may have acted, and I believe 
of&u. has u&d, WI one or both parents before the act of 
generation. It deserves notice that it is of no import- 

ance to a very young animal, as long as it remains in 

its mother’s womb or in the egg, or as long as it is 
nourished and protected by its parent, whether most of 
its characters are acquired a litt,le earlier or later in life. 

It would not signify, for instance, to a bird which 
obtained its food by having a much-curved beak 
whether or not whilst young it possessed a beak of this 
shape, as long as it was fed by its parents. 

I have stated in the first chapter, that at whatever 
age a variation first appears in the parent, it tends to 

re-appaar 3 a corresponding age in the offspring, 
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Certain variations can only appear at corresponding 
ages ; for instance, peculiarities in the caterpillar, 
cocoon, or imago states of the silk-moth: or, again, in 
the full-grown horns of cattle. But variations, which, 
for all that we can see mighl. have first appeared either 
earlier or later in life, likewise tend to reappear at a 
corresponding age in the offspring and parent. I am 
far from meaning that this is invariably the case, and 
I could give several exceptional cases of variations 
(taking the word in the largest sense) which have 
supervened at an earlier age in the child than in the 
parent. 

These two principles, namely, that slight variations 
generally appear at a not very early period of life, and 
are inherited at a corresponding not early period, 
explain, as I believe, all the above specified leading 
facts in embryolo,gy. But first let us look to a few 
analogous cases in our domestic varieties. Some 
authors who have written on Dogs, maintain that the 
pyhound and lmlldo,r thou,oh so different, are really 
closely allied varieties, descended from t,he same wild 
stock ; I tence I was curious to see how far their puppies 
differed from each other: I was told by breeders that 
they differed just as much as their parents, and t.his, 
judging by the eye, seemed almost Lo be the case ; but 
on actually measuring the old dogs and their six-days- 
old puppies, I found that the puppies had not acquired 
r&early their full amount of proportional difFerence. So, 
again, I was told that the foals of cart and race-horses 
-breeds which have been almost wholly formed by 
selection under domestication-differed as much as the 
full-grown animals ; but having had careful measure- 
ments made of the dams and of three-days-old colta of 
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KLG~ ad heavy cart-hums, I find that this is by no 
means the case. 

As we have conclusive evidenoe that the bropAs of 
the Pigeon are descended from a single wild species, I 
compared the young within twelve hours after being 
hatched ; I carefully measured the proportions (but 
will not here give the details) of the beak, width of 
mouth, length of nostril and of eyelid, size of feet and 
length of leg, in the wild parent-species, in pouters, 
fantails; runts, barbs, dragons, carriers, and tumblers. 
Now some of these birds, when mature, differ in so 
extraordinary a minner in the length and form of beak, 
and in other characters, that they would certainly have 
heen ranked as distinct genera. if fond in a state of 
nature. Ihit, when the nestling birds of these several 
breeds were placed in a row, tllough most of them could 
just be distinguished, the proportional differences in 
the above specified points were incomparably less than 
in the full-grown birds. Some characteristic points of 
difference-for instance, that of the width of mouth- 
could hardly be detected in the young. But there. wa.3 
one remarkable exception to this rule, for the young of 
the short-faced tumbler differed from the young of the 
wild rock-pigeon and of the other breeds, in almost 
exactly the same proportions as in the adult state. 

These facts are explained by the above two principles. 
Fanciers select their dogs, horses, pigeons, &c., for 
breeding, when nearly grown up: they are indifferent 
whether the desired qualities are acquired earlier or 
later in life, if the full-grown animal possesses them. 
And the cases just given, more especially that of thtl 
pigeons, show that the characteristic differences which 
have been accumulated by man’s selection, and which 
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give value to his breeds, do not generalIy appear at a 
very early period of life, and are inherited at a corre- 
sponding not early period. But the case of the short- 
faced tumbler, which when twelve hours old possessed 
its proper uhardcler-3, proves that this is nut the 
universal rule ; for here the characteristic diKerences 
must either have appeared at an earlier period than 
usua1, or, if not so, the differences must have been 
inherited, not at a corresponding, but at an earlier age. 

Now let us apply these two principles to species in a 
state of nature. Let us take a group of birds, descended 
from some ancient, form and modified through natural 
selection for different habits. Then, from the many 
slight successive variations having supervened in the 
several species at a not early age, and having been 
inhcritcd at a oorresponding age, the young wiI1 have 
been but little modified, and they will still resemble 
each other much more closely than do the adults,-just 
as we have seen with the breeds of the pigeon. We 
may extend this view to widely distinct structures and 
to whole classes. The fore-limbs, for instance, which 
once served as legs to a remote progenitor, may have 
become, through a long course of modification, adapted 
in one descendant to act as hands, in another aa paddles, 
in another as wings ; but on the above two p&ciples 
the fore-limbs will not have been much modified in the 
embgos of these several forms; although in each form 
the fore-limb will differ greatly in the adult state. 
Whatever influence long-continued use or disuse may 

have had in modifying the limbs or other pdrts of any 
species, this will chiefly or solely have affected it when 
nearly mature, when it was compelled to use its full 
powers to gain its own living ; and the eB’e& thus 
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produced will have been transmitted to t,he offspring at 
a corresponding nearly mature age. Thus the young 
will not be modified, or will be modified onIy in a &ight 
degree, through the effects of the increa.sed use or 
disuse of parts. 

With some animals the successive variations may 
have supervened at a very early period of life, or t.he 
steps may have been inherited at an earlier age than 
that at which they first occurred. In either of these 
cases, the young or embryo will closely resemble the 
mature parent-form, as we have seen with the short- 
faced tumbler. And this is the rule of development in 
certain whole groups, or in certain sub-groups alone, 
as with cuttle-fish, land-shells, fresh-water crustaceans, 
spiders, and some members of the great class of insects. 
With respect to the final cause of the young in such 
groups not passing through any metamorphosis, we can 
see that this would follow from the following contin- 
gences ; namely, from the young having to provide at a 
very early age for their own wants, and from their 
following the same habits of life with their parents ; for 
in this case, it would be indispensable for their existence 
that they should be modified in the same manner as 
their parents. Again, with respect to the singular fact 
that many terrestrial and fresh-water animals do not 
undergo any metamorphosis, whilst marine members of 
the same groups pass through various transformations, 
Fritz Miiller has suggested that the process of slowly 
modifying and adnptin, n an animal to live on the land 
or in fresh water, instead of in the sea, would be greatly 
simplified by its not passing through any larval stage ; 
for it is not probable that places well adapted for both 
khe larval and mature stages, under such new alit1 
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greatly changed habits of life, would commonly be found 
unoccupied or ill-occupied by other organisms. In this 
case the gradual acquirement at an earlier and earlier 
age of the adult structure would be favoured by natural 
selection; and all traces of former metamorphoses moulcl 
finally be lost. 

If, on the other hand, it profited the young of an 
animal. to follow habits of life slightly different from 
those of the parent-form, and cousequently to be con- 
st,ructed on a slightly different plan, or if it profited a 
larva already different from its parent to change still 
further, t,hen, on the principle of inheritance at corre- 
sponding ages, the young or the larvae might be rendered 
by natural selection more and more different from their 
parents to any conceivable extent. Differences in the 
larva might, also, become correlated with successive 
stages of its development ; so’tbat the larva, in the first 
stage, might come to differ greatly from the larva in the 
second stage, as is the case with many animals. The 
ad111t might also become fitted for sites nr hahits, in 
which organs of locomotion or of the senses, &c., would 
be useless; and in this case the metamorphosis would 
be retrograde. 

From the remarks just made we can see how by 
changes of structure in the young, in conformity with 
changed habits of life, together with inheritance at corres- 
ponding ages, animals might come to pass through stages 
of development, perfectly distinct from the primordial 
con& tion of their adult progenitors. Most of our best 
authorities are now convinced that the various larval 
and pupal stages of insects have thus been acquired 
through adaptation, and not through inheritance from 
some ancient form. The curious case of Sitar&-a 

42 
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beetle which passes through certain unusual stages of 
development-will illustrate how this might occur. 
The first larval form is described by 1%. Fabre, as an 
active, minute insect, furnished with six legs, two long 
anteunm, and four eyes. These larva are hatched in 
the nests of bees ; and when the male-bees emerge from 
their burrows, in the spring, which they do before the 
females, the larva spring on them, and afterwards crawl 
on to the females whilst paired with the m&s. Aa 
soon as the female bee deposits her eggs on the surface 
of the honey stored in the cells, the lanw of the Sitaris 
leap on the eggs and devour them. Afterwards they 
undergo a complete change ; their eyes disappear; their 
legs and antenna become rudimentary, and they feed on 
honey ; so that they now more closely resemble the 
ordinary larvae of insects; ultimately they undergo a 
further transformation, and finally emerge as the perfect 
beetle. Now, if an insect, undergoing transformations 
like those of the Sitaris, were to bccomc the progenitor 
of a whole new class of insects, the course of develop- 
ment of the new class would be widely different from 
that of our existing insects ; and the first larval stage 
certainly would not represent the former condition of 
any atlulL and ancient form. 

On the other hand it is highly probable that with 
many anim& the embryonic or larval stages show ua, 
more or less completely, the condition of the progenitor 
of the whole group in its adult state. In the great cleprr 
of the Crustacea, forms wonderfully distinct from each 
&her, namely, suctorial parasites, cirripedes, entomo- 
straea, and even the malacostraca, appear at first as 
larvae under the nauplius-form ; and as these larvae live 
aud feed in the open sea, and are not adapted for any 
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peculiar habits of life, and from other reasons assigned 
by Fritz Miiller, it is probable thnt at some very rcmoto 
period an independent adult animal, resembling the 
Xaupliu a, existed, and subsequently produced, along 
several divergent lines of descent, the above-named 
great Crustncesn groups. So again it is probable. from 
what we know of the embryos of mammals, birds, fishes, 
and reptiles, that these animals are the modified descen- 
dants of some ancient progenitor, which was furnished 
in its adult state with branch&, a swim-bladder, four 
fin-like limbs, and a long tail, all fitted for an aquatic 
life. 

As all the organic beings, extinct and recent, which 
have ever lived, can be arranged within a few great 
classes ; and as all within each class have, according to 
our theory, been connected together by fine gradations, 
L11e best, and, if our cullaaLionv were zlewiy perfect, 

the only possible arrangement, would be genealogical ; 
descent being the hidden bond of connexion which 
naturalists have been seeking under the term of the 
N&ml System. On this vice: we can understand how 
it is that, in the epes of most naturalists, the structure 
of tlw emllryo is even more important for rJassifinat,ion 

than that of the adult. In two or more groups of 
animals, however much they may difrer from each other 
in structure and habits in their adult condition, if they 
pass through closely similar embryonic stages, we may 
feel assured that they all are descended from one 
l.arcnt-form, and are therefore closely related. Thus, 
community in embryonic structure reveals community 
of descent ; but dissimilarity in embryonic development 
dtea not prove discornrnunity of descent, for in one of 
two groups the developmental stages may have been 
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suppressed, or may have been so greatly modified 
through adaptation to new habits of life, as to be no 
longer recognisable. Even in groups, in which the 
adulti have been modified to an extreme degree, com- 
munity of origin is often revealed by the structure of 
the larvae ; we have seen, for instance, that cirripedes, 
though externally so like shell-fish, are at once known 
by their larvae to belong to the great class of crustaceans. 
As the embryo often shows us more or less plainly the 
structure of the less modified and ancient progenit,or of 
t.he group, we can see why ancient and extinct forms so 
often resemble in their adult state the embryos of 
existing species of the same class. Agassiz believes this 
to be a universal law of nature ; and we may hope 
hereafter to see Lhe law proved true. It can, however, 
be proved true only in those cases in which the ancient, 

state of the progenitor of the group has not been wholly 
obliterated, either by successive variations having super- 
vened at a very early period of ,gowth, or by such 
variations having been inherited at an earlier age than 
that at which they first appeared. It should also be 
borne in mind, that the lnmmay be true, but yet, owing 
to the geological record not extending far enough back 
in time, may remain for a long period, or for ever, 
incapable of demonstration. The law will not strictly 
hold good in those cases in which an ancient form 
became adapted in its larv= state to some special line 
of life, and transmitted the same larval state to a mholo 
group of descendants; for such larval will not resemble 
any still more ancient form in its adult state. 

Thus, as it seems to me, the leading facts in 
embryology, which are second to none in importance, 
are explained on the principle of variations in the 
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many descendants from some one ancient progenitor, 
having appeared at a not very early period of life, and 
having been inherited at a corresponding period. Em- 
bryolo,y rises greatly in interest, when we look at the 
embryo as a picture, more or less ohscured, of the 
progenitor, either in its adult or larval state, of all the 
members of the same great class. 

&dimenntamJ, Atrophied, am? A htwtsd O~pns. 

Organs or parts in this strange condition, bearing the 
plain stamp of inubility, are extremely common, or even 
general, throughout nature. It would he impossible to 
name one of the higher animals in which some part or 
other is not in a rudimentary condition. In the mam- 
malia, for instance, the males possess rudimentary 
mammae ; in snakes one lobe of the lungs is rudimen- 
tary ; in hi& t.he “ hastad-wing ” may safely h 

considered as a rudimentary digit, and in some species 
the whole wing is so far rudimentary that it cannot be 
used for flight,. What can be more curious than the 
presence of teeth in fmtal whales, which when grown 
up have not a tooth in their heads ; or the teeth, which 
never cut through the gums, in the upper jaws of 
unborn calves ? 

Rudimentary organs plainly declare their origin and 
meaning in various ways. There are beetles belon,tig 
to closely allied species, or even to the same identical 
species, which have eit,her full-sized and perfect wings, 
or mere rudiments of memhrsne, which not rarely lie 
under wing-covers firmly soldered together; and in 
these cases it is impossible to doubt, that the rudiments 
represent wiqi3. Rudimentary organs sometimes retain 
their potentiality : this occasionally occurs with the 
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mammae of male mammals, which have been known to 
become well developed and to secrete milk. So again 
in the udders in the genus Bos, there are normally four 
developed and two rudimentary tea& ; but the latter in 
our du~uestk WWY somolirnes become well developed 
and yield milk. In regard to plants the petals are 
sometimes rudimentary, and sometimes well-developed 
in the individuals of the same species. In certain 
plants having separated sexes KBlreuter found that by 
crossing a species, in which the male flowers included a 
rudiment of a pistil, wikh an herma.phrodite species, 
having of course a well-developed pistil, the rudiment 
in the hybrid offspring was much increased in size; 
and this clearly shows that the rudimentary and perfect 
pistils are essentially alike in nature. An auimal may 
possess various parts in a perfect state, and yet they 
may in one sense be rudimentary, for they are useless: 
t,hus the tadpole of the common Salamander or Water- 
newt, as Mr. G. H. Lewes remarks, “has $ls, and 
“passes its existence in the water; but the Salamandra 
“ atra, which lives high up among the mountains, brings 
*’ forth its young frill-formed. This anirnd never lives 
“in the water. Yet if we open a gravid female, we 
” fmd tadpoles inside her with exquisilaly r~lhercd 
“gills ; and when placed in water they swim about 
“UC the tadpoles af the watcrmnowt. Obviou& this 
“aquatic organisation has no reference to the future 
“life of the animal, nor has it any adapt&ion to its 
U embryonic condition ; it has solely reference to ances- 
‘( tral adaptations, it repeats a phase in the development 
“ of its progenitors.” 

An organ, serving for two purposes, may become 
rudimentary or utterly aborted for one, even the more 
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important purpose, and remain perfectly efficient for 
the other. Thus in plants, the office of the pistil is to 
allow the pollen-tubes to reach the ovules within the 
ovarium. The pistil consists of a stigma supported 
on a style ; but in some Compositae, the male florets, 
which of course cannot be fecundated, have a rudimen- 
tary pistil, for it is not crowned with a stigma ; but the 
style remains weLl developed and is clothed in the usual 
manner with hairs, which serve to brush the pollen out 
of the surrounding and conjoined anthers. Again, an 
organ may become rudimentary for its proper purpose, 
and be used for a distinct one: in certain fishes the 
swim-bladder seems to be rudimentary for its proper 
function of giving buoyancy, but has become converted 
into a nascent breathing organ or lung. Many similar 
instances could be given. 

Useful organs, however litBe they may be develq&, 
unless we have mason to suppose that they were 
fnrmerly more highly developed, ought not to be con- 
sidered as rudimentary. They may be in a nascent 
c:d&ition, and in progress towards further development. 
Rudimentary organs, on the other hand, are either quite 
useless, such as teeth which never cut through the 
gums, or almost useless, such as the wings of an ostrich, 
which serve merely as sails. As organs in this con- 
dition would formerly, when still less developed, have 
ken of even less use than at present, they cannot 
formerly have been produced through variation and 
natural selection, which acts solely by the preservation 
of useful modifications. They have been partially 
retained by the power of inheritance, and relate to a 
fwlvler state of things. It is, howovcr, often difficult tu 
distinguish between rudimentary and nascent organs ; 
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for we can judge only by analogy whether a part is 
capable of further development, in which case alone it 
deserves to be called nascent. Organs in this condition 
will always be somewhat rare ; for beings thus provided 
will commonly have been supplantcd by thoir suooe~~ors 
with the same organ in a more perfect state, and conse- 
quently will have become long ago extinct. The wing 
of the penguin is of high service, acting a$ a fin; it 
may, thewfnre, rp.prP-gent, the nascent state of the wing : 
not that I believe this to be the case ; it is more pro- 
bably a reduced organ, modified for a new function : the 
wing of the Apteryx, on the other hand, is quite useless, 
and is truly rudimentary. Owen considers the simple 
filamentary limbs of the Lepidosiren as the ” be,@mings 
of organs which attain full functional development in 
higher vertebrates ; ” but, according to the view lately 
advocated by Dr. Giinther, they are probably remnants, 
consisting of the persistent axis of a fin, with the lateral’ 
rays or branches aborted. The mammary glands of the 
Ornithorhynchus may be considered, .iu cwnparisou 
with the udders of a cow, as in a nascent condition. 
The ovigcrous frena of certain cirripcdcs, which havo 
ceased to give attachment to the ova and are feebly 
developed, are nascent bran&k 

Rudimentary organs in the individuals of the same 
species are very liable tn vary in the degree of their 
development and in other respects. In closely allied 
species, also, the extent to which the same organ has 
heen reduced occasionally differs much. This latter fart 
is well exemplified in the state of the wings of female 
moths belonging to the same family. Rudimentary 
organs may be utterly aborted; and this implies, that 
in certain animals or plants, parts are entirely absent 
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which analogy would lead us to expect to find in them, 
and which are occminnally found in monstrous indivi- 
duals. Thus in most of the Scrophulariacere the fifth 
stamen ia utterly aborted ; yet we may conclude that a 
Bfth stamen once existed, for a rudiment of it is found 
in many species of the family, and this rudiment 
oeeasionally becomes perfectly developed, its may some-2 
times be seen in the common snap-dragon. In tracing 
the homologies of any part in different members of the 
same class, nothing is more common, or, in order fully 
to understand the relations of the parts, more useful 
than the discovery of rudiments. This is well shown 
in the drawings given by Owen of the leg-bones of the 
home, ox, and rhinoceros. 

It is an important fact that rudimentary organg, such 
as teeth in the upper jaws of whales and ruminants, can 
often be detected in the embryo, but afterwards wholly 
disappear. It is also, I believe, a’ universal rule, that 
a rudimentary part is of greater size in the p,mhryo 
relatively to the adjoining parts, than in the adult; so 
that the organ at this early age is less rudimentary, or 
even cannot be said to be in any degree rudimentary. 
Hence rudimentary organs in the adult are often said 
to have retained their embryonic condition. 

I have now given the leading facts with respect 
to rudimentary organs. In reflecting on them, every 
one must be struck with astonishment; for the same 
reasoning power which tells us that most parts and 
organs are exquisitely adapted for certain purposes, tells 
ua with equal plainness that these rudimentary or 
atrophied organs are imperfect and useless. In worka 
on natural history, rudimentary organs am generally 
uaid to have been created “for the sake of symmetry,” 
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or in order “ ta complete the scheme of nature.” But 
this is not an explanation, merely a re-statement of tho 
fact. Nor is it consistent with itself: thus the boa- 
constrictor has rudiments of hind-limbs and of a pelvis, 
and if it be said that these bones have been retain&i 
” to complete the scheme of nature,” why, as Professor 
Wcismann asks, have they not been retained by other 
snakes, which do not possess even a vestige of these 
same bonca ? What would be thought of an astronomer 
who maintained that the satellites revolve in elliptic 
courses round their planets I‘ for the s&e of symmetry,” 
because the planets thus revolve round the sun 3 An 
eminent physiologist accounts for the presence of rudi- 
mentary organs, by supposing that they serve to excrete 
matter in excess, or matter injurious to the system ; but 
can we suppose that the minute papilla, which often 
represents the pistil in male flowers, and which is 
formed of mere cellular tissue, can thus act ? Can we 
suppose that rudimentary teeth, which are subsequently 
absorbed, are beneficial to the rapidly growing embryonic 
calf by removing matter so precious as phosphate of 
lime ! When a man’s tingers have been amputated, 
imperfect nails have been known to appear on the 
stumps, and I could as soan believe that these vestiges 
of nails are developed in order to excrete harny matter, 
as that the rudimentary nails on the fin of the manatee 
have been developed for this same purpose. 

On the view of descent with modification, the ori@ 
of rudimentary organs is comparatively simple ; and we 
can understand to a large extent the laws governing 
their imperfect development: We have plenty of cases 
of rudimentary organs in our domestic productions,--as 
the stump of a tail in tailless breeds,-the vestige of an 
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ear in earle;s breeds of sheep,-the reappearance of 
minute drmgling horns in hornless breeds of cattle, 
more especially, according to Youatt, in young animals, 
-and the state of the whole flower in the cauliflower. 
We often see rudiments of various parts in monsters; 
but I doubt whether any of these casts throw light on 
the origin of rudimentary organs in a stltte of nature, 
further than by showi~-~g that rudiments can be pro- 
duced ; for the balance of evidence clearly indicates that 
species under nature do not undergo geat and abrupt 
changes. But we learn from the study of our domestic 
productions that the disuse of parts leads to their 
reduced size; and that the result is inherited. 

It appears probable that disuse has been the main 
agent in rendering organs rudimentary. It would at 
first lead by slow steps to the more and more complete 
reduction of a part, until at last it became rudimentary, 

--it9 in the case of the eyes of animals inhabiting dark 
oaverns, and of the Tvings of birds inhabiting oceanic 

islands, whic.11 have seldom been forced by beasts of prey 
b take flight, and have ultimately lost the power oi 
flying. Again, an organ, useful under certain conditions, 
might become injurious under others, as with the wings 
of beetles living on small and exposed islands ; and in 
this caee natural selection will have aided in reducing 
the organ, until it was rendered harmless and rudi- 
mentary. 

Any change in structure and function, which can be 
affected by small stages, is within the power of natural 
selection; so that an organ rendered, through changed 
llabits of life, useless or iujurious for one purpose, might 
be modified and used for another purpose. An organ 
might, azIso, be retained for one alone of its former func. 
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Cons. Organs, originally formed by the aid of natural 
selection, when rendered uselesa may well be variable, 
for their variations can no longer be checked by natural 
selection. All this agrees well with what we see under 
nature. Moreover, at whatever period of life either disuse 
or selection reduces an organ, and this will generally 
be when the being has wme to maturity and has to 
exert its full powers of action, the principle of inherit- 
ance at corresponding ages will tend to reproduce the 

organ in its reduced state at the same mature age, but 
will seldom affect it in the emhryo. Thus we can 

understand the greater size of rudimentary organs in 
the embryo relatively to the adjoining parts, and their 
lesser relative size in the adult. If, for instance, the 
digit of an adult animal was used less and less during 
many generations, owing to some change of habits, or if 
an organ or gland was less and less functionally exercised, 
we may infer that it would become reduced in size in the 
adult descendants of this animal, but would retain nearly 
its original standard of development in the embryo. 

There remains, however, this difficulty. After an 

organ has ceased being used, and has become in con- 
sequence much reduced, how can it be still further 
reduced in size until the meresi vestige is left; and 
how can it be finally quite cblit.erated ? It is scarcely 
possible that disuse can go on producing any further 
efiect after the organ has once been rendered functionlesz 
Some additional explanation is here requisite which I 
cannot give. If, for instance, it could be proved that 
every part of the organisation tends to vary in a greater 
degree towards diminution than towards augmentation 
of size, then we should be able to understand how an 
organ which has become useless would be rendered, in- 
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dependently of the effects of disuse, rudimentary and 
would at last be wholly suppressed ; for the variations 
towards diminished size would no longer be checked by 
natural selection. The principle of the economy of 
growth, explained in a former chapter, by which the 
materiala forming any part, if not useful to the pos- 
sessor, are saved as far as is possible, will perhaps come 
into play in rendering a useless part rudimentary. But 
this principle will almost necessarily be confined to the 
earlier stages of the process of reduction ; for we cannot 
suppose that a minute papilla, for instance, representing 
in a male flower the pistil of the female flower, and 
formed merely of cellular tissue, could be further reduced 
or absorbed for the sake of economising nutriment. 

Finally, as rudimentary organs, by whatever stepa 
they may have been degraded into their present useless 
condition, are the record of a former &ate of things, and 
have been retained solely through the power of inherit- 
ante,-we can understand, on the gencalogioal view of 
classification, how it is that systematists, in placing 
olganisrns in their proper places in the natural system, 
have often found rudimentary parts as useful as, or even 
somotimes more useful t,hnn, parts of high physiological 
importance. Rudimentary organs may be compared 
with the letters in a word, still retained in the spelling, 
but become useless in the pronunciation, but which serve 
aa a clue for its derivation. On the view of descent 
with modification, we may conclude that the existence 
of organs in a rudimentary, imperfect, and useless con- 
cUron, or quite aborted, far from presenting a strange 
diticulty, as they assuredly do on the old doctrine of 
creation, might even have been anticipated in accordance 
with the views here explained, 
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Summary. 

In this chapter I have attempted to show, that the 
arrangement of all organic beings throughout all time 
in groups under groups- that the nature of the relation- 
ships by which all living and extinct organisms are 
united by complex, radiating, and circuitous lines of 
tlfiniLitz3 inLo ti few grand &sw3,-thtf rules followed 
and the difficulties encountered by naturalists in their 
cla.dkations,-the value set upon characters, if constant 
and prevalent, whether of high or of the most trifling 
importance, or, as with rudimentary organs, of no 
importance,-the wide opposition in value between 
analogical or adaptive characters, and characters of true 
afEnity ; and other such rules ;-all naturally follow if 
we admit the common parentage of allied forms, together 
with their modification through variation and natural 
selection, with the contingencies of extinct.ion and di- 
vergence of character. In considering this view of classifi- 
cation, it should be borne in mind that the element of 
descent has been universally used in ranking together 
the sexes, ages, dimorphic forms, and acknowledged 
varieties of the same species, however much they may 
differ from each other in structure. If we extend the 
rise of this element of descent,-the one certainly 
known cause of similarity in organic beings,-we shall 
understand what is meant by the Natural System: 
it is genealogical in its attempted arrangement, 
with the grades of acquired difference marked by 
the terms, varieties, species, genera, families, orders, 
and classes. 

On this same view of descent with modification, most 
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of the great facts in Morphology become intelligible,- 
whether we look to the same pattern displayed by the 
different species of the same class in their homologous 
organs, to whatever purpose applied ; nr to the serial 
uod lateral homologies in each individual animal and 
plant. 

On the principle of successive slight variations, not 
uccessarily or generally supervening at a very early 
periodof life, and being inherited at a corresponding 
period, we can understand the leading facts in Embry- 
ology ; namely, the close resemblance in the individual 
embryo of the parts which are homologous, and which 
when matured become widely different in structure and 
function ; and the resemblance of the homologous parts 
or organs in allied though distinct species, though fitt.ed 
in the adult state for habits as different as is possible. 
Larr-z are active embryos, which have LWLI specially 
modified in a greater or less degree in relation to their 
habib of life, with their modifications inhcrihd at a 
corresponding early age. On these same principleq- 
and bearing in mind that W~CTI organs are reduced in 
size, either from disuse or through natural selection, it 
will generally be at that period of life when the being 
has t,o provide for its own wants, and bearing in mind 
bow strong is the force of inherit,wx+-the occurrence 
of rudimentary organs might even have been anticipated. 
The importance of embryological characters and of rude- 
lnenw organs in classification is intelligible, on the 
vjew that a natural arrangement must be genealogical. 

Fi&ly, the several classes of facts which have h&n 
considered in this chapter, seem to me to proclaim so 
plainly, that the innumerable species, genera and 
f&es, with which this world is peopled, are aI] 
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descended, each within its own class or group, fro= 
common parents, and have all been modified in the 
course of descent, that I should without hesitation adopt 
this view, even if it were unsupported by other facts or 
arguments 
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CHAPTER XV. 

RECAPITULATION AND CONXTJSION. 

Recapitulation of the objections to the theory of Natural !?eieotion 
-Recapitulation of the general and special circumstances in its 
favour-Causes of the general belief in the immutability of 
species -Horn far the theory of Natural Selection may be 
extended -Effects of its adoption on the study of Natural 
History-Concluding remarks. 

As this whole volume is one long argument, it may 
be convenient to the reader to have the leading facts 
and inferences briefly recapitulated. 

That many and serious objections may be advanced 
a,rrainst the theory of descent with modificntinn through 
variation and natural selection, I do not deny. I have 
endeavoured to give to them their full force. Nothing 
at first can appear more diificult, to believe than that 
the more complex organs and instincts have been per- 
fected, not by means superior to, though analogous with, 
human reason, but by the accumulation of innumerable 
slight variations, each good for the individual possessor. 
Nevertheless, this difficulty, though appearing to our 
imagination insuperably great, cannot be considered 
EVA if we admit the following propositions, namely, 
that all parts of the organisation and instincts oflkr, at 
least, individual differences-that there is a struggle for 
existence leading to the preservation of profita& &via- 

tions of structure or instinct-and, lastly, that gradations 
48 



2G8 RBCAPITULATION. [CIL4P. xv. 

in the state of perfection of each organ may have existed, 
each good of its kind. The truth of these propositions 
cannot, I think, be disputed. 

It is, no doubt, extremely difficult even to conjecture 
by what gradations many etructurcs hnve been perfcotect, 
more especially amongst broken and faiIing groups of 
organic beings, which have suffered much extinction; 
but we see so many strange gradations in nature, that 
WA ol@t to be extremely cautious in saying that any 
organ or instinct, or any whole structure, could not have 
arrived at its present state by many graduated steps. 
There are, it must be admitted, cases of special difficulty 
opposed to the theory of natural selection ; and one of 
the most curious of these is the existence in tLe same 
community of two or three defined castes of workers or 
sterile female ants; but I have attempted to show how 
these difficulties can be mastered. 

With respect to the almost universal steriIity of 
species when first crossed, which forms so remarkable a 
contrast with the almost universal fertility of varieties 
when crossed, I muse refer the reader to the recapitula- 
tion of I&. facts given at t.he end of the ninth chapter, 
which seem to me conclusively to show that this sterility 
is no more a spcoial ondowment than is the incapacity of 
two distinct kinds of trees to be grafted together; but 
that it is incidental on cliffmwr.es r.nnfined tn the repti 
ductive systems of the intercrossed species. We see the 
t.ruth of this conclusion in the vast difference in the 
results of cmssing the same two species reciprocally,- 
that is, wheL one species is first used as the father and 
then as the mother. Analogy from the consideration of 
dimorphic and trimorphic plants clearly leads to the 
same conclusion, for when the forms are illegitimately 
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united, they yield few or no seed, and their offspring are 
more or less sterile ; and these forms belong to the same 

undoubted species,and differ from each other in no respect 
exwpt in their reprodnctiw organs mtl fmwtinns. 

Although the fertility of varieties when intercrossed 
and of their mongrel offspring has been asserted by so 
many authors to be uuiversal, this cannot be considered 
as quite correct after the facts given on the high 
authority of Garttler and Glreuter. Most of the varieties 
which have been experimented on have been produced 
under domestication ; and as domestication (I do not 
mean mere confinement) almost certainly tends to elimi- 
nate that sterility which, judging from analo,g, would 
have affected the parent-species if intercrossed, we ought 
not to expect that domestication would likewise induce 
sterility in their modified descendants when crossed. 
This elimination of sterility apparently follows heru 
the same cause which allows our domestic animals to 
breed freely under diversified &cumstanoce ; and this 
again apparently follows from their having been gradu- 
ally accustomed to frequent changes in their conditions 

of life. 
A double and parallel series of facts seems to t,hrow 

much light on t,he sterility of species, when first crossed, 
and of their hybrid offspring. On the one side, there is 
good reason to believe that slight changes in the con- 
ditions of life give v&our and fertility to all orgauio 
beings. WC know also that a cross between the distinct 
individuals of the same variety, and between distinct 
varieties, increases the number of their offspring, and 
certainly gives to t,he.m increased size and vigour. This 
is chiefly owing to the forms which are crossed having 
been exposed to somewhat different conditions of life; 
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for I have ascertained by a laborious series of experi- 
ments that if all the individuals of the same variety 
be subjected during several generations to the same 
conditions, the good derived from crossing is often much 
diminished or wholly disappears. This is one side of 
the case. On the other side, we know that species 
which have long been exposed to nearly uniform condi- 
tions, when they are subjected under confinement to 
new and greatly changed conditions, t&her perish, or 
if they survive, are rendered sterile, though retaining 
perfect health. This does not occur, or only in D very 

slight degree, with our domesticated productions, which 
have long been exposed to fluctuating conditions. Hence 
when we find that hybrids produced by a cross between 
two distinct species are few in number, owing to their 
perishing soon after conception or at a very early age, 
or if surviving that they are rendered more or less sterile, 
it seems highly probable that this result is due to their 
having been in fact subjected to a great change in their 
conditions of life, from being compounded of two distinct 
organisations. He who will explain in a definite manner 
why, for instance, an elephant or a fox mill not breed 
under confinement in its native country, whilst the 
domestic pig or dog w-ill breed freely under the most 
diversified conditions, will at the same time he able to 
give a definite answer to the questiou why two distinct 
species, when crossed, BS well aa their hybrid offspring, 
are generally rendered more or less sterile, whilst two 
domesticated varieties when crossed and their mongrel 
offspring are perfectly fertile. 

Turning to geographical distribution, the difficulties 
encountered on the theory of descent with modification 
are serious enough. All the individuals of the same 
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species, and ail the species of the same genus, or even 
higher group, are descended from common parcnk ; and 
therefore, in however distant and isolated parts of the 
world t,hey may now be found, they must in the course 
of successive generations have travelled from some one 
point to all the others. We are often wbnlly nnd~lc even 
to conjecture how this could have been effected. Yet, 
as we have reason to believe that some species have 
retained the same specific form for very long periods of 
time, immensely long as measured by years, too much 
stress ought not to be laid on the occasional wide diffu- 
sion of the same species ; for during very long periods 
there will always have been a good chance for wide 
migration by many means, A broken or interrupted 
range may often be accounted for by the extinction of 
the species in the intermediate regions. It cannot be 
denied that we are as yet very ignorant as to the fulI 
extent of the various climatal and geographical changes 
which have aITected the earth during modern periods; 
and such changes will often have facilitated migration. 
As an example, I have attempted to show how potent 
has been the influence of the Glacial period on the dis- 
tribution of the vmnr! and of allied species throughout 
the world. We are as yet profoundly ignorant of the 
many occasional means of transport. With respect to 
distinct species of the same genus inhabiting distant 
and isolated regions, as the process of modification has 
necessarily been slow, all the means of migration will 
have been possible during a very long period ; and 
consequently the diffkulty of the wide diffusion of the 
species of the same genus is in some degree lessened. 

As according to ttle theory of natural selection an 
interminable number of intermediate forms must have 
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existed, linking together all the species in each group by 
gradations as fine as are our existing varieties, it may be 
asked, Why do me not see these linking forms all around 
us ? Why arc not all org:r:tnic beings blended together 
in an inextricable chaos? With respect to existing forms, 
we should remember that we have no right to expect 
(excepting in rare cases) to discover directly conne&ing 
links between them, but only between each and some 
extinct and supplanted form. Even on a wide area, 
which has during a long period remained continuous, 
and of which the climatic and other conditions of life 
change insensibly in proceeding from a district occupied 
by one species into another district occupied by a closely 
allied species, we have no just right to expect often to 
find intermediate varieties in the intermediate zones. 
For we have reason to believe that only a few species 
of a genus ever undergo change; the other species 
becoming utterly extinct and leaving no modified 
progeny. Of the species which do change, only a few 
within the same country change at the same time; and 
all modifications are slowly effected. I have also shown 
that the intermediate varieties which probably at first 
existed in the intermediate zones, would be liable to be 
supplanted by the allied forms on either hand; for the 
latter, from existing in greater numbers, would generally 
be modified and improved at a quicker rate than the 
intermediate varieties, which existed in lesser numbers ; 
so that the intermediate varieties would, in the long 
run, be supplanted and exterminated. 

On this doctrine of the extermination of an infinitude 
of connecting links, between the living and extinct in- 
habitants of the world, and at each successive period 
between the extinct and still older species, why is not 
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every geoIogica1 formation charged with such links? 
Why does not every collection of fossil remains afford 
plain evidence of the gradation and mutation of the forms 
of life ? Although gevlugical research has undoubtedly 

revealed the former existence of many links, bringing 
numerous forms of life much closer togcthcr, it doca not 

yield the inlinitely many fine gradations between past 
Rnd present species required on the theory; rind this is 

the most obvious of the many objections which may be 
urged against it. Why, again, do whole groups of allied 
species appear, though this appearance is often false, to 
have come in suddenly on the successive geological 
&ages? Although we now know that organic beings 
appeared on this globe, at a period incalculably remote, 

‘long before the lowest bed of the Cambrian system 
was deposited, why do we not find beneath this system 
great piles of strata stored with the remains of the pro- 
genitors of the Cambrian fossils? For on the theory, 
such strata must somewhere have been deposited at 
these ancient and utterly unknown epochs of the world’s 
history. 

1 can answer these questions and objections only on 

the supposition that the geological record is far more im- 

perfect than most geologists believe. The number of 
specimens in all our museums is absolutely as nothing 
compared with the countless generations of countless 
species which have certainly existed. The parent-form 
ot‘ any two or more species would not be in all its char- 
arjters directly intermediate between its moclified off- 
spring, any more than the rock-pigeon is directly inter- 
mediate in crop and tail between its descendants, the 
pouter and fantail pigeons. We should not he able 
to recognise a species as the parent of another and 
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modified species, if we were to examine the two ever so 
closely, unless we possessed most of the intermediate 
links ; and owing to the imperfection of the geological 
record, we have no just right to expect t,o find so many 
links. If two or three, or even more linking forms were 
discovered, they would simply be ranked by many 
naturalists as so many new species, more especially if 
found in different geological sub-stages, let their dif- 
ferences be ever so slight. Numerous existing doubtful 
forms could be named which are probably varieties ; 
but who will yraLertd Llutt in future ages so many fossil 
links will be discovered, that naturalists will be able-to 
decide whether or not t,hese doubtful forms ought to be 
called varieties 1 Only a small portion of the world 
has been geologically explored. Only organic beings of 
certain classes can be preserved in a fossil c.ondition, at 
least in any great number. Many species when once 
formed never undergo any further change but become 
es tinct without leaving modi tied descendants ; and the 
periods, during which species have undergone modificn- 
tion, thou$l long as measured by years, have yrobably 
been short in comparison with the periods during which 
they retained the same form. It is the dominant and 
widely ranging species which vary most frequently and 
vary most, and varieties are often at first local-both 
causes rendering the discov&y of intermediate links in 
any one formation less likely. Local varieties will 
not spread into other and distant regions until they are 
considerably modified and improved; and when they 
have spread, and are discovered in a geological formation, 
they appear as if suddenly created there, and will be 
simply classed as new species. Most formations have 
been intermittent in their accumulation; and their 
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duration has probably been shorter than the average 
duration of specific forms. Successive formations arc ;n 
most casea separated from each other by blank intervals 
of time of great length; for fossiliferous formations thick 
enough to resist future degradation can as a general rule 
be accumulated only where much sediment is deposited 
on the subsiding bed of the sea. During the alternate 
periods of elevation and of stationary level the record 
will generally be blank. During these Iatter periods 
there will probably be more variability in the forms of 
life ; during periods of subsidence, more extinction. 

With respect to the absence of strata rich in fossils 
beneath the Cambrian formation, I can recur only to 
the hypothesis given in the tenth chapter; namely, that 
though our continents and oceans have endured for an 
enormous period in nearly their present relative positions, 
we have no reason to assume that this has always been 
the case ; consequently formations much older than any 
nvw kuown may lie buried beneath the great oceans. 
With respect to the lapse of time not having been SUE- 
cicnt since our planet was oonsolidated for the assumed 
amount of organic change, and this objection, as urged 
by Sir William Thompson, is probably one of the gravest 
as yet advanced, I can only say, firstly, that we do not 
know at what rate species change as measured by years, 
and secondly, that many philosophers are not as yet 
willing to admit that we know enough of the constitu- 
tion of the universe and of the interior of our globe to 
speculate with safety on its past duration. 

That the geological record is imperfect all will admit ; 
but that it is imperfect to the degree required by our 
theory, few will be inclined to admit. If we look to 
long enough intervals of time, geology pIainly declares 
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that species have all changed ; and they have changed 
in the manner required by the theory, for they have 
changed slowly and in a graduated manner. We clearly 
see this in the fossil remains from consecutive formations 
invariabIy being much more closely related to each other, 
than are the fossils from widely separated formations. 

Such is the sum of the several chief objections and 
difficulties which may be justly urged against the 
theory ; and I have now briefly recapitulated the 
answers and explanations which, as far as I can see, 
may be @ken. I have felt these difficulties far too 

heavily during many years to doubt their weight. But 
it deserves especial notice that the more important 
objections relate to questions on which we are con- 
fessedly ignorant, ; nor do we know how ignorant we 
are. We do not know all the possible transitional 
gradations between the simplest and the most perfect 
organs ; it cannot be pretended that we know all the 
varied means of Distribution during the long lapse of 
years, or that we know how imperfect is the Geological 
Becord. Serious as these several objections are, in my 
judgment they are by no menus snffioient, to overthrow 
the theory of descent with subsequent modificat,ion. 

Now let us turn to the other side of the argument. 
Under domestication we see much variability, cause& or 
at least excited, by changed conditions of life ; but often 
in so obscure a manner, that we are tempted to consider 
the variations as spontaneous. Variability is governed 
by many complex laws, -by correlated growth, compen- 
sation, the increased use and disuse of parts, and the 
definite action of the surrounding conditions. There IS 
r~udl difficulty in ascertaining how largely our domestic 
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productions have been modified ; but we may safely 
infer that the amount has been large, ;tnd that modifca- 
Cons can be inherited for long periods. As long as the 
conditions of life remain the same, we have reason to 
believe that a modification, which has already been 
inherited for mrtny generations, may continue to be 
inherited for an almost infinite number of generations. 
On the nt,lxr had, WF! have ex4p.nr.p. that va.riahilit,y 
when it has once come into play, does not c.ease under 
domestication for a very long period ; nor do we know 
that it ever ceases, for new varieties are still occasionally 
produced by our oldest domesticated productions. 

Variability is not actually caused by man ; he only 
uzGntentionally exposes organic beings to new condi- 
tions of life, and then nature acts on the organisation 
and causea it to vary. But man can and does select the 
variations given to him by nature, and thus accumulates 
them in any desired manner. He thus adapts animals 
and ylanlv fvur his 01733 benefit or pleasure. He may 
do this methodically, or he may do it unconsciously by 
preserving the individuals most, useful or pleasing to 
him without any intention of altering the breed. It is 
certain thnt he can laqely influence the character of s 
breed by selcctin,, 0 in each successive generation, indi- 
vidual differences SO slight as to be inappreciable except 
by an educated eye. This unconscious process of selcc- 
tion has been the great agency in the formation of the 
rlmst distinct and useful domestic breeds. That many 
breeds produced by man have to a large extent the 
character of natural species, is shown by the inextric- 
able doubts whether many of them are varieties or 
&originally distinct species. 

There is no reason why the principles which have 
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acted so efficiently under domestication should not have 
acted under nature. In t.he survival of favourecl 
individuals and races, during the constantly-recurrent 
StruggIe for Existence, we see a powerful and ever- 
acting form of Selection. The struggle for existence 
inevitably follows from the high geometrical ratio of 
increase which is common to all organic beings. This 
high rate of increase is proved by calculation,-by the 
rapid increase of ruauy animals and plants during s 
succession of peculiar seasons, and when natural&d in 
new countries. More individuals ase born than can 
possibly survive. A grain in the balance may determine 
which individuals shall live aud wl:ich shall die,-which 
variety or species shall increase in number, and which 
shall decrease, or finally become extinct. As the indi- 
viduals of the same species come in all respects into the 
closest competition with each other, t,he struggle will 
generally be most severe between them; it will be 
almost equally severe between the varieties of the same 
species, and next in severity between the species of the 
same genus. On the other hand the struggle will often 
be severe between beings remote in the scale of nature, 
The slightest advantage in certa.in individuals, at any 
age or during any season, over those with which they 
come into competition, or better adaptation in however 
slight a degree to the surrounding physical wondiLio~~, 
will, in the long run, turn the balance. 

With animals having separated sexes, there will be 
in most cases a struggle between the males for the posses- 
sion of the females. The most vigorous males, or those 
which have most successfully struggled with their con- 
ditions of life, will generally leave most progeny. But 
success will often depend on the males having special 
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weapons, or means of defence, or charms ; and a slight 
advantage will lead to victory. 

As geolo,g plainly proclaims that each land has 
nndergnne great physical changes, we might have ex- 
Fected to find that organic beings have varied under 
nature, in the same way ss they have varied under 
domestication. And if there has been any variability 
under nature, it would be an unaccountable fact if naturai 
selection had not come into play. It has often been 
asserted, but the assertion is incapable of proof, that the 
amount of variation under nature is a strictly limited 
quantity. Man, though acting on external characters 
alone and often capriciously, can produce within a short 
period a great result by adding up mere individual 
differences in his domestic productions ; and every one 
admits that species present individual differences. But, 
besides such differences, all naturalists admit that natural 
varieties exist, which are considered sufficiently distinct 
to bo worthy of record in systematic works. No one 
has drawn any clear distinction between individual 
differences and slight varieties; or between more pbainly 
marked varieties and sub-species, and species. On 
separate’ continents. and on different parts of tho same 
continent when divided by barriers of any kind, and on 
outlying islands, what a multitude of forms exist, which 
some experienced naturalists rank as varieties, others as 
geographical r c a es or sub-species, and others as distinct, 
though closely allied species ! 

If then, animals and plants do vary, let it he ever so 
&ghtly or slowly, why shonld not variations or indi- 
vidual differences, which are in any way beneficial, be 
preserved and accumulated through natural selection, or 
the survival .of the fittest 1 If man can by patience 
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select variations useful to him, why, under changing 
and complex conditions of life, should not variations 
useful to nature’s living products often arise, and be 
preserved or selected 1 What limit can be put to this 
power, actiq duriug long ages and rigidly scrutinisiqy 
the whole constitution, structure, and habits of each 
creature,-favouring the good nnd rojccting the: bud 1 I 

zan see no limit to this power, in slowly and beautifully 
adapting each form to the most complex relations of life. 

The theory of natural selection, even if we look no farther 
than this, seems to be in the highest dogee probable. 
I have already recapitulated, as fairly as I could, the 
opposed ditliculties and objections : now let us turn to 
the special facts and arguments in favour of the theory. 

On the view that species are only strongly marked 
and permanent varieties, and that each species first 
existed as a variety, we can see why it is that no line 
of demarcation can be drawn between species, commonly 
supposed to have been produced by special acts of crea- 
t,ion, ‘and varieties which are acknowledged to have been 
produced by secorldary laws. On this same view we can 

understand how it is that in a region where many species 
of a genus have bcon prodaocd, and where they now 

flourish, these same species should present many varieties; 
for where the manufactory of species has been active, we 
might expect, as a general rule, to find it still in action ; 
and this is the case if varieties be incipient species. 
Moreover, the species of the larger genera, which afl’ord 
the greater number of varieties or incipient species, 
remm to a certain degree the ah,aracter of varieties ; for 
they differ from each other by a less amount of clifferena 
th<an do the species of smaller genera. The closely allied 
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species also of the larger genera apparently have re- 
Rtrictd ra.np, rr.nd in t,heir afF+,ies thq am clnsi.c?md 
in little groups round other species-in both respects 
resembling varieties. These are strange relations on 
the view that each species was independently created, 
but are intelligible if each existed first as a variety. 

As each species tends by its geometrical rate of repro- 
duction to increae inordinately in number; and as the 
modified descendants of each species will be enabled to 
increase by as much as they become more diversified in 
habits and structure, so aa to be able to seize on many 
and widely difrerent places iq the economy of nature, 
there will be a constant tendency in natural selection 
to preserve the most divergent offspring of any one 
species. Hence, durimg a long-continued course of 
modification, the slight differences characteristic of 
vnriotios of the same spooks, tend to bc augmcntcd into 
the greater differences characteristic of the species of the 
same genus. New and improved varieties will inevitably 
supplant and exterminate the older, less improved, and 
intermediate varieties; and thus species are rendered tn 
a large extent defined and distinct objects. Dominant 
species belonging to the larger groups within each class 
tend to give birth to new and dominant forms; so that 
each large group tends to become still larger, and at the 
Same time more divergent in character. But as all 
groups cannot thus go on increasing in size, for the 
world would not hold them, the more dominant groups 
beat the less dominant. This tendency in the large 
groups to go on increasing in size and diverging in char- 
acter, together with the inevitable cont,ingency of much 
extiuction, explains the arrangement of ti the forme of 
life in groups subordinate to groups, all within a few great 
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classes, which has prevailed throughout all time. This 
grand fact of the grouping of all organic beings under 
what is called the Natural System, is utterly inexplic- 
able on the theory of creation. 

AY natural selection acts solely by accumulatiug slight, 
successive, favourable variations, it can produce no great 
or sudden modifications ; it oan not only by short and 
slow steps. Hence, the canon of ” Natura non facit 
wa.l.tum,” which every fresh addition to our knowledge 
tends to confirm, is on this theory intelligible. We can 
see why throughout nature the same general end is 
gained by an almost infinite diversity of means, for every 
peculiarity when once acquired is long inherited, and 
structures already modified in many different ways have 
to be adapted for the same general purpose. We can, 
in short, see why nature is prodigal in variety, though 
niggard in innovation. But why this should be a law 
of nature if each species has been independently created 
no man can explain. 

Man7 other facts are, as it seems to me, explicable on 
this theory. How strange it is that a bird, under the 
form of a woodpecker, should prey vu insecls on the 
ground ; t,hat upland geese which rarely or never swim, 
should po3sesa webbed feet; that a thrush-like bird 
should dive and feed on sub-aquatic insects ; and t#hat a 
petrol should have the habits and structure fitting it for 
the life of an auk ! and so in endless other cases. But 
on the view of each species constantly trying to increase 
in number, with natural selection always ready to adapt 
the slowly varying descendants of each to any un- 
occupied or ill-occupied place in nature, these facts cease 
to be strange, or might even have been anticipated. 

We can to a certain extent understand how it is that 
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there is so much beauty throughout nature ; for this 
may be largely attributed to the agency of MeLtion. 
That beauty, according to our sense of it, is not universal, 
must bo admitted by every one who will look at some 
venomous snakes, at some fishes, and at certain hideous 
bats with a distorted rosemblancc to the human face. 
Sexual selection has given the most brilliant colours, 
elegant patterns, and nt,her ornaments to the males, alld 
sometimes to both sexes of many birds, butterflies, and 
other animals. With birds it has often rendered the 
voice of the male musical to the female, as well as to 
our ears. Flowers and fruit have been rendered con- 
spicuous by brilliant colours in contrast with the green 
foliage, in order that the flowers may be easily seen, 
visited, and fertilised by insects, and the seeds dis- 
seminated by birds. How it comes that certain colours, 
sounds, and forms should give pleasure to man and the 
lower animals,-that is, how the sense of beauty in its 
simplcsL furm WUB first acquired,-we do not know any 
more than how certain odours and flavours were first 
rendered agreeable. 

As natural selection acts by competition, it adapts 
and improves the irhlhants of oath courltq- onl.y- in 

relation to their co-inhnlitnnta ; SO that we need feel no 
surprise at the spccieq of any OIW country, although on 
the ordinary view supposed to have been created and 
specially adapted for that country, being beaten and 
supplanted by the naturalised productions from another 
land. Nor ought we to marvel if all the colltrivanceg 
in nature be not, as far as we can judge, absolut,ely 
perfect, as in tile case even of the human eye ; or if 
some of them be abhorrent to our ideas of fitness. We 
need not marvel at the sting of the bee, when used 

44 
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against an enemy, causing the bee’s own death; at 
drones being produced in such great numbers for one 
single act, and being then slaughtered by their sterile 
sisters ; at the astonishing waste of pollen by our fir- 
trees; at the instinctive hatred of the queen-bee for her 
own fertile daughters ; at ichneumonida: feeding within 
the living bodies of caterpillars ; or at other such Casey. 
The wonder indeed is, on the theory of natural scIection, 
that more mes of the wsut of aLdute perfection have 
not been detected. 

The ow~plex ad little known laws governing the 
production of varieties are the same, as far as we can 
judge, with the laws which have governed the productioa 
of distinct species. In both cases physical conditions 
seem to have procluccd some direct and definite efl’ect, 
but how much we cannot say. Thus, when varieties 
enter any new station, they occasionally assume some 
of the characters proper to the species of that station. 
With both varieties and species, use and disuse seem to 
have produced a considerable effect; for it is impossible 
to resist this conclusion when we look, for instance, at 
the logger-headed duck, which has wqs incapable of 
flight, in nearly the same condition as in the domestic 
duck; or when we look at the burrowing tutu-tutu, 
which is occasionally blind, and then at certain molar, 
which are habitually lrliucl and have their ~yyes covered 
with skin ; or when we look at the blind animals in- 
habiting the dark caves of America and Europe. With 
varieties and species, correlated variation seems to have 
played an important part, so that when one part has 
been modified other parts have been necessarily modified. 
With both varieties and species, reversions to long-lost 
characters occasionally occur. How inexplicable on the 
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theory of creation is the occasional appearance of stripes 
on the shoulders and legs of the several species of the 
horse-genus and of their hybrids! How simply is this 
fo,et axplained if we believe tluL these species are all 
descended from a striped progenitor, in the same manner 
r~q the several domestic broods of the pigeon are descended 
from the blue and barred rock-pigeon ! 

On tile ordinary view of cdl species having been 
independently crcnted, why should specific characters, 
or those by which the species of the same genus 
differ from each other, be more variable than generir. 
characters in which they all agree ? Why, for instance, 
should the colour of a flower be more likely to vary in 
any one species of a genus, if the other species possess 
different.ly colourcd flowers, than if all possessed the 
same coloured flowers ? If species ake only well-marked 
varieties, of which the characters have become in a high 
degree permanent, we can understand this fact ; for they 
have crlr~&y varied since they branched off from R 
common progenitor in certain characters, by which they 
have come to be specifically dislinct from each other ; 
tburefore these same characters would be more likely 
again to vary thm the gcncric &ma&x-s which hare 
been inherited without change for an immense period. 
It is inexplicable on the theory of creation why a part 
developed in a very unusual manner in one species 
alone of a genus, and therefore, as we may naturally infer, 
of great importance to that species, should be eminently 
liable to variation ; but, on our view, this part has under- 
gone, since the several species branched off from a 
common progenitor, an unusual amount of variability 
and modification, and therefore we might expect the 
part ge,nerally to be still variable. But a part may be 
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developed in the most unusual manner, like the wing 
of a bat, and yet not be more variable t.han any othcl 
structure, if the part be common to many subordinate 
forms, that is, if it has been inherited for a very long 
period ; for in this case it will have been rendered con- 
stant by long-continued natural selection. 

Glancing at instincts, marvellous as some are, they 
offer no greater difficulty than do corporeal structures 
on t,he theory of the patural selection of successive, slight, 
but profitable modifications. We can thus understand 
why nature moves by graduated steps in endowing 
different animals of the same class with their several 
instincts. I have attempted to show how much light 
the principle of gradation throws on the admirable archi- 
tectural powers of the hive-bee. Habit no doubt often 
comes into play in modifying instincts ; but it certainly 
is not indispensable, as we see in the case of neuter 
insects, which leave no progeny to inherit the effects of 
long-aontinned habit. On the view of all the species of 
the same genus having descended from a common parent, 
and having inherited much in common, we can under- 
stnnrl how it is that allied species, when placed u~dcr 

widely different conditions of life, yet follow nearly the 
same instincts; whythe thrushesof tropicaland temperate 
Sonth America, for instance, line their nesta with mud 
like our Rritish species. On the view of instincts having 
been slowly acqliired through natural selection, we need 
not marvel at some inetincts being not perfect and liable 
ta mistakes, and at many instincts causing other animals 
to suffer. 

If species be only well-marked and permanent varic- 
ties, we can at once see why their crossed offspring 
shonld follow the same complex laws in their degreea 
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and kinds of resemblance to their parents,-in being 
absorbed into each other by successive crosses, and ill 

other such points,-as do the crossed offspring of ac- 
knowledged varieties. This similarity would be a strange 

fact, if species had been independently created and 
varieties had been produced through secondary laws. 

If we admit that the geological record is imperfect 
to an extreme degree, then the facts, which the record 
does give, strongly support the theory of descent wit,h 
modification. New species have come on the stage slowly 
and at successive intervals; and the amount of change, 
after equal intervals of time, is widely different in dif- 
ferent groups. The extinction of species and of whole 
groups of species, which has played so conspicuous a 
part in the history of the organic world, almost inevitably 
follows from the principle of natural selection; for old 
forms are supplanted by new and improved forms. 

Neither single species nor groups of species reappear 
when the chniu of ordinary generation is once broken. 

The gradual diffusion of dominant forms, with the slow 
modification of their descendants, causes the forms of 
life, after long intervals of time, to appear as if they had 
changed simultaneously throughout the world. The fact 
of the fossil remains of each formation being in some 
degree intermediate in character between the fossils in 
the formations above and below, is simply explained by 
tlleir intermediate position in the chain of descent. The 
grand fact that all extinct beings can be classed with 
all recent beings, naturally follows from the living and 
the extinct being the of%pring of common parents. As 
species have generally diverged in character during their 
long course of descant and modification, we can under- 
stand why it is that the more ancient forms, or early 
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progenitors of each group, so often occupy a position 
in some degree intermediate between existing grouprc 
Hecent forms are generally looked upon as being, on the 
whole, higher in the scale of orga.nisation than ancient 
forms ; and they must be higher, in so far as the later 
and more improved forms have conqucrcd the older and 
le& improved forms in the struggle for 11fe ; they have 
also generally had their organs more specialised for dif- 
ferent functions. This fact is perfectly compatible mit,h 
numerous beings still retaining simple and but little 
improved structures, fitted for simple conditions of life ; 

it is likewise compatible with some forms having retro- 
graded in orgauisation, by having become at each stage 
of descent better fitted for new and degraded habits of 
life. Lastly, the wonderful law of the long endurance 
of allied forms on the same continent,-of marsupials 
in Australia, of edentata in America, and other such 
cases,-& intelligible, for within the same countq- the 
existing and the ext.inc.t will be closely allied by descent. 

Looking to geographical distribution, if we admit tItat 
there has been during the long course of ages much migra- 
tion from one part of the world to another, owing to 
former climntal and geog-raphicnl changes and to the 
many occasional and uuknown means of dispersal, then 
we can understand, on the theory of descent with modi- 
fication, most, of the geat leading facts in Distribution, 
We can see why there should be so striking a paralle’lisn 
in the distribution of organic beings throughout space, 
and in their geological succession throughout the ; for 
in both cases the beings have been connected by the 
bond of ordinary generation, and the means of modifica- 
tion have been the same. We see the full meaning of 
the wonderful fact, which has struck every traveller 
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namely, that on the same continent, under the most 
diverse conditions, under heat and cold, on monnts.in 

and lowland, on deserts and marshes, most of the inhabit- 
ants within each seat class are plainly related; for they 
are the descendants of the same progenitors and early 
colonists. On this same principle of former migration, 
combined in most cases with modification, we can under- 
stand, by the aid of the Glacial period, the identity of 
some few plants, and the close alliance of many others, 
on the most distant mountains, and in the northern and 
southern temperate zones ; and likewise the close alliance 
of some of t,he inhabitants of the sea in the northern and 
southern temperate latitudes, though separated by the 
whole intert,ropical ocean. Although two count,ries may 
present physical conditions as closely similar as tile 
same species ever require, we need feel no surprise at 
thoir inhabitants being widely different, if they have 
been for a long period completely sundered from each 
other; for ae the rehtion of nrganinm tn nrganism is the 
most important of all relations, and M the two countries 
will have received colonists at various periods and in 
diKerent proportions, from some other country or from 
each ot,hcr, t.he course of modification in the two areas 
will inevitably have been diKerent. 

On this view of migrat,ion, with subsequent modifica- 
tion, we see why oceanic islands are inhabited by only 
few speck, but of these, why many are peculiar or 
endem% forms. We clearly see why species belonging 
to those groups of animals which cannot cross wide 
spaaes of the ocean, M frogs and terrestrial mammals, do 
not inhabit oceanic islands ; and why, on the other hand, 
new and peculiar YptxieY of bdbs, animals which can 
traverse the ocean, are often found on islands far distant 
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from any continent. Such cases aa the presence of 
peculiar species of bats on oceanic islands and the 
absence of all other terrestrial mammals, are facts utterly 
inexplicable on the theory of independent acts of 
creation. 

The existence of closely allied or representative species 
in any two areas, implies, on the theory of descent with 

modification, that the same parent-forms formerly in- 
habited both areas: and me almost invariably find that 
wherever many closely allied species inhabit two areas, 
some identical species are still common toboth. Wherever 
many closely allied yet distinct species occur, doubtful 
forms and varieties belonging to the same groups like- 
wise occur. It is a rule of high generality that the in- 
Itabitants of each area are related to the inhabitants of 
the nearest source whence immigrants might have been 
derived. We see this in the striking relation of nearly 
all the plants and animals of the Galapagos archipelago, 
of Juan Fernandez, and of the o&r American islands, 
to the plants and animals of the neighbouring American 
mainland ; and of those of the Cape de Verde arcbi- 
pelago, and of the other African islands to t,he Africu~ 

mainland. It must be admitted that these facts receive 
no cxplanntion on the theory of creation. 

The fact, as we have seen, that all past and present 
organic beings em be arranged within a few great classw, 

in groups subordinate to groups, and with the extinct 
groups often falling in between the recent groups, is 
intelligible on the theory of natural selection with its 
contingencies of extinction and divergence of character. 
On t,hese same principles we see how it is, that the 
mutual affinities of the forms wit’liin each class are so 
complex and circuitous. We see why certain characters 



GE&P. XV.] RECAPITULATION. 291 

are far more serviceable than others for classification ;- 
why adaptive characters, though of paramount import- 
ance to the beings, are of hardly any importance in 
cla&fioation ; why ohharacters derived from rudimentary 
parts, though of no service to the beings, are often of 
high classificatory value ; and why emhryolngical char- 
acters are often the most valuable of all. The real 
affinities of all organic beings, in contradistinction to 
their adaptive resemblances, are due to inheritance or 
community of descent. The Natural System is a gene- 
alogieal arrangement, with the acquired grades of dif- 
ference, marked by the terms, varieties, species, genera, 
families, &c. ; and we have to discover the lines of 
descent by the most permanent characters whatever 
they may be and of however slight vital importance. 

The similar framework of hones in the hand of a man, 
wing of a bat, fin of t,Eie porpoise, and leg of the horse, 
-the same number of vertebra: forming the neck of the 
giraffe and of the elleplvarlL,-and innumerable other sz.1~11 
facts, at once explain themselves on the theory of descent 
\rith slow and slight successive modifications. The simi- 
larity of pattern in the wing and in the leg of a bat, 
though used for web different purpose,-in the jaws 
and legs of a crab,-in the petals, stamens, and pistils 
of a flower, is likeit-vise, to a large extent, intelligible on 

the view of the gradual modification of parts or organs, 
which were abo&inally alike in an early progenitor in 
each of these classes. On the principle of successive 
variations not always supervening at an early age, and 
being inherited at a corresponding not early period of 
life, we clearly see why the embryos of mammals, birds, 
reptiles, and fishes should be so closely similar, and so 
unlike the adult, forms. We may cease marvelling at 
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the embryo of an air-breathing mammal or bird having 
branchial slits and arteries running in loops, like those 
of a fish which has to breathe the air dissolved in water 
by the aid of well-developed branchke. 

Disuse, aided sometimes by natural selection, wiU 
often have reduced organs when rendered useless under 
changed habits or condit,ions of life ; and we can under- 
stand on this view the meaning of rudimentary organs. 
But disuse and selelectiun will gunerally a& on each 
creature, when it has come to maturity and has to play 
its fIllI part in the struggle for existence, and will thus 
have little power on an organ during early life; hence 
the organ will not be reduced or rendered rudimentary 
at this early age. The calf, for instance, has inherited 
teeth, which.ncver cut through the gums of the uppe.r 
jaw, from an early progenitor having well-developed 
teeth ; and we may believe, that the teeth in the mature 
animal were formerly reduced by disuse, owing to the 
tongue and palate, or lips, having become exc~:llently 
fitted through natural selection to browse without their 
aid; whereas in the calf, the teeth have been left UR- 
affected, and on the principle of inheritance at corre- 
sponding ages have been inherited from a remote period 
to the present day. On the view of each organism with 
all its separate parts havin g been specially created, how 
utterly inexplicable is it tha.t organs bearing the plain 
stamp of inutility, such as ‘the teeth in the embryonic 
calf or the shrivelled wings under the soldered wing- 
covers of many beetles, should so frequently occur. 
Xature may be sa.id to have taken pains to reveal her 
scheme of modification, by means of rudimentary orgaus, 
of embryological and homologous structures, but we are 
too blind to understand her meaning. 
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I have now recapituIated the facts and considerations 
which hme thcmqhly wuvinuad IIN ihut species ha\;e 
been motlitied, during a long course of descent. This 
has been effected chiefly through the natural selection 
of numerous successive, slight, favournble variations ; 
aided in an important manner by the inherited effects 
of the use and disuse of parts; and in an unimportant 
manner, that is in relation to adaptive structures, whether 
past or present, by the direct a&ion of external condi- 
tions, and by variations which seem to us in our ignor- 
ance to arise spontaneously. It appears that I formerly 
underrated the frequency and value of these latter forms 
of variation, as leading to permanent modifications of 
structure independently of natural selection. But as my 
couclueions have lately been much misrepresented, and 
it has been stated t,hat I attribute t,he modification of 
species exclusively to natural selection, I may be per- 
mitted to remark that in the first edition of this work, 
and subsec;uentlp, I placed in a most conspicuous yosi- 
tion-namely, at the close of the Introduction-the 
following words : “ I am convinced that natural z&&on 
has been t,hc maiu but not tllc esclusive means of modi- 
fication.” This lluo bocn of no avail. Grcnt ia the power 
of steady misrepresentation ; but the history of science 
shows that fortunately this power does not long endure. 

It can hardly be supposed that a false theory would 
explaiu, in so batisfactory a manner as does the theory 
of natural selection, the several large classes of facts 
above specified. It has recently been objected that this 
is an unsafe method of arguing; but it is a method used 
in judging of the common events of life, and has oft,en 
been used by the greatest natural philosophers. The 
undulatory theory of light haa thus been arrived at; and 
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the belief in the revolution of the earth on its own axi? 
was until lately supported by hardly any direct evidence. 
It k no valid objection that science as yet throws no 
light on the far higher problem of the essence or origin 
of life. Who can expltin what, is the essence of the 
attraction of gravity ? No one uow objects to foIlowing 
out the results consequent on this unknown element 
of attraction ; notwithstanding that Leib nitz fi3rmerly 
accused Newton of introducing “occult qualities and 

miracles into philosophy.” 
I see no good reason why the views given in this volumo 

should shock the religious feelings of any one. It is 
satisfactory, as showing how transient such impressions 
are, to remember that the greatest discovery ever made 
by man, namely, the law of the attraction of gravity, 
was also attacked by Leibnitz, “ as subversive of natural, 
and inferentially of revealed, religion.” A celebrated 
author and divine has written to me that “ he has gradu- 
6‘ ally learnt to see that it is just as noble a conception 
“of the Deity to believe that IIe created a few original 
Ld forms capable of self-development into other and need- 
“ ful forms, as to believe that He required a fresh act of 
‘L creation to supply the voids caused by the action of 
6‘ His laws.‘, 

Why, it may be asked, until recently did nearly all 
the most eminent living naturali& anli geolo~stu dis- 
believe in the mutability of species, It cannot bo 
asserted that organic beings in a state of nature are 
subject to no variation; it cannot be proved that the 
amount of variation in the course of long ages is a limited 
quantity ; no clear distinction has been, or can be, drawn 
between species and well-marked varieties. It cannot 
be mabtained that species when intercrossed are invari- 



CHAP XV.] COSCLUSION. 2% 

ably sterile, and varieties invariably fertile; or tInit 
sterility iu a special endowment and sign of creation, 
The belief that species were immutable productions was 
almost unavoidable as long aa the history of the world 
n-as thought to be of short dumtion; and now that me 
hnvo acquired some idea of the lnpe of time, we are ton 

apt to assume, without proof, that the geological record 
ir: sn perfect, that it would have nfkrdetl us pl:tin evidence 
of the mutation of species, if they had undergone 
mutation. 

But the chief cause of our natural uuwillingness to 
admit that one species has given birth to other and 
distinct species, is that we are always slow in admitting 
great changes of which we do not see the steps. The 
difficulty is the same as that felt by so many geologists, 
when Lye11 first insisted tbnt long lines of inland cliffs 
had been formed, and great valleys excavated, by the 
agencies which we see still at work. The mind cannot 
possibly grasp the full m~uing of the term of even n 
million years ; it cannot add up and perceive the full 
ef%cts of many slight variations, accumulated during an 
almost infinite number of generations. 

Although I am fully convinced of the truth of the 
views given in this volume under the form of an abstract, 
I by uo means expect to convince experienced natural&s 
whose minds are stocked with a multitude of facts all 
viewed, during a long course of years, from a point of 
riew directly opposite to mine. It is so easy to hide 
our ignorance under such expressions as the ‘c~lan cf 
creation,” “ unity of design,” kc., and to think that we 
give an explanation when we only re-state a fact. Any 
one whose disposition leads him to attach more weight 
to unexplained difficulties than to the explanation of a 
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certain number of facts will certainly reject the theory. 
A few naturalists, endowed with much fiexibXty of 
mind, and who have already be,gn to doubt the &mu- 
tability of species, may be influenced by this volume ; 
but I look with confideuce to tlie future,-to young and 
rising naturalists, who will be able to view both sides 01 
the question with impartiality. Whoever is led to hlieve 
that species are mutable will do good service by con- 
scientiously expressing his conviction ; for thils only cnn 
the load of prejudice by which this subject is over- 
whelmed be removed. 

Several emiucnt naturalists have of late pubhshed 
their belief that a multitude of reputed species in each 
genus are not real species; but that other species are 
real, that is, have been independently created. This 
seems to me a strange conclusion to arrive at. They 
admit that a multitude of forms, which till lately they 
t,bemselves thought were special creations, and which 
are still thus looked at by the majority of naturalists, 
and which consequently have all the ext.ernal character 
istic features of true species,-they admit that these 
1~~3 been produuud by variation, but they refuse to 
extend the same view to other and slightly differcut 
forms. Nevcrthuless they do not pretuud that they can 
define, or even conjecture, which arc the created forms 
of life, and which are tllose produced by secondary lawa. 
They admit variation as a vera cauSa in one case, they 
arbitrarily reject it in another, without assigning an,v 
distinction in the two cases. The day will Come wheu 
this will be given as a curious illustration of the blind- 
ness of preconceived opinion. These authors seem IN 
more startled at a miraculous act of creation than at an 
ordinary birth. But do they really believe that at innu- 
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merable periods in the earth’s history certain elemental 
atoms have been commanded suddenly to flash into 
living tissues ? Do they believe that at each supposed 
act of creation one individual or many were produced 7 
Were all the infinitely numerous kinds of animals autl 
plants created as eggs or seed, or as full grown ? and in 
the case of mammals, were they created bearing the 
false marks of nourishment from the mother’s womb? 
Undoubtedly some of these same questions cannot be 
answered by those who believe in tho appearance or 
creation of only a few forms of’life, or of some one form 
alone. It has been maintained by several authors that 
it is as easy to believe in the creation of a million beings 
aa of one ; but Maupertuis’ philosophical axiom “ of least 
action ” leads the mind more willio$y to admit the 
smaller number; and certainly we ought not to believe 
tllut innumerable beings witllin each great class hnve 
beeu created wit,h plain, but deceptive, marks of descent 
ftwm a single parent. 

As a record of a former state of things, I hape retained 
in t,he foregoing paragraphs, and elsewhere, several 
sentences which imply that naturalists believe in thu 
separate creation of each species ; aud I have been much 
censured for having thus expressed myself. But UD- 
doubtedly this was the general belief when the first 
edition of the present work appeared. I formerly spoke 
to rery many naturalists on the sub-j& of evolution, 
and never once met with any sympathetic agreement. 
It ia probable that some did then believe in evolution, 
but thy were either Silent, Or e?ipreSSd theIw.dveS S(J 

ambiguously that it was not easy to understand their 
meaning. Now things are wholly changed, and almc.sf 
every naturalist admits the great principle of evolution, 
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There are, however, some who still think that species 
have suddenly given birth, through quite unexplained 
means, to new and totally different forms: but, as 1 
have attempted to show, weighty evidence can be op 
posed tv the idnissiuu of great and abrupt rnoclificationa 
Under a scientific point of view, and M leading to further 
investigation, but little advantage is gained by believing 
that new forms are suddenly developed in an inexplic- 
:hle manner from old and widely different forms, over 

the old belief in the creation of species from the dust of 
the earth. 

It may be asked how far I extend the doctrine of the 
moclification of species. The question is difficult to 
answer, because the more distinct the forms are which 
we consider, by so much the arguments in favour of 
community of descent become fewer in number and 
less in force. But some argumeuts of the greatest 
weight extend very far. All the members of whole 
classes are connected together by a chain of affinities, 
and all can be classed on the same principle, in 
groups subordinate to groups. Fossil remains some- 
times tend to fX up very wide intervals between 
existiug orders. 

Organs in a rudimentary condition plainly show thd 

an early progenitor had the organ in a fully developed 
condition ; and this in some cases implies an enormous 
amount of modification in t,he descendants. Throughout 
whole classes various structures are formed on the same 
pattern, and at a very early age the embryos closely 
resemble each other. Therefore I cannot doubt that the 
theory of descent with modification embraces all the 
members of the same great clnss or kingdom. I believe 
that animals are descended from at most only four or 
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five progenitors, and plants from an equal or lesser 
number. 

Analogy would lead me one step farther, namely, to 
the belief that all animals and plants are descended front 
some one prototype. But analogy may be a deceitful 
guide. Nevertheless all living things have much in 
common, in their chemical composition, their cellular 
structure, their laws of growth, and their liability to in- 
jurious influences. We see this even in so trifling a 
fact as that the same poison often similarly a.CTects 
plants and animals ; or that the poison secreted by bhe 
gall-fly produces monstrous growths on the wild rose or 
oak-tree. With all organic beings, excepting perhaps 
some of the very lowest, sexual reproduction seems to 
be essentially similar. With all, as far zm is at present 
known, the germinal vesicle is the same ; so that all 
urganiums slarL I~UU tl summon origin. If me look even 
to the two main divisions-namely, to the animal aild 
vegetable kingdoms-certain low forms are r~u F~,ar inter- 
mediate in character that naturalists have disputed to 
which kingdom they should be rcforrcd. Aa Profasor 
Asa Gray has remarked, “the spores and other rcpro- 
~~&c~tive bodies nf many of the lower a&e may ohim 

“to have first a characteristically animal, and then an 
“ unequivocally vegetable existence.” Therefore, on the 
principle of natural selection with divergence of char- 
acter, it does not seem incredible that, from some such 
low and intermediate form, both animals and plants 
may have been developed; and, if we admit this, we 
must likewise admit that all the organic beings which 
have ever lived on this earth may be descended from 
Rome one primordial form. Rut this inference is chiefly 
grounded ~1 analogy, and it is immaterial whether 01 

43 
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not it be accepted. No doubt it is possible, as Mr. Cr. 
H. Lewes has urged, that at the first commencement of 
life many different forms were evolved; but if so, we 
may conclude th:lt only 3 very few have left modified 
desccndanta. Fur, izs I have recently rcmarkwl in rep-3 
to the members of each great kingdom, such as the Ver- 
t&rata, Articulnta, &o., we have distinct evidence in 
their embryological, homologous, and rudimentary struc- 
turca, that within each kingdom nil the members are 
descended from a single progenitor. 

When the views advanced by me in this volume, and 
by Mr. Wallace, or when analogous views on the origin 
of species are generally admitted, we can dimly foresee 
that there will be a considerable revolution in natural 
history. Systematists will be able to pursue their labours 
as at present ; but they will not be incessantly haunteil 
by the shadowy doubt whether this or t,hat form be a 
true species. This, I feel sure and I speak after ex- 
perience, will be no slight relief. The endless disputes 
whether or not some fifty species of British brambles 
are good species will cease. Systematists will have only 
to decide (not that this will he easy) whether any form 
be sufficiently constant and distinct from other forms, 
to be capable of definition; and if definable, whether 
the differences be sufficiently important to deserve a 
spedlo name. Thio latter point will becollre a far more 
essential consideration than it is at present ; for differ- 
ences, however slight, between any two forms, if not 
blended by intermediate gradations, are looked at by 
most naturalists as suflicient to raise both forms to the 
rank of speoies. 

Hereafter we shall be compelled to acknowledge that 
the only distinction between species and well-marked 
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varieties is, that the latter are known, or believed, to Ee 
connected at the present day by intermedia.te gradations 
whereas species were formerly thus connected. Hence, 
without rejecting the consideration of the present exist- 
ence of intermediate gradations hetmeen auy two forms, 
we shall he led to weigh more carefully and to va.lue 
higher the acttial amount of dXerence between them. 
It is quite possible that forms now geuerally acknow- 
lzdgcd to be merely varieties may hereafter be thought 
worthy of specific names ; and in this case scientific and 
common language will come into accordance. In short, 
we shall have to treat species in the same manner as 
those naturalists t,reat genera, who admit that genera 
are merely art,ificia.l combinations made for convenience. 
This may not be a Aeering prospect; hut we shall at 
least be freed from the vain search for the undiscovered 
and undiscoverable essence of the term species. 

The other and more general departments of natural 
history will rise greatly in interest. The terms used 
by naturalists, of affinity, relationship, community of 
type, paternity, morpholo,y, adaptive characters, rudi- 
mentary and aborted organs, &c., will Cease to be meta- 
phorical, and will have a plain signification. When WC 
no longer look at an organic being as a savage looks at 
a ship, as something wholly beyond his comprehension ; 
when we regard every production of nature as one 
which has had a long history ; when we contemplai t’ 
every complex structure and instinct as the summing 
up of many contrivances, each useful to the possessor, 
in the same way as any great mechanical invention is 
the summing up of the labour, the experience, the reason, 
and even the blunders of numerous workmen ; when LW 
thu? view eac,h organic being, how far more interesting 
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--I speak from experience-does the study of natural 
history become ! 

A grand and almost untrodden field of inquiry will 
be opened, on the causes and laws of variation, on car- 
relation, on the effects of use and disuse, on the direct 
action of external conditions, snd so forth. The study 
of domestic productions wiLl rise immensely in value. 
A new variety raised by man will be a more important 
and interesting subject for study than one more species 
added to t,he infinitude of already recorded species. 
Our classifications will come to be, as far as thei can 
be so made, genealogies ; and will then truly give what 
may be called the plan of creation. The rules for classi- 
fying will no doubt become simpler when we have a deli- 
nite object in view. We possess no pedigrees or armorial 
bearings ; and we have to discover and trace the many 
diverging lines of descent in our natural genealogies, by 
characters of any kind which have long been inherited. 
Rudimentary organs will speak infallibly with rcspcct 
to the nature of long-lost structures. Species and 
groups of species which are called aberrant, and which 
may fancifully be called living fossils, will aid us in 
forming a picture of the ancient forms of life. Ernbrp- 
ology will often reveal to us the structure, in some 
degree obscured, of the prototypes of each great class. 

When we can feel assured that all the individuals 
of the same species, and all the closely allied specie3 
of most genera, have within a not very remote perie! 
descended from one parent, and have migrated from 
some one birth-place ; and when we better know tl~u 
many means of migration, then, by the light whic.h 
geology now throws, and will continue to throw, cn 

former changes of climate and of the level of the lanJ, 
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we shall surely be enabled to trace in an admirable 
manner the former migrations of the inbabitants of the 
whole world. Even at present, by comparing the 
different between the inhabitants of the sea on tha 
opposite sides of a continent, and t,hhe nature of the 
various inhabitants on that continent in relation to their 
apparent means of immigration, some light can be thrown 
on ancient geography. 

The noble science of Geology loses glory from the 
extreme imperfection of the record. The crust of the 
earth with its imbedded remains must not be looked at 
as a well-filled museum, but as a poor collection made at 
hazard anI at rare intervals. The accumulation of each 
great fossiliferous formation will be recognised as having 
depended on an unusual concurrence of favourable cir- 
cumstances, and the blank intervals between the suc- 
cessive stages as havkg been of vast dumCun. But we 
shall be able to gauge with some security the duration 
of these intervals by a comparison of the preceding 
and succeeding organic forms. We must be cautious in 
attempting to correlate IL9 strict;ly contemporaneous two 

formations, which do not include many identical species, 
by the general succession of the forms of life. As 
species are produced and exterminated by slowly acting 
and still existing causes, and not by miraculous acts of 
creation ; and as the most important of all causes of 
organic changeis one which is almost independent of 
altered and perhaps suddenly altered physical conditions, 
uamely, the mutual relation of organism to organism,- 
the improvement of oue urganism entailing the improve- 
ment or the extermination of others ; it follows, that the 
amount of organic change in the fossils of consecutive 
formations probably serves as a fair mcnsure of tha 
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relative, though not act*14 lapse of time. A number 
of species, however, keeping in a body might remain fez 
R long period unchanged, whilst within the same perioci 
several of these species by migrating into new countries 
aud coming into competition with foreign associates, 
ntight become modified ; so that we must not overrate 
the accuracy of organic change as a measure of time. 

In the future I see open fields for far more important 
researches. Psycholo, will be securely based on the 
foundation already well laid by Mr. Herbert Spencer, 
that of the necessary acquirement of each mental power, 
and capacity by gradation. ~Much light will be thrown 
on the origin of man and his history. 

Autllom of the lL,gLest eminence seem to be fully 

satisfied with t,he view that each species has been 
illdependently created. To my mind it accords better 
with what we know of t,he laws impressed on matter by 
the Creator, that the lxoduction and extinction of the 
pnst and present inhabitants of the world should have 
been due to secondary causes, like those determining the 
birth and death of the individual. When I view all 
beings not as special creations, but as the lineal dcscend- 
ants of some fiew beings which lived long before the first 

lled of the Cambrian system was deposited, they seem 
t1.B me to become ennobled. Judging from the past, wn 
tray safely infer that not one living species will transmit; 
its unaltcxod likeness to a distant futawity- And tf the 

rpecies now living very few wid transmit progeny of 
any kind to a far distant futurity ; for the manner in 
which a3.l organic beings are grouped, shows that the 
greater number of species in each genus, and all the 
Epecies in many genera, have left no descendants, but, 
have become utterly extinct. We can so far take a 
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prophetic glance into futurity as to foretell that it will 
be the common and widely-spread species, belonging ta 
the larger and dominant groups within each class, which 
will ultimately prevail and procreate new and dominant, 

species. As all the living forms of life are the lineal 
descendants of those which lived long before the Cam- 
brian epoch, we may feel certain that the ordinary 
succession by generation has never once been broken, 
and that no cataclysm has desolated the whole world. 
Hence we may look with some confidence to a secure 
future of great length. And as natural selection works 
solely by and for the good of each being, all corporeal and 
mental endowments will tend to progress towards 
perfection. 

Jt, is interesting to c,ont.emplate a tangled bank, 
clothed with many plants of many kinds, with birds 
aiqing on the bushes, with various inecots flitting about, 

and with worms crawling through the damp earth, and 
to reflect that these elaborately constructed forms, so 
different from each other, and dependent upon each 
other in so complex a manner, have all been produced 
by laws acting around us. These laws, taken in the 
largest sense, being Growth with Reproduction; In- 
heritance which is almost implied by reproduction; 
Variability from the indirect and direct action of the 
conditions of life, and from use and disuse : a Xatio of 
Tncrease so high as to lead to a Struggle for Lift, and a9 
a consequence to Natural Selection, entailing Divergence 
of Character and the Extinction of less-improved forms 
Ths, from the ww of nature, from famine and death, 

the most exalted object which we are capable of con- 
ceiving, namely, the production of the higher animals, 
directly follnws. There is grandeur in this view of life, 
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with its several powers, having been originally breathed 
by the Creator into a few forms or into one ; and that, 
whilst tnis planet has gone cycling on according to the 
fixed law of gravity, from so simple a beginning endless 
forms most beautiful and most wonderful have been, and 
am biug evdvd 



GLOSSARY 
OF THE 

PRt?JCIPAL SCIENTIFIC TERMS USED IN TIIE 

PRESENT VOLUME: 

- 

Anenn~r?r.-Forms or groups of animais or plants which deviate 
in important characters from their nearest allies, so as not to be 
carily included in the same group with them, are said to be 
aborrant~ 

A WERATION (in Optics).-In the refraction of light hy a convex lens 
the rays passing throughdifferent parts of the lens are brought 
to a focus at slightly diKerent distances,-this is called spherical 
aberrution ; at the same time the coloured lays are separated by 
the prismatic action of the lens and likewise brought to a focus 
dt diRerent distances,-this is chromatic uberration. 

A !:rr-oahran.-Contrary to the gellcrnl rule. 
AI:oKTED .-An or<an is said to be aborted, when ita development 

hw been arrested at a very early sta,x. 
AuxwM.-Albinos are animals in which the usual colouring 

matters characteristic of the spcciea Lave not been produced iu 
the skin and its appendages. Albinism is the state of being an 
albino. 

ALGIL-A class of plants including the ordinary sea-weeds and tire 
filamentous fresh-wat,er weeds. 

l I nm indcbterl to the kindness of Mr. W. B. Dallas for tbis 
Ct~e;.~ry. which IIUS been givco becnuse several readers hcrre corn- 
pl:Atbctl to me tll:lt 101nc ol’ the tcrrns nned were unintelligible to t,hem. 
hf r. D.I 11~s has enllq avonre I to give the ex~kdbus ot’ tLe tcru~ in 
aa popular a form as po*ibb. 
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~LTEBKATIOS OF GENERATIONB.-This term is applid to a peculiar 
r~r~rla ul rqlrcduolion yllich prevails amouv, m +ny of the lower 
animals, in which the epg produces a living form quite difl’erent 
from its parent, but from which the parent-form is reproduced 
by a process of bnddin:r, or by the division of the substance 
of the first product of the egg. 

Awktnwm:n.-A group nf fossil, spiral, chambered sh~llu, died tcb 

the existing pearly Nautilus, but having the partitions hetwcen 
the chambers waved in complicated patterns at their junction 
with the outer wall of the shell. 

ANar.oav.-That ra-emblaoce of structures which depends upon 
similarity of function, as in t,he wings of insects and hirde. 
8nch structures are said to be anaZo~o~s, and to be maZogosues of 
each other. 

ANIMAI.CUI.E.-A nZnrlte animal : generally applied to those vibible 
only by the micrtbacnpe. 

ASNETJIK-A cl:~ss of worms in which the snrface of the body 
axllillils a IIWI-U UF lcsv diutiwt division into rings or segments, 
generally provided with appendages for locomotion ad with 
gills. It ilxludes the ordinary marine worms, the earthwxms, 
and Ihe leeches. 

Ah.TEr?x%-Jointed organs appended to the head in Insects, 
Crustacea aud Centipeh, end nnt. lwlor~gin:,: tn the mmth. 

hrrIERs.-The summits of t,hc stamens of flowers, in wiIioh the 
pollen or fertilisin: dust is produced. 

APT..~CENTALIA,~PLMX?TATA orAplncenta1 i%mmals. See dii73- 
mtrlia. 

AncREiTPAL.-of or hehuginz to the Archet.ype, or ideal primi- 
tive form upon which a11 the beings of a group stem to be 
orgaGed. 

ARTHXLATA.-A great division of the Animal Kingdom characters 
ised generally by having the surfAce of the body divided into 
rings called segments, a greater or less number of which are 
Eurninhcd with joint& legs (such as Insects, Crustaceans ar,d 
Crnlipedes). 

A AyMMETam,\c.-Elaving the two sides unlike. 
hl%OPHlED .-Arrested in development at a very early Bh3;e. 

BaLbnus.--he genus iv.Audine the common Acorn-shells which 
live in abundance on the rocks 14 the sea-coast. 

B~TRACIIII.S.--A &>s of arlinl;rls ai tu the Gptiles, but 
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undergoing a peculiar metamorphosis, in which 1 he young 
animal is generally aquatic and breathes by gilIs. (ExanzyleF, 
Frogs, Toads, and Newts.) 

lWrLnEas.-Large transported blocks of stone generally imbedded 
in clap 01 grurels. 

P-LWIIIOPODA.-A clnss of marine Mollusca, or soft-hoclied animals, 
f.u&hcd with a bivalve Fhell, attached to snbmarinc objects 
by a stalk which pa+ses through an nperture in one of the 
vsllves, and furnished with hinged arms, by the action of.which 
food is carried to the moI&h. 

R~IANCIIIX-G~~~J or organs for respiration in wstcr. 
BlrAscllrAL.-l’ertaini~ to gills or branch& 

CAMBRIAS SMTEM.-A Serirs of very ancient Paleozoic rocks, 
between the Laurentian and the Silurian. Until recently these 
were regarded as the oltilest fossiliferous rocks. 

CAF;rua.-The l)ug-family, including the bog, W&f, Fux, Jackal, 
&C. 

CARApACE.-The shell enveloping the anterior part of the body in 
Crustaceans generally ; applied also to the bard shelly pieces ui 
thu CirripeJes. 

CAacoh’IFEROUs.-This t.rrm is applied to the great forma-ion which 
inciudes, among other rocks, the coal-mrasnres. It bh11ga to 

the oldest, or l’akzozoic, s@em of formations. 
CAUDAL.-of or belonging t0 the tail. 
&rHALopoDs.-The hi!$est class of the h!ollnsca, or soft-bodied 

animals, characterised by having the muuth surrounded by a 
greater or less number of fleshy arms or tentacles, which, in 
most living spccics, are furnished with sucking-cups. (fix- 

amples, Cuttlc&h, Kalltilus.) 
CETAcEA.--An order of Mammalia, including the Whnles, Dolllhins, 

kc., having lha I’UIUL uf Lho Lady fish-like, Llre abiu n;,hed, and 
unly the fore-limbs developed. 

(:,lEI,osIA.-An order of Rvptilus inclodinz the Turtles, Tortoises, &c. 
liIaItr~~~~s.--Bn order of Crustaceans including the Barnacles and 

Acolu-shells. Their young resemble thgse of many other 
Cmstaceanx in form: but when mature they arc always rlttnched 
to other objecui, &her directly or by means of a stalk, and their 
Idies are enclosed by a calcaleous shell colnpsed of scvelal 
pieces, two of which cwn open to give Isstie to a bunch of curlcxl, 
j&cod tentacles, which re,jresent the !imbs. 



310 QLOSSARY. 

Coccus.--‘l’he genus of Insects including the Cochincal. In &se 
the male is s minute, winged fly, and the female generally o 
motionless, berry-like mass. 

GJCOON.-A case usually of silky material, in which insects are 
frequently enveloped during the second or resting-stage (pupa) 
of their existvnce. The term “cocoon-stage” is here used as 
equivalent to “ pupa-stage.” 

C~LOSPERM~IJ~.-A term applied to those fruits of the Umbclliferse 
which have the seed bullowed on the ;nner face. 

Co:.~o~T~rra.-I%eetles, an order of Insects, having a biting mouth 
and the first pair of wings more or levs horny, forming sheaths 
for the second pair, and usually meeting in a straight line down 
the midddru 01’ the back. 

COLUMN.-A peculiar orgau in the flowers of Orchids, in which 
the stamens, style and stigma (or the reproductive parts) are 
united. 

~~IWOSITE or ti~~osrrnns PIANTs.-l'hnts in which the inflores- 
cmm mnsists of I~II~MT~~ smnll flowers (flowt.~) hmrnl;.t,tlt 
together into a dense head, the base of which is enclosed by a 
common envelope. (1:a:l;nmples. the Daisy, IJandelion, &c.) 

&h’FEnv&.-The filamentous wteds of frc,sh writer. 
CWQLOH~RATE.-A rock made up ol fragnlvuts of rock or pebbles, 

cemented together by some oLller material. 
CoKoLr,a.-The second envelope of a flower usually composed of 

coloured, leaf-like organs (petals), which may be united by their 
edges either in the b lsal part or throughout. 

~'0nnE~ATl0x.-The normal coincidence of one phenomenon, 
character, &c., with nnother. 

C&YMB.-A bum& of Aowers in which those springing from tbe 
lower part of the Ilower slallr are supported on long stalks 8~ as 
to be nearly on a level with the upper ones. 

(?&TyLEnoss.-The first or seed-leaves of plants. 
CI~U~TACEANY .-A class of articulated auimals, having the skin r,f 

the body generally more or less hardened by the deposition t4 
calcareous matter, breathing by means of gills. (J!CXXJ~..ZH, 
Crab, Lobster, Shrimp, SLc.) 

( I HCULIO .-The old generic term for the Beetles known as Weevilq 
chnracterised by their four-jointed l’eet, an<1 by the head being 
produced into a sort of beak, upon the sides of wilic!l t4 
an:ennae are inserted. 

C~~.4ar;o1~s.-Of or h4onging to the skin. 
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DEGRADATION.-The wearing down of land by the action of the sea 
or of meteoric agencies. 

DEhWDATION.-!k! wearing away of the surface of the land by water. 
DEVONIAN SYSTEM or formation.-A series of Atlazozoic rocks, 

including the Old Red Sandstone. 
'DIOOTYLEDONS or DIC~TYLED~NOUS PLANTS.-A class of plants 

characterised by having two seed-le,rves, by the formation o! 
new wood between the bark and the old wood (exogenous 
growth) and by the reticulation of the veini of the leaves. The 
p:irts of the flowers are generally in multiples of five. 

niFFICnP.sTIATIOX.-The separation or discrimination of parts or 
organs Mrhich in simpler forms of lire are more or less united. 

DiuoBPHIc.-Having two distinct forms.--Dimorphism is the con- 
ditionof the appearance of the alme species under two dissimilar 
forms. 

Dro~~ons.-IIaving the arg.ms of the woes up011 distinct indi- 
viduals. 

DIORITE.-A peculi;lr form of Greenstone. 
DonsaL.-of or beloqing to the back. 

J':DENTATA .-A peculiar order of Quadrupeds, chnracterised by the 
absence of at least the middle iuuisor (I’rout) teeth in both jaws. 
(E3~~nple5, the Sloths :md Armadillos.) 

&,yTah.-The hardened fore-wings of Beetles, serving as sheaths 
for the membranous hind-wings, which constitute the true 
organs of flight. 

j~~ssn~o.-The yo~‘o”o~ mimxl undergoing dnvnlopmrnt within the 
e;g or womb. 

~MBKYOLOGY.--'l'hs study of the development of the embryo. 
~NDE$fIC.-~e'ecllliar t.0 a given hdity. 
ENTOYOSTTRAOA.-A division of the &ss Crustacea, having all the 

segments of the body usually dist.inct, gills attached to the I’eet 
or organs of the mouth, and the feet fringed with fine IlaIrs. 
They are generally of small size. 

&ox~.-The earliest of the three divisions of the Tertiary epoch 
of geologists. Rocks of this age contain a small proportion of 
shells identical with species now living. 

Ermmmrsous IlW39ZTS.-heCtS dlkd to the May-fly. 

FAUNA .-The totality of the animals naturally inhabiting a certain 
country or region, or which have lived during a given geologlcd 
period. 
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FaLrn&.-The Cat-family. 
Brr.nAr..-Having bccornc wild from a state of cultivation or domls. 

ticatil 111. 
FLoRalThe totality of t.be pl:mts growing naturally in a country. 

or during a given geological pe iod. 
FLoasTs.-FIowrrs imperfectly tjevt loped in some respects, a~ INI 

collected into a dense spike or Lead, as in the Grasses, the 
D.mlelion, &c. 

PurraL.-Of or belonging to the fmtas, or embryo in course of 
development. 

FORAM~SIPEKA.-A clilss of animals of very low crganisation, and 
generally of small size, havh,g a jelly-like body, fror,l the surf8M 
of which delicnto filnmeota wn be given otl’ and ratracted for the 
prehension of external objects, and hnving a calcAreous or sandy 
shell, usually divide11 into chambers, aud perforated with small 
apertues. 

Fos.srr.~ea~ Ius.-ContniI,iog fossils. 
FossomaL.-Having a f8CUlty of digging. The Fossorisl Hymen- 

optela are a group of JVap-lke L~sccts, wb~ch burrow in sandy 
soil to make nests for their young. 

FREXUM (pl. FRENNA).-A small band or field of skin. 
FUNGI (sirlg. FIJNWJS).-A class of cellular plants. of which l!Ji,sh- 

ro2ms, To;ldstools, ant1 Morilds, arc fanliliar exan~ples. 
l~URcUt&--The furkcd bone lormeti by the III&~ UC Lhe W~LI-~WIIW 

in many birds, such w the cummw Fowl. 

GALLIYAC~TOUS Dmns.-An order of Birds of which the common 
PI WI, Turkey, and Pheasant, are well-known examples. 

GAL va-‘l’he genus of birds whwh ilmlmies t.he common Fowl. 
~,\su~~o.u.-A swelling or knot from which nerves are given oil ss 

from a centre. 
~AXOID Frsrres.-Fishes covcrcd with peculiar enamelled bony 

scales. 1104 of them are extinct. 
GWMISAL VESICLE.-A minute vesicle in the eggs of animals, frhuu 

which the dcvelopmeut of the embryo proceeds. 
~LACXAL PERWD.-A period of grent cold and of enormous ext.cnsil.3 

of ice upon the surface of the earth. It is Micvcd that g1aci.J 
periods have tocurred repeatedly derring tbe geologicai history ‘I! 
the earth, but the term is g~n~mlly applied to the close of tiie 
Tertiary al:cxh, when nearly the whole of Europe WUB ~ul~~tw 
tu nn arctic climate. 
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cfLAFD.-An organ which secretes or separates Some peculiar 
product from the blood or sap of animals or plants. 

CLorrm.-The openingot’the windpipe mto the cesophagus ~)rgullet. 
GNEIW-A rock approaching granite in composition, but more or 

leas laminated, and really produced by the altemtivn of a 
sediml-ntary deposit after its cous&iation. 

GRbLLATorrEs.-The so-called Wa4ling-birds (Storks, Cranes, S~ripea, 
&c.), which are gcncrally furnished wiih long legs, bare of 
leathers above the heel, ar,d have uo membranes bc~ween the 
tws. 

~HANITE.-A rock consisting esaw&lly uf c+n!s ,,f fdslw a~3 
mica iu a nlsss of quartz. 

HABITAT.-The locality in which a plant or animal naturally lives. 
HEYIFTBRL-An order or suburder uf Illsects, characterised by the 

pcmessioo of a jointed beak or rostrum, and by having the fore- 
wings horny in the basal portion and membranorur at. the 
extremity, where they cross each other. This group includes 
the various species of Uugs. 

Hen~rae~~auD1~r~.-~‘~)s~~~s6illg the organs of both 6cxes. 
Hoaror,oov.-That relation between parts which results from their 

derelupmeut from corresponding embryomc parts, ertber in 
diKerelIt suimals, as in the ca..c cf the arm of nan, the fort-leg 
of a quadruped, rind the wing of a bird; or in the ssme iu- 
dividual, aa in the case uf the fore and hind legs in yuadrupds, 
and the segments or rings and their appendsgee of which the 
my 01’ a WWIU, a centipede, be., is ooropuscd. The latter is 
called seriuE~omo7o~rJ. The parts \I hich staud in such a relation 
to each other are slid to be homologo~, 2nd one such part or 
organ is called ttlo ?~ornoEoyue of the other. In diirttrcnt plants 
the parts uI’ the flower are homokguus, and in general these 
parts are regarded as homologous with le.~vcs. 

~CMOmElL4.- An order or sub-order of Insects havitrg (like the 
uemiptera) a jointed beak, but in which the fore-wings rile 
cnher I\ hvlly membranous or wholly leathery. The Cicu:& 
Frog-hoppers, and Aphides, are well-known cxamplea. 

ByBarn.-The &spring of the uniun of two distinct species. 
H~~No~TERA.-AII order of hcctu pOS6esSing bitiq jars arvj 

usu:,]ly four membranous wings in whrch there arc a IC.\ vema 
&es and Wasps are familiar examples of this group. 

BypEu~n”PHIsD.-~~CeSSiVely develuyed. 
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ICIJXEUM~NID.E.-A family of Hymenopterous insects, the members 
of which lay their eggs in the bodice or eggs of other imecta. 

IHroo.-The perfect (~eneraby winged) reproductive alate 3f AI’ 
insect. 

h~mm. -The aboriginal animal or vegetable inbahitantu cbf a 
country or region. 

ls~Lon~~acE.-The mode of arrangement of the flowers of plant! 
INFUNIMA.-A class of microscopic Animalcules, so called from 

their havin,r ori,tilly been observed in ini’usions of vegetable 
matters. They cunsist of a gelatinous material enclosed in a 
delicate membrane, the whole or part of which is furuished with 
short vibrating: hairs (called cilia), by means of which the 
animalcules swim through the water or convey the minute 
particles of their food to the orifice of the mouth. 

INYgCTIVOBOUY.--Peeding on InSeCtA 
I~TERTEBRATA, or INVERTEBRATK API’IrwAT.s.-Those animals which 

do uot po66cs~ a backbone or spinal column. 

Lacmle.-Spaces left among the tissues in some of the lower 
aliimals, and serving in place of vess.ls for the circulation of the 

fluids of the body. 
LAMELLATEK-I%niShed with lame&-e or little pbrtcs. 
LARVA (pl. LAnvB).-The first condition of an insect at its issuing 

from the egg, when it is usually in the form of a grub, caterpillar, 
or maggot. 

LARYNX.-‘l’hc upper part of the windpipe opning into the gull& 
LAURENTIAN.-A goop of greatly altered and very ancient rocks, 

which is greatly developed along the course of the St. Laurence, 
whence the name. It is in thf-se that the (arlIo& known traces 
of organic bodies have been fouud. 

LuouarIi-iosz-An order of plants reprcscnted l~y the common PM 
and Beans, having an irregular flower in which one peml stands 
up like a wing, and the stamens and pistil are enclosed in a 
&moth formed by two other pot&. The fruit is s pod (#I 

legume) 
LEMURIDE.-A group of four-handed animals, distinct from tlje 

Monkeys and approxhing the Insectivorous Qundrupeds in some 
of their characters and habits. Its members have the nostrila 
curved or twisted, and a claw instead of a nail upon the first 

finger of the hind hands. 
ISWWTERA .-An order of Insects, characterized by the possession 
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of a spirsl @xscis, and of four large more or less scaly wings, 
It includes the well-known Butterflies and Moths. 

IxrcoaaL.-Inhabiting the seashore. 
Low.--8 marly deposit of recent (Post-Tertiary) date, which 

occupioe (L prest part of the valley of the Rhine. 

~ALACWITRACA.-The higher division of the Crustaces, including 

the ordinary Crabe, Lobsters, Shrimps, 8x., tigetber with ths 
W~llice and Saud-hoppers. 

YAAIMALIA.--" 1 he highest class of animals, including the ordinary 
hairy quslirulfeds, the Whales, and Msn, and characterised by 
the production of living young 1% hich are nourished after birth 
by milk from the teats (Manwn+ Mammary glands) of the 
mother. A striking d&xence in embryonic development bfls 
led to the division uf this class into two gnat groups ; in one of 
these, when the &bryt has nttainrd a cerrai~~ stage, a vascular 
connection, called the pkzcmto, is formed between the embryo 
and the mother; in the other this is wanting, and the young are 
produced in a very incomplete tit&e. The former, including the 
greaater pxt of the class, are called Ylaeentul munzmab; the 
latter, or ApImmid nxmamIs2 include the Mars~pi& & 
Monotremea (Ornithorhynehw). 

MAYMIPEROU8. Having mamma8 or teats (see MAYYAIJA). 

MAX.DIBLEB, in Insects.-The first or uppermost Ilair of jans, w&b 
are generally solid, horny, biling organs. III Birds the term is 
applied to both jaws with thtir horny coverings. In Quadrupeds 
the mandible ia properly the lower jaw. 

&IARSU~ULS.-A~ order of Mammalia in which the young are born 
in a very incomplete stat& of developmcut, and carrikd by the 
mother, while sucking, in a ventral ~FXICII (marsup.um), such m 
the Kangaro 18, Opossums, kc. (bee MAMMALIA). 

~~~IIL.~, in Irweck-The second cz lower p&r of jaw., which ars 
composed of srveral joints and fnrnishcd with ptxuliar j&t&l 
appendages called palpi, or feelers. 

~~ELANI~X .-The opposite of albinism ; an undue developmcut of 
colonrillg material in the skin and its appendages. 

METAMORPIIIO Rwss.--Sedimentary rocks which have 111111ergo~ 
aheratioo, generally by the action of heat, subsequently to their 
deposition and consolidation. 

Mor.Losca.-One of the great divisions of the Animal Kingdom, 

&lnding those animal* which have a soft body, usually 
40 
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furnished with a shell, and in which the nervous ganglia, 11s 
centres, present no definite genorol arrangement. TLGJ Xl 0 
generally known under the denomination of “ sh&-fish ; ” I Le 
cuttie-fish, and the common snails, whelks, oysters, mussels, alld 
cockles, may serve as examples uf them. 

~I~ONOCOTYLEDONS, or MONOCOTYLEDOLOUS PLAhTs.- plants !Q 
which the seed sends up only a single seed-leaf (or m~tylsdon) : 
characterised by the absence of consecutive layers of wood in 
the stem (endogenous groivth), by the veins of the leaves baaing 
generally straight, and by the parts of the flowvera being generally 
in multiples of three. (Examples, Grasses, Lilies, Orchids, 
Palms, &c.) 

IUaRAIiiEs.-l’he accumulntions of bagmen& of rock brought down 
by glaciers. 

?&lRPIIOLOGY .-The law of form or structure indepcudent of 
function. 

MYSIS-STAGE .-A stage in the developmrnt of certain Crustaceans 
(Pr,wus), in which they closely resemble the adults of a g~nua 
(Mysis) bclqing to a slightly lower group. 

NAsceaT.-Commencing development. 
NaTaTonY.-Adxp.ed fur the p~~rpse of swimming. 
NAuPr.lU6-FoR?.f.--The earliest slage in the development of many 

Crustacca, especially belon$ng to the lower groups. In thin 
sta;e the anim:d has a short budy, with indistinct indiciltions of 
a division into segments, :md thrct! pairs of t’rin;ed limbs. ‘Yh,s 
form of the common fresh-water C’yclr~ps wa+ &&bed as a 
distinct genus under the name of lVuu.piius. 

NISUKA~YUU.-The arrangemeut of Lhe veins or nervures in the 
wings of [usects. 

NmrTsns.-Imperfectly developed L~males of certain social inserts 
(such as Snts and Uees), which pclform all the labours of the 
comlnanity. Hence they arc also called workers. 

Nrc~rra~~sn MMRNTRRANIL-A semi-t~rnrqx~rmt mmnhrane, wbinL 

can be drawn across the eye in Birds and Reptiles, either to 
muderate the effects of a strong light or to sweep Ibartirlcs :f 
aust, &c , from the surface of the eye. 

&m,r.r.-The simple e) ep or stemmat:l of Tnslcts, usually sitllated 
on the crown of ihc head bstwccn the gre:it com~uud c!yes. 

(&opnaaus.-‘rhe gullet. 
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ool.ITIr ,.-A gr& series of secondary rocka, 80 called from the 
texture of some of its members, which appear to be made up of 
n m;lss of tnnall egg-Z& calcareoua bodies. 

OPERCULUM.-A calcareoua plab employed by many Mollusca t.7 
close the aperture of their shell. The c-percttlar vaPxa Al 
Cirripedea are those which close the aperture of the shell. 

ORBIT.-The bony cavity for the reception of the eye. 

OIWAXISM.-An organised b&g, whether plant or anim;d. 
OlWlOSPKRBlolJS .-A term applied to those fruits of the Umbllif~~ra, 

mhxh 11av~ tl,e seed straight. 
Osccr.asT.-Forms or groups apparently intermediate bet,\vcon and 

conoccting other groups are said to be osonlant. 
OVA.--EFgR. 

OVARIU~I or OVARY (in plants).-The lower part, of the pistil or 
female organ of the flower, containing the ovules or incipient 
seeda; by growth after the ot!ler organs of the flower have 
fallen, it uxunl1~ bccomcs converted into the fruit. 

Ovralslloos.-Egg-hearing. 

OVULEY (Of plall&).- ‘1‘Le seeds in the earIi& condition. 

Paclluurxna .-A group of Mamrn:~lia, uo c:~lled from their thick 

r&ins, and includiug the Elephant, Rhiuoceros, Bi~popotamus, 
&C. 

l?ai.nozorc.-The oldest system of fossi liferoun rocks. 

PaLrL-Jointed appendngej to same of the organs of the mouth in 
TnReotR and crll~tnce~. 

PArILIosacFx.-An order of Plnnts (ace T.Eonarlsosz).-The 
flowers of thewe plants are called fM~i1kz~fceoq or bll!terfl~- 

like, from the f;mcifd rI’s( ml l:mce 0f the expal.& cl superior 
pctnls to the wings of a hutterHy. 

P,W~ASIIE.-An animal or plant livin: upon or in, and at the 
expense of, anotller orgae ism. 

PaaTnexooEsesrs.-The prdnction of living oqanisms friblll 

unirnpreghated erps or ~~4s. 
1’1:nr;~cuL~TEn.-sui~~rtl d upon a stem or stalk. The pcduucu. 

lilted oak I a< irs acorns barl:e II~QII a footstool. 
‘PIXORIA or PELonrsn.--l’he npl~~~~nc~ of regulnrity of structure in 

the fl0wcr.s of plants wilieii normally bear irregular flowers. 
I’er.vls.-Tine bony arch to which the hind limbs of vertebrate 

animals are ~rIi~:uIat~4. 
Pm-au.-The 1eavc.s of the corolla, or wcond circle of organs in a 
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flower. They are uanally of delicate texture and Irightly 
alloured . 

PwLLonrnxons.-Having flattened, leaf-like twigs or lcaftitalkr 
instead of true leaves. 

ProMEm.-The colouring material produced generally in the pupera 
ficial partsof animals. The cells secreting it are called pigment- 
CC&. 

Pr?maTE.-Rearing leaflets on each side of a central stalk. 
IfrsTIns.-The female organs of a flower, which occupy a position 

in the centre of the other floral organs. The pistil is generally 
divisible into the ovary or germen, the style snd the 
stigma. 

PLACENTALIA, PLACENTATA, or Placental Mammals.-See Mdam- 
MAMA. 

PLANTIoRADEE.-QlladrUp,ds which walk upon the whole sole of 

the foot, like the Bears. 
PLASTICI.-tidily capable nf change. 
PLEISTOCKSE Psaroo.-The lateat portion of the Tcrtinry epoch. 
PLIJMUJ,E (in plants).-The minute bud between the iec’d-leaves of 

newiy-germinated phmts. 
PLuToh7a Rooms.-Rocks supposed to have been produced hy 

igneous action in the depths of the earth. 
P0r.T.a.N. -The male element in flowering plants ; usually a fine dust 

produced by the anthers, which, by contact with the stigma 
effects the fecundation of the seeds. This impregnation is 
brought about by means of tube3 (po77sn-tubes) which issue 
from the pollen-grains adhering to t+e stigma, and penetrate 
through the tissues r;ntiI they reach the ovary. 

P~LYANDEOUS (tlowera).-Flowers having many stampns. 
POLYQAM~US PnAnTs.-Plants in which some fl~nvers are unisexual 

and others hermaphrodite. The unisexual (male and fcmalc) 
flowem, may be on the same or on different phmta 

PoLyaroarnm-Presenting many forms. 
~‘omzoanY.--The common structure fsbnncd by the a&z uf tbaj 

J%dyzoa, such ss the well-known Sea-mats. 
PBEnlrh-sILE.-Capnbl9 Of grasping. 
PnxporenT.-Having a superiority of power. 
pBzasasIEs.-The feathers forming the tip of the wins of a bird, and 

&art& upon that part which represents the hand of man. 
Paocnssxs.-Projecting portions of bones, usually for tho attach- 

ment of muscles, li;aments, 82c. 
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PMFOMS -A resinous mated collected by the Ellve-Rees from the 
opening buds of various trcea. 

hoTEAN.-Exceedingly variable. 
-A.-The lowest great division of the Animal Kingdom, 

These animals are composed of a gelatinous material, and show 
scarcely any trace of distinct organs. The Infusoria, E’orrtmini- 
fern, and Sponges, with some other forms, belong to this 
division. 

PUPA (~1. Purer).-The second stage in the development of an 
Insect, from which it emerges in the perfect (winged) reproduc- 
tive form. In most insects’ the pupaI stage is passed in perfect 
repose. The chrysalis is We pupal state of butt&lies. 

Rauxc!r.u.-The minute mot of an embryo plant. 
Raaans.-one half of the lower jaw in the Mammalia. The portion 

which rices to articulate with the skull ia called the mmding 
mmus. 

Rawn.-The extent of country over which a plant or animal is 
naturally spread. I{unye in. time expresses the distribution of a 
species or group through the fossiliferous beds of the earth’s 
crust. 

RtiTi?rA.-The delicate inner coat of the eye, formed by nervous 
filaments spreading from the optic nerve, and serviug for the 
perception of the impressions produced by light. 

R~noasEssIoN.-Rackward development. When au animal, as it 
approaches maturity, becomes less perfectly organised than 
might be expected from its early stages and known relation- 
ships, it is said to undergo a retrogrde hwehpnent or meta.- 
morphis. 

~IIIIZOPODS.-A class of lowly organ&d animals(Protozoa), having a 
gelatinous body, the surface of which can be protruded in the 
form of ro& l&o prooc~sos or filaments, whioh servo for I- 

motion and the prehension of food The most important order 
is that of tho Foraminifera. 

Roursrrs.-The gnawing Mammalia, such as the Rats, Rabbits, and 
Squirrels. They are especially character&d by the possession 
of a single pair of chisel-like cutting teeth in each jaw, between 
which and the g&ding teeth there is a great gap, 

Ruons.-The Bramble Genus. 
RUDIIIENTARY .--Vt~y imperfectly developed. 
RunrnaKTs.-The group of Quadrupeds which ruminate or chew 
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the cud, such as oxen, sheep, and deer. They have divided 
hd~ #fs, rind we destitute of front teeth in the upper jaw. 

S,cnaL.-Belonging to the sacrum, or the bone compsed usually 
of two or more united vertohra? to which the sides of the p&is 
in vertebrate animals are attached. 

SaacoDE.-The gelatinous material of which the bodies of tht 
low& animals (Protozoa) <are composed. 

Scaznn~.-The horny plates with which the feet of birds are 
generally more or less covered, especially in front. 

SEDIMENTARY FoauaTross.--Rocks deposited as sediments from 
water. 

QECIDIBNT4 . .-The transverse ringa of which tho body ol nn articulate 
animal or Annelid is composed. 

SEPALK-T~~ leaves or segments of the caiyx, or outermost envelope 
of an ordinary flower. They are usually green, but sometimes 
brightly coloured. 

SeaanTunzs.-Teeth like those of a s:\w. 
SESSILE.-Not supported on a stem or footstelk. 
S~r.un~ax SYSTEM.-A very ancient system of fossiliferous rocks 

belonging to t.he earlier part of the I’al:rozoic series. 
SrscrAr.Ls.sTmN.-The setting apart of a pa:ticukm organ for the 

performance of a particular function. 
SPISAL CHOnD.-The central portion of the nervous system in the 

Vertebrata, which descends from the brnin through the arches 
of the vertebral, and gives off nearly all the nerves to the various 
organs of the body. 

STANKXJ.-The male organs of flowerin plants, standing in a circle 
within the pet&. They usunlly c.xusist of L filament and an 
anther, the anther being the essential part in which the pollen, 
or fecundating dust, is formed. 

GSvxnmrM.-The breast-bone. 
kaua.-The apical portion of the pistil in flower& plants. 
SrrPuLes.-Small leafy orcans placed at the base of the footstalks 

of the leaves in many plants. 
Srvmz.-The middle portion of the perfect pistil, which r&s hkc a 

column from the ovary and supports the stigma at its summjt. 
SnscnTarrzons.-Situated beneath the skin. 
SrrcronrAL.-Adapted for sucking. 
&TLIR~E [in the skull).-The linen of junction of the bones of n-hich 

the skull is composed. 
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TAIWUS (pl. TnasI).-The jointed feet of articulate animals, such as 
Insecta 

TELEOSTEAN FrsaEs.-Fishes of the kind familiar to us in the 
present day, having the skeleton usually completely ossified and 
the scales horny. 

TLNTACULA or TEPI’TAcI.IIs.-Delicale fleshy organs of prehension or 
touch possessed by many of the lower animals. 

?‘ERTI hRY.--‘l‘hc latest geological epoch, immediately preceding the 
establishment of the present order of things. 

'hwma.-'1 he windpipe or passage for the admission of air to the 
hIJIgs. 

TnluAcTYLK-Three-fingered, or composed of three movable parts 
attached to a common base. 

TIIILOBUEEL-A peculiar group of extinct Crustaceans, somewhat 
resembling the Woodlice in external form, and, like Pome of 
them, capable of rolling themselves up into a ball. Their 
remains are found only in the l’alzozoic reeks, and most abun- 
dautly in those of Silurian age. 

Trauoltrlrrc.-Presenting three distinct forma 

Uarar,r.L1Fm&--An order of plants in which the flow’cra, which 
conlam fire stamens 2nd a pistil with two styles, are supported 
upon footstalks which sprin g from the top of the flower st.em 
rind spread out like the wires of an umbrella, so as to bring ail 
the flouers in t.he same head (umbea) nearly to the same level. 
(/!‘xum@es, Parsley and Carrot.) 

~~GVLATA.-i-~OOf~~~ q1ld~~W&. 
UNIcx3I.LuLan.-Consi: tin; of a siilg!e ceil. 

Vmxn,Aa.--Containing hlood-vtssels. 
VEfrMrFonai.-Like a worm. 
VEHTERRATA : or VEHTRURATK A> IMAI.R.-Tile highest division of 

the animal kingdom, so called from the presence in most 
cases of a hackboue romposed of numerous joints or v&&q 
abich constitutes the centre of the skeleton and at the aarne 

time supports nnd protecta the caatral parts of the nervous 
system. 

WHORLS.-The circles or spiral lines in which t,he par18 of plante are 
arranged upon the axis of growth. 

WoRKEns.-See Neuters. 
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Z&A-STAQE.-The earl&t stage in the development of many of 
the higher Cruetacea. eo called from the name of 20&s applied to 
these young animals when they were supposed to constitute a 
peculiar genus. 

ZOOIDS.-In many of the lower animals (such aa the Corals, Meduga, 
I!&.) reproduction takes place in two ways, namely, by meana tJ 
eggs and by a process of budding with or without sepnratirln 
from the parent of the product of the latter, which is often very 
different from that of the es. The individuality of the speck 
is represented by the whole of the form produced between two 
sexual reproductions; tmd these forms, mhich are alqarently 
individual anim&, have been called zooi&. 
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--, on cru&ceans of New Zea- 
land, ii. 164. 

1 )., wson, Dr., on enmon, ii. 85. 
I L CLndollr,Aug. Pyr., on struggle 

fcr existence, i. 77. 
---, on umbellifrrre, i. 181. 
-. cn g ucrItl nffiuitit~e, ii. 223. 

De Candolle, Alph., ou the varia- 
bility of oak*, i. ti2. 

-, on low plant*, widely die- 
rwrsad, ii. 196. 

-, oh widclv-ranging pIn& 
beinn variable,‘i. 67. 

-, on nati~r:d/eation, i. 139. 
-, on willqed weds, i. 181. 
-, on Alpmo Bpecies suddenly 

becomiti6 rare, i. 210. 
-, on dr&ributinn ol’plants with 

large seeds, ii. 145. 
-, on vegetation of Australi;r, 

ii. 167. 
-, on fresh-mater plants, ii. Ii+. 
-, on iuselar pbmta, ii. 178. 
Thypdat.inn of rocks, ii. 5%. 
Denudation, rate of, ii. 54. 
- of ablest rocks, ii. 85, 
-of granitic *reaB, ii. 64. 
DTT:opGment of ancient forma 

D&niati system, ii. 113. 
Di;;thus, fertility of c.rosaea, ii 

Dimorphi-m in pl::ntd i. 55 ; ii. 29. 
Dirt 011 feet of birds, 1;. 148. 
Dispema!, rn,‘ans of, ii. l-10. 
- durm:: GlacLtl period, ii. 151. 
DLtribution, geqgrapicitl, il. 123. 
-, me*na of, 11. 140. 
Disuse. effect of, under nature, 

i. 167. 
Divcrg~~nce of chnracicr, i. 13.~. 
Diver&L~aiiun of mrnns for same 

general pul pose, i. 240. 
D.viaion, physiological, of labour, 

i. 139. 
Dog, ro~mblnncc of jaw to that oi 

iho Tbylaciuus, ii. 220. 
Dogs, hairless, with imperfect teeth, 

i. 14. 
- dcacended from several wit& 

stocks, i. 22. 
-, domestic instincts of, i. 327. 
-, inlreri ted civiiiaation of, i. 327. 
-, fertility of brecdv together, 

ii. 10. 

ent breeds. vhen young, ii. 247. 
Domesiication, variation under, i. 7 
Double Rowers, i. 3.58. 
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lhr;~~l?$r.,on fruit-trees in Ame- 

Drugon kies,’ intestines of, i. 229. 
Drift-timber, ii. 145. 
Driwr-ant. i. 361. 
Thxm killed by otlwr bees, i. 256. 
Duck, dulucatic, wiup of, rcclucod, 

i. 18. 
-, beak of. i. 255. 
-, 10gg r-hm~tt d, i. 218. 
Duckwee~t, ii. 173. 
Dugoog, allinitiw of, ii. 206. 
‘Dung-twctlca wirh deticilnt fursi, 

i. 1G8. 
Dyliscus, ii. 174. 

E. 
Lurl, Mr. W., ~11~ the nl&~ Archi- 

pelago, il. lY.5. 
Earr, drwping, in domestic animate, 

i. 1.3. 

Etrypt, productions of, 9ot mo~lificd. 
1. i!w. 

Xlectric organs, i. 23-k 
Elrplmnt, rwte of irl~~rmsp, i. FO. 

of Gl,kci:ll pr*liod, i. liti. 
Ellldrgology, ii. 2;U. 
Kozoon Canndensr, ii. 84. 
El&psy inh+~lit~~~l, i. lC;7. 
Exiafence, struggle for, i. 75. 
-, condition of; i. 261. 
Extinction, HS tworing on natural 

selection, i. 150. 
- of dome&c varieties, i. 145. 
-, ii. 94. 

I 

Ey, correction for uberrution, j. 
255. 

, Eyes, rednccd in moles, i 170. 

r. 

-, on psrwitic sphex, i. 336. 
-, on Sitaris, ii. 252. 
Fnkwwr, Dr.. on n,itrlralisatjon of 

plilnls in India, i. HO. 
- m aleptmntg and mastodonq 

ii. 11% 
- end Cnutleg, on mammals of 

sub-Hirwlavnn beds, ii. 122. 
Falkland Islahds, wolf of, ii. lS3. 
lhnltr ii. 54 
Fan&, marine, ii. 131. 
Pear, instinrtiw, in birds, i. 321~. 
Feet c,f Linls, yotmg In0llusl~n a I- 

hcring to, ii. 174. 
Frrtiliention variously en’ccted, i. 

241,252 
Fertility oi hybrids, ii. 6. 
-9 from sligtlt chuwrs in ~021 

” ditirms, ii. 28. 
- of cnwed varieties, ii. 34. 
Fir-trees dcstrl,xed by cat&, i. SS. 
- , pllm of, 1. 257. 
Fish, flying, i. 218. 
-, telco&,n, sudden oppcar- 

ante of, ii. 81. 
-, rnling seeds, ii. 146, Ii5 

-, fwsh-wter, distrilutiatn of, 
ii. li2. 

ii. 99. 

-2. 
of southern lwmisl~l~erc, ii 

Nat-fish, their slrncture, i. 200 
Flig~)8~~~owars of, how ucqUi!al, 

Flint-lools, proving nntiquity 0f 
mm, i. 21. 

Flowc~~, l’tof.,on the T,amyx, i. 237. 
-, on Ii~lithcrium, ii. 108. 
-, on IIN! rvslmlbl;lrlcr IWf\VW n 

the jaws Id the dog and Th>l*. 
cinu~, ii. 220. 
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- 
Fln\w,T’rof., on th.. I~otnolr~~y of ihe 

fret of cerhlin marsupials. ii. 232. 
Fluwe~s, &u&arc of, iu r<l.!t,i~m to 

I.*rossin:, i. 114. 
- of ~!rmr~osirs and un,bcJli- 

f&3, i. 179, 270 
-, bc amy of, i. ‘2.12. 
-, cldJe, i. %S. 
Ylynch forwriotl, d s!itutc of or- 

g;lnic nm:rius, ii. 59. 
F.rlu3, Mr. L)., vn plucinl action in 

the Andes, ii. 160. 
-, IL, on c4h1rs of shells, i. 

I ai. 
-, on abnqt rang: of shells in 

deptll, i. 210. 
-3 on poornt~sy of palaoutolo~icsl 

coIlccLwns, 11. 5X. 
-, on continuC,ua succession of 

gt nets, ii. 93. 
-, on continental cxtcnriona, ii. 

140, 141. 

- 

GWner, on sterility of Iq britls, Ii. 
3. 4. 11. 
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Lh4, rh., on gli~.cr~ 0f Sew zea- 
hrd, ii. 15:). 

ZIPI, t, effmt of, nn#ler ~Ionl~!,tira- 
iioo. i. 12. 
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Hooker, Dr.. on flowrrs of nmbcl. 
lifwe, i. 180. 

-. on the position of ovul~s, i 
2~58. 

-, on glaciers of Ilimolnya, ii 
159. 

-, on a& of New Zealand, ii, 
1G1. 

-, on wgetation at the base 01 
the Iiim;~laya, ii. 164. 

- tm phu h of Tierra de1 Fucgo, 
ii. 161. 

-. on Australiau plants, ii. 163, 
1!10. 

-, on relations of flora of Ame 
riw, ii. 167. 

-. cm 1l~w of the Antzucticlands, 
ii ItiD 18’) . , . . 

-, on ?he plants of the Galal- 
133go8, ii. lS1, 185. 

-, on gluciws of tlm L~lx~n~n, 
ii. 159. 

-, on man not rausir~g wria- 
Mity, i. !+7. 

-, on p1nut.s of mouutaiuv of 
Fernando PO, ii. 162. 

Hooks 011 palms, i. 2 17. 
- on 8~18, on islnnds, ii. 181. 
llopkilq Jlr. on dcucdntion, ii. 63. 
Iiurnl~ill, rernarkxblc instinct of, i. 

364. 
NWII~, sudimmtar~, ii. 2Gl. 
Horse. Gl:sil. in La I’l;ltx. ii. 96. 

Horse+ desir,byed by flies in Para- 
guay, i. $9. 

-, slripwl. i. 199. 
Hortinulturirtj..ele~,t.inn npplir-11 hy, 

i. 37. 
IIuber. on cells of hew, i. 319. 
-, I’., on wason blended with 

inslinct, i. 5211. 
-,on habilual nature of instincts, 

i. 320. 
, on slave-making alits, i. 336. 
-, on Melipona dotrwstiw, i. 313. 
Jludson. Mr., on the (ground-Wood- 

perker of La Plats, i. 221. 
-, on t,he M&thy, i. RR4 
~Iumble-bees, cells, of, I. 343. 
llunter, J., on wcondary wxnal 

chamctw3, i. 155. 

Hutton, Captain, on crossed geq 
ii. 10. 

Husley, Prof., on structure of her. 
mapllrodites, i. 124. 

-, on the attiniliesof the 6ireni4 
ii. 108. 

-, on forms mnnecting birds at.4 
rept&s, ii. I OS. 

-, ,m homl&~#ous organs, ii. 238. 
-. on 111~ development of apI&+ 

ii. 2 45 
IIglrri, Is and mongrt:Is compare& 

ii. X9. 
Hylwirlism, ii. I. 
Hydra, stlucturc of, i. 220. 
Hymenopt,ra, fightinK, i. 108. 
H;;inopterous insect, diving i. 

l!Iy&rie, i. 271. 

1l)ln. i. 185. 

-, neuter. i, YXJ. 
hlatinct, i. 319. 
-, not varying simultanenu !J 

with strwtnm. i. 357. 
Instil&s. dotllestic. i. 325. 
htt wnwsing, advahtagks of, i. 119, 

ii. 27. 
[slenda, oeennic. ii. 177. 
:zolrrtion fuvour;able t> relection, i 

127. 

3. 

Jnpnn, prodwtialllR of, ii. 158 
Java, @u’s of, ii. 11~2. 
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Jon, II, Mr. J. ;\I., on lhe Iids of 
Bermuda. ii. 180. 

Jour.Iain, M., on the eye-spots of 
star-fi*hez, i. 225. 

Juk,, PnB, on sub:lerinl dcnuda- 
tion, ii. 53. 

J qssien, on classification. ii. 209. 

- 

Iilligllt, Andrew. (#II IXIIPC of maria- 
tion, i. 8. 

liiilrcut~r, on Intert*ro&ng, i. 119. 
-, on the bqrherrp, i. 121. 
-9 on sterility of hybrids, ii. 3.4. 
-9 on I~ecipnxxl crl)ti*f’s, ii. 15. 
-, on cross01 va&tics of nice- 

timn, ii. 38. 

L 

Lflmnrck, on n~l:~l&~e rhnractcrh ii 
218. 

r,:mr!nl& i. 1.54 - 
-9 eyes of, i. 227. 
L:mdois, on the dovclopmcnt of thr 

wmgn of insect?, i. 2Yl. 
LamI-shells, tlititributi~,ll of, ii. 18ti. 

-, of Madeira, naturatliaed, ii. 
103. 

-, resisting salt writer, ii. 167. 
Languqes, classilirati0m of, ii. 214. 
Lsokester, Mr. E. Ray, on Lougc- 

vity, i. 263. 
-7 on horn&g&, ii. 237. 
Laptx, glcat, of time. ii. 51. 
f,tuv;e, ii. 241, 242, 243. 
i:Iurel,nectur be~eted bythe lcatcn. 

i. 1 Ii. 
Laurh,nti:tn formation, ii. 84. 
lr~rvs of rtirinlioll, i. 164. 
Leech, varieties of. i. 93. 
l.o~*uminos*. n nectnr ercn4~d ll! 

&i~~da, i. 114. 

47 

Leibnitz’ attack on Newton, ii. 294. 
Lq~idosiren. i. 130 : ii. 109. 
-, lintbe in LL nascent condition, 

ii. 25% 

-3 on rnnny forms of lifts ha-iir~g 
been at first evolved, ii. 300. 

Life, struggle for, i. 77. 
Lingnl;~, Silurian, ii. 83. 
Linnseus, aphorism of, ii. 205. 
ldon, mane of, i. 109. 
-, youug I$ striped, ii. 241. 
Lobelia fulgc ns, i. 90, 121. 

ttcrility of crowl,s, ii. 7. 
~ZWOWI, Mr., on the? ova of 411~ 

Hi~pmmpua, i. 295. 
I.c+usts transportin:: seals, ii. 117. 
Logan, Sir \V.,OU L:iurenti:ln rorlrll,a- 

tmn, ;i. 84. 
LOW. Rev. R. ‘I’, on locusts visitin: 

Mad&x, ii. 147. 
Lowness of struehre connect, ,I 

with varlfiblllty, i. 1~4. 
-, r&ted to wide distribution 

ii. 19ti. 
Lubbllck, Sir J., on the nerves rot 

cwm3, i. 54. 
-, on sea.ondary sexual churac- 

tcra, i. 193. 
-, on LI eliring hynrcnopteroua 

insect, i. 22’2. 
-9 on afioit;ea, ii. 73. 
-, on metamorphoses, ii. 239, 

242. 
Lucq Dr. P., on inlleritmlce, i. 14. 
-, on resrrnblirm~e of child lo 

parent, ii. 4% 
Luucl au11 Clausen, on forsila of 

Urrlzil, ii. 121. 
Lgell, Sir C., on the atruggl,, for 

cxiatence. I. 77. 
- , on nhern changes of the 

earth. i. 118. 
-, on terrestriill animals not 

having beeu developed OII islands. 
i. 251. 

-3 cbrl * carboniferous land-sl;~Jl, 
ii. 59. 

-9 on strata b+mxtb Gilnr;an 
Bystem. ii. HL 
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I 
Lyell, Sil. C., on the imperfection of 

the goologicnl record, ii. 88. 
-9 on the appearance of species, 

ii. 88. 
- -, on Dnrrande’a colonies, ii. 90. 
--, on tertiary furmeliona of 

I~lt~rvp,e and North AUICI ice, ii. 

JIarsupiald, fossil specica of, ii 121. 
Martens, BI., experimcut ou UCCI!~ 

ii. 144. 
Bfmt in. Nr. IV. C., on si:ipcd mu!r.+ 

i. 201. 
3Tnstew Dr., on Snporntria, i. 272. 
Xltleucci. on tile alwrrio Organa .I 

101. 
-, on parallcli~m of tertiary for- 

rrrys, i. 234. 

mations, ii. 1 0;. 
Matchiole, reciprocal rrodses of, ii 

15. 
-, on transport of seeds by iee- 

bergs, ii. 14% 
-3 on grvat alterations of cli- 

mate, ii. 170. 
-, on the diutrilmtion of fresh- 

water hhells, ii. Ii& 
-1 on land-ahc-113 of Matleiin. 

ii. 193. 
1.~11 sn,i Damson, on fossilized trees 

‘in Now Scotia, ii. 79. 
Lythrum salicaria, trimorphic, ii. 

32. 

N~Dontroll, Dr., on electric organs, 
i. 234. 

MaJeim plants of, i. 130. 
-. beetles of. GnZless. i. 169. 
-: fossil id-d& ui ii. I :! I. 
-. birds of, ii. 180. 
BTagpie tame in Norway, i. 325. 
N:rles fighring, i. 108. 
M:iize, crossed, ii. 37. 
Malay Archipelago compnred with 

Europe, ii. 74. 
-, mammals of. ii. 185. 
Blah, on Iiat-fish, i. 2Yl. 
nlslpigbiacem, small impcriect 

liowerd of. i. 269. 
-, ii. 209. 
Al.tmms, their development, i. 29.5. 
----, rudimen:ary~ ii. 255. 
M~mmnls, (b;ird, in secondary for- 

Blan, origin of, ii. 30% 

mation, ii. 79. 
-, insular, ii. 183. 

kT;y;tee, rndimcntary wila of. ii. I Blorpbolugy, ii. 231. 
j . on Ill!? 1rnvra of ox:.lis$ 

hlurl;ul~isls of Austmlis, i. 140. 
, ny;;;; 

-, bLrn~tnrc of their Iccl, ii. 232 1 nlOfila, irjbrid, ii. 9. 

>Twrnndi i i. “07, 
iixns of ll;,pr;s:,l, ii. HO. 
i%lipona domestira, i. 3 13. 
JILmell, Ur , 011 tlw Amert,*nn 

cuekco, i. 330. 
Metamorphism ofoldest rocks, ii.85 
Nice deatroyillg bees, i. 90. 
-, wxliululirirlh UC, i. 175. 
-, tails of, i. 294. 
Miller. Prof.. on the cells of beea, 

i ?44 . * ‘;50: 
Mirebil;s: crosses of. ii. 15. 

-, ou the vyea of cephalopods, 
i. 237. 

-, vtlrious ol+wtions lo N&md 
Selection, i. 275. 

-9 am abwi)t ~~wlifiraliona, i. 313. 
-, on the rescmbbinco of 01s 

wmns~~ and ;u,techinns, ii. 218. 
Jlncking-thrtmh of the Galapagos 

ii. 133. 
JIndlric;ltion of species not abrupt, 

ii. 29% 
Nolea, blind, i. 170. 
Uolotlirus, babiti of, i. 334. 
RIongreis, fertility and sterility of, 

ii. 34. 
- and hybri)ls compared, ii. 53 
hlonkeys. fo&l. ii. 79. 
blonachanthns, ii. 218, 
Hans, Vnn, on tho origin of frui: 

trees. i. 33 
iV~nstlnsitiea, i. 51. 
bloquin-Taudon, on sea-side i lant3, 

i. 18G. 
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Mnzrcrt, musical powers of, i 321. 
Mud, seeds in, ii. 175. 
hi uieq striped, i. 201. 
?diillrr, Adolf, on the instincts of the 

cuckoo, i. 331. 
Eliiller, Dr. Fcrdinaud, on AIpiflo 

A ~antmlinn plants, ii. 163. 
Sitiller, li’ritz, c,n dimorphic crus- 

kwam3, i. 55, 362. 
-, on the lnucelot, i. 15-L 
-, 011 sir-bletilbillg cruBtacl,ans, 

i. 233. 
-, on climbin;: plants, i. 307. 
-, on the heIf-*terility of orchids. 

ii. 7. 
--* on embrynlogy in relslion to 

ckssificnliou, ii. 210. 
-9 on the Inetal~dlr+xlea of OnU- 

taceanu, ii. 21.5, 253. 
-, on terrl atri.d ;.nd fre>h-mntrr 

orgauismj not unllerguiug alby 
utt+uuorpLosis, ii. 250. 

Bl ultiplicntioll of species uot iudcfi- 
nite. i. 157. 

l’d ~~rchison. Sir R.. on the forma- 
cious of Ilu&a. ii, 60. 

N. 
Niigeli,on mnrpl~ologiral clinractcrs, 

i. 206. 
K:Hi!s, rudimentary, ii. 260. 
Niathu-iuj, Vun, on pigs, i. 219. 
Xutural history, luture progress of, 

ii. 301. 
- belectinn, i. 97. 
-- sytem, ii. 204. 
h’dturalisatinn of forms distinct from 

the indlpaoua speciee, i. 138. 
Huturalisarivu in New Ze&nd, i. 

25% . . 
Nan ~1 in, on annl1~gou8 varmtions in 

ywrcls, i. 195. 
- -, on hvtn id gourds, ii. 38. 

Nnudin, on reversion, ii. 41. 
h’:mtilus, Silurian, ii. 83. 
Nectar or plants, i. 114. 
Nectaries. how tolmed, i. 1 I % 
Yelumbium luteum, ii. 176. 
Nests, vnrialions in, i. 324. 355.36 1, 
Hwtcr innccta, i. 353, 31'0. 
Sc:wn~nn, Cal., ou hum\,lc-bees,i. 90. 
Sew Zeal~t~~d, productions of, not 

pcrkct. i. 255. 
--, naturalised products of, ii. I 19. 
--, fossil b&8 of, ii. 121. 
--, glaciers (of. ii. 159. 
-- . crnstarearls of. i i 161. 
-, nlgz of, ii. 16L. 
-, nu:llbcr ot plants of, ii. 178. 
-- , llors of, ii. 189. 
.Su~v(nn, Sir I., attuohed for irre- 

Iigilm. ii. 294. 
-, Prof.. on enrtb ntt:ichctl to a 

pnrtridgc’a fixjt, ii. 148. 
Nicotiall:], erossecl vxrretics of, ii. 39. 
-, c*ertuin species very steiilc, 

ii. 14. 

Kcldules, pl~9sphatio,in nzoic rocks, 
ii. 84. 

0. 
Ckrks. rarin1,ilit.y of, i. 62. 
Ouitcs, apl~tlles, i. 168. 
Ononis. small imperfljct flowers of, 

i. 21,9. 
Or&ids, fertilis:ltil~a of, i. 24 1. 
-, the development of their 

flon em, i. 303. 
-, form of, ii. 216. 
Orchis, pollen of, i. 2%. 
Organisation, teudeucy to advance, 

i. 151. 
Or::ana of ontrome psrfcction, i. p23 
-, electric, of fishes, i. 234. 

- of little imporlsnctb, i. 245. 
-, ho~~.ologous, ii. 233. 
- rudiments of, knd nat;ceut, 

ii.‘255. 
Orltithorl,ynchus, i. 130: ii. 203. 
-? man;mw of; i. 296. 
Ostrdr not capable of Higlit, i. 281. 
-, habit of laying eggs togetker, 

i. 335. 
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Ostrich, American, twu species of. I’elvia OP womeu, i. 175. 
ii. 132. f I’eloria, i. 180. 

Otter, habits of, how acquired, i. I’eliod, glivd, ii. 151. 
2 16. l’t%rcld. hab’t* of. i. 221. 

1’1rrisia~r~s, fertility of hybrids, ii 9. 
l’haasant, young, wild, i. 33% 
I’ictet. Prof., on groups of .+ 1;; 

suddcllly appcar,ng, ii. 77. 
-5 

90. 
on rate of organic change, !i 

- -  -7 on vegetative repetition, i. 
184. 

-, on vmiability nf unnsu:~lly 
tl~velop~d parts, i. 1%. 

I-7 on the eyes of fidm. i. 227. 
-. on the swior-bladder of fishes, 

i. 231. 
-1 orl fossil horae of La Plats, ii. 

!Mi 
- -, on generalized f0rm, ii. 107. 
--1 on reltition of ruminants and 

pachidcrur+. ii. 107. 
-. on f~.Gl birds of New !&a- 

-, on corltlnuouv succession ol 
emem. ii. 93. - 

-. on clmnge in intest tertiarv 
torrns, ii. 71. 

-, 0; close nlliance of fossil* in 
consecutive form;~tious, ii. 114. 

-* 
78. 

on early tron~itional links, ii. 

T%y;lMr., an varieties of WOIWB, 

I‘irreons’witl! fenthertd feet and skin 
l)etwcen toes. i. 14. 

-, hrda 15 scribA, rind orizIn 
of, i. 2.j. 

--, Ivcctls of. JIOW procfucnl, i. 44, 
47. 

I:lnd, ii. 121. 

--, tumtlrv. not. being able to get 
out of egc, i. 106. 

P. -, rcverl ing to blue rolour, i 107. 

Fwific 0,~ an. fiulu:m of, ii. 131. 
-, instinct trf turnhling, i. 3”7. 

lkxr~l, on electric orp~~a, i. 235. 
-, young of, ii. 2.18. 

Pala~y, cm no organ fmmcd to give3 
l’igs, black, not ufKutcd by the 

pain, i. 251. 
Jlaint.n~ot, i. 13. 

- 
PiAla.9, on lhe fertility of thr donIce- 

modificad by want of wcrciw, 
i. H49. 

;)*;tx.d descendantilof wild stocks, Pis!il radimentarp, ii. LLS6. 

P;diu with hook.8, i. 2 LT. 
Plant;, phx,0us, not rslL ct;n:: CST- 

tain rolourcd :Initllala, i. 13. 
I’;qxxpcr LrueC:atuln, i. 172. 
Ptfraguay, cattle deutroyocl by flies, 

-, dnctiot~. applied to. i. 41 

i. 89. 
-, gradual improvement of, i 12. 

Parasites, i. 334. 
not improved in barhar;lvlk 

Piirtridgc, with hall of earth at- 
tnched to foot, ii. 148. 

P:arts greatly deva l~)pJ, variable, 
i. 185. 

Parus major, i. 230. 
I’:u&lora, ii. 5. 
Peaches in Ullited Btntttt, i. 104 

, -, rwctrrr of, i. 114. 
; -, feshv, or1 sea-*bores, i. 166. 
I -, climbing, i. 2:VJ. 30.5. 

t)twr, graft.2 of, ii. 18. 
I’edice!l;lriae, i. 293 
Yclagnminm. flowt~rs of. i. ISO. -, low in FcaSIP, widely e!ititrL 
-9 &xilitg of. ii. 7. i buted, ii. 1%. 



P14.111 ouectidae, their structure, i. 
200. 

Plumltige, laws of change in sexes 
of birds, i. 109. 

l’liuns in the Uuitcd Statr~s. i. 104. 
l’oiutcr dl.6, oriqn of, i. 40.’ 
- , IlnLita of. i. 3’27. 
lbiwn not ;rEfectiw certain cnlourcd 

aninmls, i. IS. - 
-, aiwihr c.lfi8.t of, ou animals 

and pi~~utti, ii. 2!~!). 
Polleu of fir-trecx i. 257. 

Pot,mogeton, ii. 175. 
I’ouclwt, on tlm coloure of fi:&fidh, 

i. 293. 

Pyrg~ma, found iu tbl: chalk, ii. 81. 

0. 

Qu~rcus, vnrinbilitp of. i. 62. 
Quiuce, graft8 of, ii. 18. 

B. 

1<~~es, domestic, rhnracters of, i. 18. 
It m3-homa, Arab. i. 4ll. 
- -, Englidi, ii. 140. 
Ldcliffe, Dr., the olrctri~al organs 

of the tnqledo, i. 2M. 
It ~mo~d, on planta of Pyroneea, ii. 

153. 
It !meay. Prof., on subaerial der,u- 

a ation. ii. 53. 
c, 011 1liickur:aa of tlrcr lhitih 

4’orm:8tions, ii. 55, 56. L 
---, ou iiidta, ii. 05. 

-- 
RIINSII~, Mr., on instincts of cuckoo, 

i 3% . 1 . 
Ratio of increase, i. 79. 
Rats sopplanting each other, i. 93. 
-, accliu~alisation of, i. 175. 
-, blind, in cxvc, i. 171. 
R IttIe-snake. i. 95t 
I<eason au11 instill&, i. 319. 
Il~~cnl~ilul ition. gmcr::l, ii. 267. 
Ib~ci~brwily of wows, ii, 14. 
I~ewrrl. poIo~i~d. imperfect, ii. 48. 
Wn:ger, on flies dedtroyillg cattle, 

i. 89. 
R~~~mxluction, rate ofI i. 70. 
ltesruiblance, protcctlve, of insects, 

i. 283. 
- tn pareDtH in mOn@8 ad 

h!brLte, ii. 41. 
Reversion, law of inheritance, i 

16. 
-. in pigeons, to blue eolour, i 

193. 
Ill1o4Io~lendrnn, stwil ity of, ii. 7. 8. 
Hil+nrll, Prof.. on Aspicarps, ii. 200. 
iti(~h:~r~lson, Sir ,I., on structure of 

squirrdrl, i. 216. 
-, on tiahes of the southern hemi- 

Rpllerla, ii. 161. 
RobiIlia, plufls of, ii. 19. 
llotlt~l~ts, bl iml. i. 170. 
Ro#ers. Prof., Map of N. Amcrif*a, 

ii. G.5. 
Ttu~liluentary org:ms, ii. 235. 
Hutlhents importmt for ulas;rifictr- 

tion, ii. 207. 
Xiitinfc~ycr, on Imliun m!flc, i. 21 ; 

ii, IO. 
8. 

Faperet., on jimftq ii. 13. 
Saimons,m&a tiglrtilqnnd ho.rked 

jaw of, i. 108. 
Salt water. h~nv far injurious to 

secda, ii. 142. 
- III~ deslructive to hmd-shelle, 

ii. 187. 
Cult, 1, Mfr., on early death of Ikgbrid 

embryoa, ii. 23. 
SJuroplmgua sulphuratus, i. 220 



336 SOIIACUT. INDEX. SQlTAl,“TMW. 

SOhacht, Prof., on Phyllotaxy, i. 
270. 

Schiiidte, on bliml inwets, i. 172. 
-9 ou &t.fish, i. 290. 
Srh!epel, on snakes, i. 17.5. 
Sc~$l, Dr., on the em of mice, i 

b 
t;colt, J., Mr., on tho self--.tcrility 

of orchids, ii. 7. 
-, on the we.-siug of varieties of 

vc~rb:~scum, ii, 38. 
Sea-ustcr, how far injurious to 

fled, ii. 142. 
- uot destructive tir laud-Alella, 

ii. 187. 

Shc~lls, fresl+w&r, long retain the 
saw3 hrru~, ii. 117. 

-, frrsh-water, disprrsal of, ii. 
173. 

-1 of Matleira, ii. 180. 
-, land, dialributinn of, ii. 180. 
-, land, resisting salt natar, i i 

lh’7. 
Slirt~w-rnous~. ii. 218. 
Si I~,ne, infer: il i ty c,f crosses, ii. 14. 
Sillimm, I’Iv~;, on blinll r;ti t. i. 171. 
8i rolli+ their tifinit.ies. ii. 10% 
Si bris, nretan~orphosi. of, ii. 252. 
Yknlls of young mammals, I. 2~8; 

ii. 235. 
Scbriuht, Sir J., on crossed animals, 

i. 2% 
Scd;wick, Prof., on groups of spe- 

tics sud(lenly :LpptGug, ii. 77. 
Seedlings destroyed by msLcts, i. 

83. 
See~ls, nutriment in, i. 94. 
-, winged. i. 181. 
-9 mca:rs tf dlajeminstion, i. 

240, 352. ii. 146. 
-, powc; of resisting salt water, 

ii. 14% 

Shrve-making i&in&, i. 336. 
Snlifh, 011. Hamilton, on btrimd 

11~4xe~, i. 200. 
-3 Mr. Fred., on slave-making 

ants. i. X(7. 
-9 on urut, ‘r ant4 i 3tiO .I . 
Smitr, Dr.. cm tlw A:lvzo.~, i. 301. 
SliiAcwith tooth f;lr~.;ttillgt~lrnl,~l, 

egg-n11el1, i. 33L. 
Ywlterville, Lord, on selection of 

sheep, i. 35. 

- in c’rops am1 ilbtestiues Of 
billdx, ii. 141;. 

-, eakn by fish. ii. 146, Ii& 
'-, iu mud, ii. 175. 

-, Ib,,ok<,cl, on isinnd~, ii. 181. 
Selectiun of dom<,stic products, i. 

34. 

S~rburi, grslts of, ii. 19. 
Sorex, ii. 2 t 8. 
$a licl, King Charles’sl~ree~l, i. 40. . SIw~ahsaii~bu id orgwr, i. 152. 

-. principle not of recent origin, 
i. 3:*. 

-, unconscions, i. 39. 
-, nalurd, i. ‘37. 

-, jiroup 01; sud~Lnty app. ilr- 
ill:, ii. 77 84 I -. 

- bcueath Silurian fwnntion.a, 
ii. 84. 

~r:ru:~I, i. 107. -9 1 
-, ohjcctiima to term, i. 99. 
- uaturrrl, hav not induced steri- 

lity, ii. 20. 
F~xc-c+, r~latinns of, i. 10% 
I;Pxual characters vai iable, i. 191. 
__ eulcrtiun, i. lU7. 
Sheep, Merino. their sel+,ction, i. 36. 
-, two sub-brcuds, un.nt~,utmu- 

- successively appearing, il. 89 
- #*hanging himl~l:anronalg 

throughout the world, ii. 1~0. 
Spencer, LtJrll, on increase in size of 

cattle, i. 40. 
-, Herbert, Mr., on the first sb 1% 

in differentiation, i. 1%. 
-9 on the tolIllc:lcy to au equi& 

brium in all forces. ii. 29. 
ally produced, i. 41. 

-, mountain varieties of, i. 93. 
R~~L~lla, r~Jtn~rn of. i. lli5. 
-7 hi 11 cs of, i. 210. 
-.-, litt:al, sel.lom emlmhlcd, ii. 

58. 
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Bquirrcls, gradations in structure, i. Teeth and hair correlated, i. 179. 
216. 

Staffordshire, heath, changea in, i. 
-, rudimc-ntary, in embryonic, 

calf, ii. 255, YW. 
87. 

Stag-beetles, Rghting, i. 10% 
Tcgetmeier, Mr., on 1~11s of b&e, i 

316,3x2. 
Btsr-fishes, eyes of, i. 225. 

tlwir pwli4~rllnri:e. i 999. 
Temminck, on distribution aiding 

GZLitg from changed couclitionsof 
r~l~~r;ificntion. ii. 211. 

c Tendrils, their drvelonment. i. 
lilt, i. 10. - 

-- of’h\-brid-i, ii. 3. 
-- L, I:iws of, ii. 11. 
-- -9 c;~use~ oT, ii. 20. 
--, from unfavouri~ble conditiona, 

ii. 26. 
- not induced throu$r natural 

selection, ii. %A. 
St. Helena, productions of, ii. 17% 
&jt. Hihire, Aug., on vari;~Lility of 

ccrmiu plants, i. 27’L. 
-, on olassificati~m, ii. 209. 
St. John, Mr., on hab te of clcts. i. 

335. 
sting of bee, i. 256. 
Stooks, aborigimrl, of dom&ic sui- 

mals, i. 22. 
Stnna, thickucss of, in DritAn, ii. 

55. 
Stripes on horses, i. 193. 
Btructure, dcgrecs of utility of, i. 

249. 
Struggle for existence, i. 7.5. 
~ucae. sion, grolo;icnl, ii. X9. 
-of rypa in sanm arcm, ii. 12 1. 
Swallow, one spccms supplanting 

another, i. 93. 
Swaysland, Mr., on esrth :I~lhering 

to the feet of migrltlory birlla, ii. 
14% 

hvifts, n&s of, i. 355. 
Bairn-Lladdur, i. 230. 
Switzerhmd, lake habitatiuns of, i. 

20. 
Hy.-tom, natural, ii. 201. 

T. 

305. 
. 

Thmpwn, Sir W., on t.he age of 
the hab;table world. ii. X3. 

-, ou tile cons~~Iidulion of t!ro 
crust of the earth ii 275 9. . 

Tllooin, on rraft.s, ii. 19. 
‘I’hrcsh, aquatic species of, i. 222. 

-3. 
mocking, of the Galallagw, ii. 

-, young of, spotted, ii. 211. 
-, nest of, i. 364. 
Thnrtt, hf., on trussed foci, ii. 15. 
Thwaitoa, Mr., ou arclimarisation, 

i. 174. 
Thylacinus, ii. 220. 
1 itirra clcl LGqo, dogs of, i. 3%. 
-, phnts of. ii. 169. 
Timber-drift, ii. 115. 
Time, Ianso of, ii. 51. 
- by Itself not catning modifica- 

tion. i. 1%. 
Titmonae, i. 220. 
TIWIY 011 i4an4ls. ii. IS2. 
T~hcro, cr0sm.l va&:t,les of. ii. 38. 
‘l’otnes, Dir., 011 tlm dm rbut;otr of 

bats, ii. 184. 
Transitions in varieties rare, i. 20S. 
Traquair, Dr., on flat-6-h. i. 29:l. 
‘l’r:~u~schold, on intcrmed~atc bari+ 

tics, ii. 66 
Trres on islands belong to peculiar 

ordws, ii. 162. 
- with sepnrltcd s~xcs, i. 12.3. 
Trifoli~nn Lm8tense, i. DU, 117. 
- inc~rnntum, i. 117. 
Trigonla, 11. YY. 
Trilobi tee, ii. SY. 
7, snld~ extinction of, 99. 
TriimEi Mr., on imituting-isw ( fs, 

Trimor~&n in plants, i 55; ii. 29. 
Trogh~tlyres. i. Yti~. 
Tuco-tuco, blin~l, i 170. 
Tunlhler pi~e~ms, kabrts cf, herdi. 

My, i. 317. 



Tumbler, young of, ii 248. 
Turkey+&, tufl of huir on bronst, 

i. 110. 
--9 nnkcd skin on hcall, i. Z-15. 
-, young of, instirlclivf:ly wild, 

i. 329. 

Y’ypotheCum,ii. 103. 

u* 
Uddc~~ enlarged by KS’, i. 12. 
-, rudimentary, ii. 256. 
I&x, young Icaves of, ii. 241. 
TJmhellif&. flower8 and sccda of, 

i. 180. 
-, ouler and inner tlorets of, i. 

270. 
Unitv of type, i. 260,261. 
IJriic’l~~~rvm:rns, i. 113. 
Use, efK&ls 01; und(.r do~u~bti~~tiou, 

i. 12. 
-3 effwfs of, in LL state of nature, 

W~CIICY, Moritz, on the importarlco 
of im.1 ilion. i. 127. 

\\‘i0llaca, Nr., on origin of species, 
i. 2. 

- . , on the limit of variation under i. 167. 1 
Utility, how fur important in the lronN?stIcntlon, 1. 48. 

construction uf u:tch purt, i. 249. -, on dimorpilio lepidnptern. i. 
I c, 5’, 3c;‘L. 

Vnr’eties,whcn croasrd.aterile.ii. 37 
-, c~lsssificlr Con of, ii. 215. 
Vcrbextlm, sterility of, ii. 7. 
-. varieties of crossed, ii. 38. 
Vrrlot, M., nn double atockp, i. 359. 
Vt rurxull. 7-L tlk*. nu the suc~~ca&ul 

411’ qlt.cies. il. lo;!. 
Vilrl~:b0ll;r ol’the I’nivx~:~, i. 3OI. 
\-is ~I:I. ~M:L/ I imperl’e’ct Howera of, i. 

2(;:1. 
-, tric~olor, i. 00. 
Virchow, UII the ~trurturo of tile 

cryst:lllino II~MJ, i. 227. 
Virfiuia. pig.3 of, i. 101. 
Vol;ntric isl;~ndu, denudation of, ii. 

Vult&e,naketl skin on IICM~. i. 247. 

TV 

Wading-birlls, ii. 175. 
Wq:ller, Dr., on Cccidomyia, ii 

%!I. 

V:iriutirm tinder domesticntion, i. 8. 
- caused by reproductive system 

IGlg nll’ez%eil by condition8 of 
life, i. 10. 

__ under nature, i 51. 
---, laws ot; i. 164. 
-, ~mrthtcd, i 13, 177,248. 
$‘erintioFe appear at correspouding 

nges, 1. 16, 105. 
- ;dwp~~ in distinct species. 

i. 103. 
Vwrietirs, niltural, i. 50. 

sfruqle bvtweeli i. ‘33. 
ZI ~10:nL4riec, cxtiuotlou of, i. 131. 
----I trnnhilional, rarity of, i. 208. 
-, W~I:II crossed, fertile, ii. 34. 

on the Malay Archipalago, ii 

-t on mimetic auimnls, ii. 224. 
\V:rldb, Mr. 1%. D., on pl~yhpiagic 

forms, i. 60. 
-1 on equal vari;~l mility, i. 195. 
IV&r, fresh. plvductic,nir of, ii. I; 1. 
\Vnter-hen, i. 2% 
\Vaterhouae, Mr.. on Au&al iau 

marsupials, i. 140. 
-, on grelrtlv developed parta 

Ising vnrial& i. 185. 
-, on the cells of bars, i. 313. 
- -9 on geueml &iJitics, il. 257. 
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W;<tcr-ouzel, i. 222. \YolIa&m, Xr., on c~lourd of insects 
W~tsou. Mr. H. C., on range of on wa-ahcw, i. 165. 

varielies of BritLh ILnts, i. 57, -. on wwdess beetles, i. 1G9. 
73. 

-, on acrlimalisntion. i. 134. 
- 7 on flora IIf Azcrw, ii. 149. 
-.-, on Alpine plantn. ii. 153. 
---7 on raritv ti#f interruediute va- 

ricties, i. 21’2. 
--, on convt~r~mce. i. I.56 
-7 on 01~3 in lefillite mullil&ca- 

f ion of species. i. 1.57. 
\reale, Mr., on Iwzusts twnsporting 

wetlr, ii. 147. 

-. on mri’iv of intcr&diate wb 
riotics, i. 21’2. 

\V cb of feet in wn ter-birds. 1. 22% 
W&lnann, Prof., ,111 the causes nf 

w&ability, i. 8. 
-5 on rutliment:wy orrrans. ii. 260. 
Wwt Indian Idamls, m:unmals o!; 

ii. 185. 
Wcstwd, on yecies in Inrge gener:r 

I6llg closely allied to otheri, i. 
71 

.---, cm i1181d:w insects, ii. 178. 
-, on I;lud-shrlls of Madci,x 

mrturslised, ii. I!):%. 
\Tolve9. rarielic,s of i. 1 Il. 
\Vood .dlrk with c&h nttachrd to 

leg, ii. 148. 
Woodpcckw, hnbits of, i. 220. 
- , grrrn :~olow of, i. 247. 
1Voodwrd. Mr., ~,n 1 he ilu-ntion of 

spcodlo r4mna, ii. Oh. 
-, on Pyrroma, ii. 81. 
-, on the wntiuuous succession 

of genern. ii. !13. 
’ -. 011 the swcohsilm of types, ii. 

121. 
1vorld. spwiw rhnnginz simultnne, 

. . . 
-9 on (lie tnrsi of l?.n~dw, i. 102. 
-, on the rntwnp of hymcno- 

pwrous iftno~%, II. PUi. 
Whales, i. 2%. 
\\‘lwat., v:bri, tiva of, i. 137 
White Nmnlnins. flora of; ii. 151. 
WBittnk+~r. Mr.. on lines of csc;+rp- 

meld, ii. 53. 
Wil.hura, Max, on hghrids, ii. 24, 

27, 41. 

’ \Vrigllt. Mr. Clwm~ey, on the 
cir:,ll;!. i 278 

-, on the ccl18 of the bee, i. 345 

Y. 

You& Mr.. on wlection, i. 35. 
-, on hub-hrecds of sheep, i. -I I. 
-, 011 ru limwt;q hur:ia in 

plug cnllh, ii. 2tiI. 
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