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NOTICE.
Double insertions corrected (from synonymy chiefly). The localities attributed to both insertions are to

be placed under the species retained. Some recent acquisitions are added.

ERASED.

Tetradiuin columnaris





PREFACE.

THIS attempt to exhibit in a clear and concise form the leading features of Silurian life has arisen

from my own deeply felt want of such a record or muster-roll of the constituent members of this

early portion of extinct Zoology a great and varied zoology, prophetic of the grand outlines of all

succeeding organic beings, and unequalled in magnitude and other points of interest.

This has been rendered a favourable moment for such an undertaking by recent publications of

singular value, but which are difficult of access.

The new facts they contain may now be added to the accumulations of the last thirty years,

brought together by the highly meritorious labours of private individuals, and especially by the

Professors and Students of Colleges in many parts of the world.

But the largest contributions have come from public surveys, in North America especially.

These surveys have been conducted by men of great ability and zeal. When, therefore, a national

exploration has been set on foot, the effect has always been, in an extraordinary degree, that

sterility in facts mineral and organic has become abundance, and obscurity has been exchanged for

light.

As there is here required not only a common acquaintance with Silurian life, but also an

exactitude and a critical skill in palaeontological determinations much beyond the ordinary student,

I obtained, after my materials were well put together, the very valuable aid of Mr. J. W. Salter,

late Palaeontologist to the Museum of Practical Geology. I was then, through the kindness of

Sir R. I. Murchison, Bart., K.C.B., allowed to submit my manuscript to Robert Etheridge, Esq.,

F.R.S.E., the present Palaeontologist to the Institution over which Sir Roderick presides with so

much father-like wisdom.

To the continued superintendence of these eminent naturalists I am indebted for corrections

and suggestions of the greatest value, and particularly as relates to Britain and the Old World.

My matter has been principally found in the voluminous and truly priceless writings of

Angelin, Barrande, Billings, Davidson, De Verneuil, Eichwald, Hall, M'Coy, Murchison, Phillips,

Portlock, Salter, Sedgwick, Shumard, Sowerby, and many other authors of scarcely inferior merit*.

My best acknowledgments are due to Sir Roderick Murchison for the fourth edition of
' '
Siluria

"
: much new information has been derived from it.

I have been favoured with many unpublished contributions from my friends Mr. Billings (the

learned Palaeontologist of the Canadian Geological Survey) and Principal Dawson, F.R.S.,

Montreal.

Also, through the kindness of Mr. Salter, large additions have been received from Col. Strachey

(Himalayas, E. I.), from Dr. Milligan (West Tasmania), from Henry Hicks, Esq. (South Wales),

and from the late Mr. Wyatt-Edgell of the 13th Regiment of Infantry.

In regard to the obligations conferred on me by M. Joachim Barrande, silence, were it possible,

*
Agassiz, Belt, Beyrich, Bronn, Brongniart, Carruthers, Conrad, Dalman, D'Orbigny, Vicomte d'Arcliiac, Dawson,

Emmerich, Emmons, Fischer, E. Forbes, Goldfuss, Green, Harkness, Hisinger, Ilaime, Honeyman, T. Rupert Jones,

Ketley, Kutorga, Lawrow, Linnaeus, Love"n, Lonsdale, Marcy, M'Chesney, Meek, Meneghini, Milne-Edwards, Morris,

Nicholson, Owen, Pander, Romer, Rouault, Sars, Safford, Shaler, Sharpe, Swallow, Triger, Vanuxem, Von Buch,

Volborth, Wahlenberg, Winchell, &c.

b
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would be a happy escape from the vain attempt to express them. How can the gift of more than

2000 Molluscan species, determined by the first palaeozoic naturalist of the age, be worthily

acknowledged ? M. Barrande will be fully content to find his reward in any usefulness of the

work he has so largely benefited.

Under the head of " authorities quoted," there will be placed in the Appendix a list of books

and memoirs employed in building up this general view of Silurian life, to which, accordingly, has

been given the name of " Thesaurus Siluricus."

As long as an individual Mollusk remains unregistered it loses a great part of its usefulness in

natural history ;
and we remain ignorant of its place in Creation ; but even then it may reveal an

important fact just as the Trilobite speaks of the Palaeozoic period, and the Nummulite of the

Tertiary.

Until some such record as the present is available, the labours of investigators (many of the

greatest are still rejoicing us with their presence) will rest comparatively fruitless.

It has hitherto not been possible to contemplate widely scattered existences in the aggregate.

Many facts have been stored up separately, but generalized truths rarely attained. The work now
undertaken has not been yet done for any one epoch not even for the Cretaceous period by
Mr. Gabb of California, although he has done much and well.

The elaborate and highly valuable labours of Mr. Etheridge in this direction, on the Jurassic

Fauna and Flora, I am happy to say are only waiting for the printer. There are Societies in

London who would do themselves great honour by undertaking their publication.

The Thesaurus Siluricus deals principally with the external circumstances of the Mollusca, and

is in the form of a Table. The different subjects are taken alphabetically. After registering a

genus of the Order under consideration, with its author, and the date of its establishment, the

species, few or many, are successively named and treated under four or more heads, along one

and the same ruled line. First comes the subdivision of the stage in which it occurs
; then, in a

given order, its author, and locality, in the column indicative of its proper stage. Immediately at

the commencement of this Table is placed the stratigraphy of the principal countries concerned,

together with an explanation of the abbreviations used in the Table.

From this seemingly unattractive catalogue of existences the reader has it in his power to people
a multitude of localities and horizons with groups of life as picturesque, and as full of movement, as

those which Charles Darwin found in the Straits of Magellan : such groups or communities are

plentiful in the palaeozoic strata of New York, Wales, Bohemia, &c.

Besides the use of the ' Thesaurus '
for reference in the closet and the quarry, it furnishes a vast

body of facts leading to generalizations in vital statistics
;

it provides a high station from which

the student may descry the Silurian populations of the whole earth, as far as they are now known.
It assists in tracing the extent, shape, and varying depths of basins. By its aid we compare remote

horizons, detect regional affinities and differences, and, moreover, we note the curious changes of many
kinds which take place while the epoch is passing through its succession of ages. It will place
under examination numberless communities of life, their constituents, wants, habits, migrations,

duration, and extinction. The attention of the student is particularly directed to the geographical
summaries of life appended to some of the orders.

The " Thesaurus "
contains 8997 species, and therefore is an ample field of study ; but it

probably does not tell us of one tenth part of the Silurian life still lying buried in Arctic, Subarctic,
and Southern America, in Northern Europe, Australia, India, and many other regions. What a

splendid promise to the future explorer !



FACTS AND OBSEBVATIONS,
Having deemed the completeness and accuracy of the ' Thesaurus '

itself to be beyond all com-

parison my principal duty, and having found this to be a labour, however agreeable, not a little

protracted, it has become impossible in the following pages to present more than a simple analysis
of a few Silurian orders, and some of the more obvious facts and inferences to be derived from the

body of the work. Those, it is trusted, have their interest, and will invite a broader, more leisurely,

and more able study than is in my power to bestow. The subjects will fall under the following

heads :

1. The Gasteropoda.
2. Trilobita.

3. Echinodermata &c.

4. The Primordial Stage.
5. The Bohemian Area.

6. Universality.

7. Locality.

8. First appearance.

9. Duration or longevity, and extinction.

10. Migration.
11. Recurrence.

12. Divergence.

Before proceeding to treat on these subjects, it is encouraging to contemplate the progress of

Silurian Palaeontology during the last twelve years, as shown in Table A.

TABLE A.

Silurian Life.
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A certain number of these species are repeated in more than one country ; but the "
repeats

"

cannot be removed without more time than is at my command. These numbers, therefore, sometimes

represent appearances *, as denned. Incomparably the larger number of species appear, respec-

tively, only in one area ; nevertheless exceptions are common. Here are a few.

Murchisonia bellicincta .

Pleurotomaria umbilicata

Murchisonia bicincta . ;

gracilis . .

perangulata
tricarinata .

Platychisma helicites .

Countries.

. 10

. 8

. 6

. 5

. 5

. 5

5

Countries.

Euomphalus alatus ...... 5

funatus 5

Holopella obsoleta 5

Cyclonema bilix 4

trimarginatus ... 4

Murchisonia articulata . 4

But going back to genera, Table B (below) shows that the eight following genera have the

widest and most complete range ; and it is great. The reason may be that the Gasteropoda are not

nice in their food, that they can exist on several kinds of sediments, and frequent the moderate

depth which allows of the freest travel.

TABLE B.

Genera.
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TABLE C. Progress in British Gasteropoda.

IX

Primordial.
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That the very earliest phase of this epoch should contain so large a body of Gasteropoda

implies a large amount of maturity in the conditions of the time, as well as of adaptation of organic

structure. We also find them even then associated with Cephalopoda of high rank, such as Clymenia
and Orthoceratites

; while the Gasteropoda maintain themselves vigorously, with organs of great

power. We must, perforce, be greatly struck by this outburst of new and complex forms of life

after an apparently long arrest of creative energy. (See p. xx, on the Primordial Stage.)

Nearly all of these many Primordial Gasteropoda are natives of North America, the exceptions

being only five, i. e. Ophileta compacta and Euomphalus matutinus in N.W. Scotland, Acroculia

Cantabrica, A. sp. ind. of Spain, and Helicotoma Anglica from South Wales. Bohemia has not

a single Primordial Gasteropod, remarkably numerous though they be higher up. Only two small

genera stop within the Primordial beds ; most of the others pass, in the form of new species, freely

up to the summit of the epoch.
The Table E, subjoined, shows the comparative numbers with which the species of this class

people the sediments of the Silurian epoch.

TABLE E.
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much in accordance with the size of the country as with the original impress of the Creator and with

the nature of the strata. We already have materials from almost all parts of the Silurian scale of

rocks to show, with some force (M. Barrande), that life began earlier and more abundantly in the

valleys of the St. Lawrence and Mississippi than in Europe. Thus the Primordial Trilobites of

these valleys comprehend 208 species, in 40 genera, and very much assembled in two broad quasi-

foci, Wisconsin being one, and parts of Lower Canada the other. In Sweden there are in this

stage 56 species, in 18 genera ;
in Great Britain and Ireland, 33 species, in 11 genera ;

in Bohemia,
28 species, in 8 genera ; space has little to do here.

The influence of the Primordial stage on molluscan life, the abundance and typical forms of its

species, cannot well be over-estimated and reflected upon.

The dates of the appearance and disappearance of all the Silurian Trilobites, together with

their facies stage by stage, their increment and decrement, should now follow
;
but as this is not a

monograph, and is intended to be an invitation to labour rather than a completed task, all mention

of them will be omitted. For Prague and its environs this has been done admirably.

The number of species now known and registered is 1677, and their appearances in the several

regions are 2169, the former being rather less than four-fifths of the latter. The difference (492

appearances) becomes the measure of their dispersion; and it is less than that of most of the

molluscan orders of this period.

Very unexpectedly the species of this order in North America are much fewer than in Europe,

being only about one-third of the whole. This may, by possibility, arise from the prevalence of

sandstone over limestone in North America. In New York State the limestones are only 600 feet

thick, but the sandstones are 3000 feet thick
;
and there is little reason to think things are different

in other parts of that continent. In both cases neither the superficial areas nor the research

bestowed upon them differ much.

The geographical summary here subjoined gives the number of species of Trilobites found in

each of the forty-eight districts, as far as is known. To most of the areas interesting details are

attached, which are to be found in the ' Thesaurus ' and elsewhere.

The totals of species and appearances in America and Europe are inserted separately.

TABLE F. TRILOBITA (Geographical Summary).

AMERICA.
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We know 57 American genera ;
of these 16 belong exclusively to that hemisphere ; while the

European genera are 118, 69 of these being never seen out of that quarter of the globe. Some

genera have many species, more abundantly than the Echinodermata, but much less so than the

Gasteropoda, and still less than the Cephalopoda. Phacops has 96 species, Illcenus 92, Asaphus

90, Lichas 79, Cheirurus 77, &c. Thirty-one genera have each only one species ; and they never

leave their native area, save in one instance (Polyeres, Bohemia, France) .

Forty-one genera are only seen in one country or area respectively, although each may have

three, four, or six species, their associated genera meanwhile spreading far and wide. A curious

example of wide diffusion we have in the genus Cromus, which has been met with in Bohemia, the

Arctic seas of America, and in Belgium.
The largest genera have been subject to the widest dispersion. Thus Dalmania is seen in

twenty-one separate regions, Lichas in twenty-four, Phacops in twenty-five, Cheirurus in twenty-

six, Illcenus in twenty-eight, and Calymene in twenty-nine. Isotelus with seven species occupies

fourteen countries*.

It is to be feared that no general conclusions can be made from these facts until we know more

of the physiological conditions of these animals. Some rich genera are very local, such as Cyrto-

metopus, Bathyurus, Dikelocephalus, Dionide. The sixty-one species of Proetus are each typical

of one area, except Proetus concinnus, P. latifrons, P. Stokesii. Only three of the Primordial genus

Conocoryphe are in two countries : C. coronata, Spain and Bohemia ; C. depressa, Wales and Texas

(U. S. A) ; C. minuta, New York and Wisconsin. Twenty of the species belonging to this genus
are in Wisconsin, eleven in Wales, and the rest are scattered. The species of Bronteus are prin-

cipally massed within the Bohemian basin (forty-three out of fifty-six), three being typical of one

country only.

The same species may inhabit many regions. Encrinurus punctatus is in eight, and is in two

quarters of the globe. Dysplanus centrotus is in six countries, Bumastus Barriensis in ten, while

Calymene Blumenbachii and C. senaria are each in seventeen.

Instances of great migration from east to west, and from west to east are many, and about

equal in number
;
but the particulars about the time-stages have not yet been fully ascertained.

Other directions are not uncommon.

Calymene Blumenbachii is only seen in the Trenton limestone, in America ; but in Europe it

reappears in the Wenlock of Wales. Encrinurus segmentatus is in the Hudson-River group of the

Island of Anticosti, to revive in the Wenlock of Dudley &c. Many such examples are at hand.

This may be called recurrence by migration.
Recurrence among Trilobites is rather weak, seven per cent, in species, computing from the

sum of all at present known ; that is, 115 recurrents out of 1677 species. The largest genera have
the most recurrent species. They are Acidaspis, Cheirurus, Lichas, Phacops, Proteus. The

majority of the smaller genera have either only one or none ; but some of even the most prolific have

none, such as Ogygia, Amphion, Megalaspis, Remopleurides. The same species in these four genera
* The following are some examples of genera with few species, yet seen in several countries :

Sp. Cos.

Pharostoma 4 5

Plesiocoma 2 3

Polyerea 1 2

Polytomurus 1 2

Sp. Cos.

Rhodope 3 3

Triarthus , 5 6

Sp. Cos.

Actinopeltis 3 7

Basilicus 4 7

Dysplanus 3 6 I Bumastus 6 12
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never leaves its native level. The genera possessing recurrent species are placed in the foot-note *.

They are taken from the ' Thesaurus '.

Out of 224 species of Trilobites in Great Britain and Ireland, as known in 1867, thirty-two
exhibit some amount of vertical range, or about 14 per cent. ; but two-thirds of these recurrents

occupy contiguous stages, and so may only occupy transition-beds. They may all be found in
1

Siluria/ 4th edition, pp. 514 &c.

As my own later-collected materials for ascertaining the relations of Trilobites to their sedi-

ments are not yet ready for use, I have formed, from what was known in 1858, the following
Table. As the organic material of this Table was taken from '

Siluria/ 3rd edition, and as its

sediments have passed under the eye of Mr. J. W. Salter, it may be supposed that considerable

accuracy has been attained.

The sediments are arranged under eleven heads, which is being as minute, and at the same
time as comprehensive, as is required.

TABLE G. Trilobites (British) appearances and their sediments (1858).

Genera.
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We learn from this Table that, of the whole 293 appearances (1858) of this order in the British

Isles, 167 took place in highly calcareous strata, 63 where lime was in smaller quantity, and 63

where that earth was entirely absent. Clay and sand being almost always in considerable propor-

tions, we deduce that Trilobites lived in seas of moderate, and even shallow depths, seeing that they

are also in pure siliceous sand and grit.

Calcareous strata, then, are the richest in Trilobite life, and especially calcareo-argillaceous shale

(fifty-four species), pure or nearly pure limestone being very poor. Argillaceous limestone contains

twenty-two genera and forty-eight species.

Certain genera, Asaphus, Encrinurus, and Trinucleus, occupy nine, ten, eleven beds; but

eight have each only one bed, the average in thirty-one other genera being four.

Acidaspis with thirteen species inhabits six, and Encrinurus with five species is in ten beds
;

so

that the number of beds inhabited mainly depends on the peculiar structure of the genus itself.

The simpler this is, perhaps the easier the Crustacean conforms to new conditions
; yet Trinucleus,

so elegant in form and so charged with ornament, is in all the eleven beds.

The comparative organic rank of these genera, a most interesting study, has yet to be worked

out.

The plan and object of these pages renders it necessary to omit all notice of eight orders,

Amorphozoa, Coelenterata, Polyzoa, &c. They all, however, present points of interest which are

indispensable to a proper exhibition of Silurian life.

A rapid sketch, not the results of a leisurely study, of some leading particulars of three orders,

Cephalopoda, Brachiopoda, and Echinodermata, will now follow.

CEPHALOPODA. It is impossible to think on the subject of the Palaeozoic Cephalopoda without

expressing, with Sir Charles Lyell and all geologists, the greatest thankfulness, mixed with astonish-

ment, for the three splendid quarto volumes, recently issued by M. Barrande on this order, an
order of beings often gigantic, always formidable, and in numbers, form, habits, and powers well

worthy of our closest attention. For accuracy of description, as I judge, for sound palaeontology,
and for almost incredible diligence, there is nothing in geological bibliography at all comparable with
these single-handed labours of M. Barrande. We need merely call attention to the exquisite

plates, representing many hundred species and varieties.

It is delightful to observe that, during nearly forty years of exile, the master and friend of
M. Barrande still continues to Mm his patronage. These and other volumes of equally exalted
merit are gifts to his age worthy of a king.

This order contains thirty-one genera and three subgenera in 1419 species (see Geographical
Summary, p. 191) . In Europe these make 1284 appearances, and in North America 442 appear-
ances. The number of species in each hemisphere has not yet been obtained ; but in Europe the
number of species and appearances differs little. The summary just referred to supplies such details

as are now known
; and they are many and curious. The irregularities in distribution there remarked

are partly due to the different degrees of attention paid to the several districts ; but in certain of these
the Cephalopoda are really few : it is presumed that their office is performed by other orders.

The Cephalopoda are apparently universal. Every known Silurian district has its representa-
tiveArctic America, Tasmania, India, Franconia, Russia, Ireland, &c. The following countries

possess the greatest number : Bohemia (minute in size) has 826 species \ New York and Canada
(1200 miles by 400) 242 appearances-, Britain with Ireland 77 species (168 appearances) ; Russia
130 species (mostly) ; Wisconsin (U. S. A.) 50 species.

Fourteen genera are not seen in America, and four are not in Europe. These are all feeble in

species five of the American genera only containing one ; but we must except the important
Bohemian genera, Clymenia (6 sp.) and Goniatites (17).

The genera confined to America have fourteen species; so that the oneness of the two hemi-

spheres in this order is almost perfect. Twenty-eight species of Bohemian Cephalopoda exist in
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other countries. They make seventeen appearances in Great Britain, six in France, five in Russia,
and four in North America, several other appearances being scattered singly here and there.

The very beautiful genus Actinoceras is widely distributed; it is in eleven great American

districts, and in seven European.

Cyrtoceras is in twenty-two countries. Speaking of Europe and North America, it is in eleven

each. In Bohemia it is surprisingly numerous.

The Discosurus of Lake Huron, the State of New York, and Prince Rupert's Land is exclu-

sively American. It is remarkable for the flat, nummulite-like form of its septa, and their very

rapid diminution in size.

The seventeen species of Goniatites only exist in Bohemia. None of them are in passage-
beds

;
live of them are in fauna F, the others are in G.

The genus Lituites is seen in twenty-three countries, thirteen being European.
A Nautilus (sp. involvens) has a singularly wide dispersion. It is found in Niti of the

Himalayas (India), in the valleys of the Mississippi and the St. Lawrence, in Newfoundland,

Bohemia, Russia.

The Orthoceratites are found in thirty-nine great countries, in 708 species, 304 of these being
in the little area of Bohemia, a circumstance most extraordinary, but perhaps being partly capable
of explanation by the probable increase there of the plutonic heat at the time, as well as by the

favourable nature of the sediments.

The simplest form in this order is that of Piloceras, Salter ;
and it is found associated with the

genera Cyrtoceras, Lituites, Nautilus, Orthoceras in Newfoundland, the Mingan Isles (G. St. Law-

rence), and Canada. It also forms part of the Primordial community, composed of American

species, settled on the north-west extremity of Scotland.

That there should be in these Primordial times animals of such a high rank as these, suggests,
with no small urgency, the probability of their being the remains of a large and lost fauna.

The abundance of these large and voracious sea-creatures implies an abundance of prey, a sea

full of life, now out of our observation.

They are usually found buried in many deposits. Of this a tolerably accurate idea may be

formed from the following Table, made out from Quart. Journ. Geol. Soc. Lond. xv. p. 334. It

may be allowed to speak for other countries, as well as for other Orthoceratites, besides those

already inserted.

TABLE II. The sediments in which seven British genera are found.
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Some information on the recurrency of this order may be had in the great Table on the subject

in page 191.

BRACHIOPODA. There has been placed on page 126* a summary of the geographical distribution

of the Silurian Brachiopoda. It tells us that North America has yielded 1121 specific appearances,

and that Europe &c. has given 1672, a much larger number. Twenty-seven genera of this order are

common to the two worlds; eight are exclusively American, and fourteen are European. With

respect to the comparative numbers of species, the Table in page 126 is approximately correct, and it

enters into curious details on the species common to several widely separated countries.

Almost all the genera are scattered freely; the richer, of course, very widely. It is interesting

in no ordinary degree to run the eye along the Table (p. 126*) from West to East, from Bolivia

(S. A.), or Rupert's Land in the north, through forty-one Silurian areas, and see that even now

there is an almost unbroken line of Orthides girdling the globe
a

. Other genera present a like

continuous belt of species passing from land to land round the world : we refer to Atrypa, Discina,

Lingula, Pentamerus, Rhynchonella, Spirifera, Strophomena. It is almost certain that the other

genera have a similarly wide range (Chonetes, Obolus, &c). The gaps are fast filling up.

The Table (I) subjoined is intended to show the vertical distribution of the Brachiopodal species.

If this order can be said to be very characteristic of the Silurian epoch, it is from the some-

what equable manner in which the species are diffused over its four stages, especially those of the

larger genera. Eight rich genera appear in every stage, sometimes increasing in numbers from

below (Athyris, Atrypa, Rhynchonella, Spirifera, &c.), while others rather decrease, as Lingula,

Orthis.

TABLE I, showing the Vertical Distribution of the Silurian Brachiopoda (species).

Genera.
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Like all other Mollusca, these 1658 species did not inhabit the Silurian sea at once, but at

distinct times, and separately, in consecutive communities. It is only as genera that this order

permeates all stages.

We shall see, when speaking on this subject, that these populations were renewed at very short

intervals, a few survivors being permitted to escape upwards, in ways to be afterwards mentioned.

In Table I is visible at a glance the opulence and .poverty, more or less, of the different stages.

We see that the Brachiopoda had a vertical (by strata) maximum and minimum these

seemingly capricious fluctuations in quantity being caused by conditions acting upon a tender

structure, often incapable of undergoing modification.

One genus arrives at its maximum in the Primordial, ten in the Lower Stage, none in the Middle

Stage, and seventeen in the Upper. The Middle Stage is more abundant in this order perhaps than

in any other.

The seven richest genera (Disclna, Lingula, Orthis, &c.) begin in the Primordial, and push
their representatives into the uppermost beds of the period.

Fourteen genera, all feeble, except Athyris and Spirifer, are first seen in the Lower Stage, only
one in the Middle, and seven weak genera in the Upper.

Three Primordial genera never pass the limits of their native stage. Three other genera belong
to the Lower Stage alone.

The Primordial Stage, the Table informs us, has 126 species of Brachiopoda, in fourteen genera
an unexpectedly large supply of food for the carnivorous animals that prevail in this stage.

The elder Primordial has eleven genera, all, save one (Lingulepis) , crossing the boundary into

the stages above. The upper division of this part of the column has six, which do the same.

The number of Orthides (thirty-three species) in the Primordial stage is remarkably large.

That there should be twenty-four species of Lingula we were better prepared for.

That a Nucleospira (Hall) should be met with in the Primordial is new, but the authority on

which the fact rests is too good to allow of its being rejected.

M. de Koninck, in his Memoir on the genus Chonetes, only enumerates two Silurian species.

There are now thirty-one in the ' Thesaurus/ i

There is some little recurrent movement in the two divisions of this Primordial Stage ; but their

organic connexion is slight, being kept up by, at most, two or three species in common. The same

species is often found in several beds of the Quebec group ;
but few pass the limits of the true

Primordial.

The mixed effects on the number of appearances from horizontal and vertical range are very

considerable, but there has not been time to disentangle them. The appearances exceed the species,

each genus having its own proportion. In some few there is equality, or an approach to it.

TABLE I. Proportion of Appearances to Species.

Appearances.
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ECHINODERMATA. The following little Table represents, numerically, the geographical distribu-

tion of the three forms of the class Echinodermata. It is short, but contains much matter.

TABLE K. Class Echinodermata (Geographical Summary) .

AMERICA.
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with its nine species. It is confined to Decatur County, Tennessee *. On the other hand, although
the species of a genus may be few, they may, contrary to rule, be widely scattered. In this way
the three species of Scyphocrinus are found in New York, Sardinia, and Sweden.

Crinoidal species are very local, with a few exceptions. Thus the single species Marsupio-
crinus ccelatus lived in the Silurian seas of England, New York, and Tennessee. Calliocrinus,

Crotalocrinus, &c. present similar facts.

In this order zoological connexion between areas is chiefly maintained by genera. Twenty-one
genera are common to the western and eastern hemispheres a fact of weight; thirty-five are

exclusively American
; and twenty-three are European.

Two hundred and forty-five species are North-American, and one hundred and fifty-eight are

European, which reverses the usual proportion of fossil life in these two great divisions of the earth.

Recurrence is rare among Crinoidea. I only know of twelve instances, six of which are given
in the footnote f- Many of them are in coterminous beds.

Cystidea. The Tables K and L, just referred to, contain much information respecting this

beautiful and curious order. It consists of 32 genera and 136 species. Until within the last thirty

years little was known about it. Since then this order has been illustrated in an admirable manner

by Von Buch, Forbes, and Billings.

Its genera Palaocystites, Protocystites, Trochocystites are found in Primordial strata at

Phillipsburg (Canada East), at the head of Lake Champlain, at Montreal?, in the Mingan Isles

(Gulf of St. Lawrence), in South Wales, in Spain, and Bohemia. It abounds in the Trenton

Limestone of America, in the Caradoc beds of Britain generically and specifically, passes freely into

Upper Silurian, and then into a Devonian Limestone.

In both hemispheres the Cystidea have the same two headquarters as the Crinoidea; but

America exhibits fewer species than Europe. Edward Forbes, by way of directing particular atten-

tion to these gatherings, calls them polarizations.

The Cystidean genera are rather more prolific than the Crinoidea ; but eight have each only one

species, even after a close inquiry for them. The geographic range of species is less also. Out of

thirty-three countries inhabited by Crinoids, in only twenty have Cystidea been observed.

The proportion of appearances in different lands to species is as six to five.

Here again, the genus Holocystites, with its seven species, never leaves Wisconsin, with the

exception of H. sphcericus, which we have at Chicago (Illinois), a bordering state.

Nine genera are common to Europe and America, ten being exclusively American, and eleven

exclusively European. At present Cystidea have not been brought from India or Australia.

Apiocystites Huronensis affords the only known instance of vertical range in this order
; and it

is short and doubtful.

Asteridea. This order contains fourteen genera and sixty-one species, or four to a genus;
while in Brachiopoda it is thirty species to a genus, in Cephalopoda thirty-three. Palaaster

contains fourteen species as the richest genus, Edrioaster and Palcechinus having each one only.
This order is only seen in nineteen Silurian areas.

Europe and North America have five genera in common
; five others are the sole property of

America, and four of Europe.
In America we find, again, the chief abode of the Asteridea to be around the City of Ottawa

(Canada West) and in North-west New York State (twenty-one out of thirty-three species) . Else-

where the species are scattered singly or in pairs, in Indiana, Ohio, Illinois, Canada, Newfoundland.

* Genera and species may seem far apart geographically, when in reality they are close together, as on the oppo-
site sides of a boundary river, the St. Lawrence or the Mississippi. Thus two species of Stephanocrinus are on the

same sheet of rock, but are catalogued as in two separate countries.

t Ctenocrinm typus, Cyathocrinus exilis, Melocrinites Icevis, Pleta, Corall. Lst.
; Dictyocrinus squamifer, H. R. G.,

L. H. G.
; Glyptocrimis decadactylus, Primordial (Geinitz), H. R. G., CL.

;
Periechomnus moniliformis, Llandov., W.L.
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In Europe, the British Islands contain twenty-seven out of thirty-three species ;
of the six not

found there, five are in North-west Europe, and another is French.

This order is but small
; this, however, is not for want of due search, for their size and beauty

render them attractive to collectors.

THE PRIMORDIAL STAGE. Waiting for the results of the investigations now taking place in

Canada as to the exact relations of the Quebec Group with the Primordial Stage, it will be better

not to dwell long on this part of the Silurian epoch, especially as the present ideas on these rela-

tions do not give entire content. The very name has ceased to be appropriate.
The ' Thesaurus '

amply manifests the great extent, or even the universality, of the numerous

correspondences and the organic riches of the Primordial of BarrandC) the Taconic stage of Prof.

Emmons. It is indissolubly Silurian by almost every possible tie by facies, materials, strati-

graphy, and organic contents, according to De Verneuil, Hall, Murchison, Logan, Billings, &c.

The mineral characters of this stage are exceedingly diversified, and indicate the complicated
nature of the processes then in full operation. It presents the alum-slates of Sweden, the soft blue

clays of Russia, the clayey schists and conglomerates of Bohemia, the arenaceous and metamor-

phosed schists of Britain, the displaced schists, limestones, and conglomerates of Quebec, the soft

calcareous sandstones of Central North America, among other varieties of composition and of

stratigraphy.

The Primordial Stage did not start forth, Pallas-like, at once, in full maturity. The quantity,

variety, and high rank of its fauna shut us up from any other conclusion than that it is only part,
and a rich part, of an already established flora and fauna, lying undetected at present, and perhaps
for ever, but which may be any day discovered in some of the many countries not yet examined.
The Eozoon of Canada &c. belongs to an anterior and unconformable deposit.

Excepting the four orders Echinodermata, Coelenterata, Monomyaria, and Dimyaria, all the

others are in great force, those of high organization in particular. Crustaceans of very large size

were numerous in Canada, and seem to have overspread large districts with their coprolites.

TABLE M. Primordial Life, as known in 1868.

Orders.
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ceras nor any other Cephalopod appeared until near the end of this Stage D
; while in America

this order abounded in the Upper Primordial, and consisted of genera of every variety of rank

Piloceras, Lituites, Orthoceras, and Nautilus, the last genus being still an inhabitant of our seas.

Gasteropoda are exceedingly numerous in America during this stage, and as remarkably few

in Europe.
The Trilobites are nearly equal in number of species east and west of the Atlantic ; but the

geographical summaries exhibit many striking differences. The American Primordial has no dEglina,

Ogygia, &c., but has three Remopleurida ,
so abundant in Ireland and thus helping to connect

the western part of Ireland with the Silurian lands beyond the sea. It is to be remembered

that the great abundance of life in the Primordial of America need have no connexion with

priority, of existence, but may have arisen from a longer duration, from a more fertile epochal

impress, and from the much more extensive area of the western Primordial. During part of the

time the two great geographic divisions of this stage were coexistent.

The Table (N) subjoined conveys only a provisional statement of the Primordial life of

America, but it is believed to be sufficiently accurate for general use.

TABLE N. The Flora and Fauna of the Primordial Stage of North-east America ; principally the

River Ottawa, Lower Canada, the Mingan Isles, Western Newfoundland, and North-east

New York (not the Mississippi Valley).



XX11 >ACTS AND OBSERVATIONS.

Phillipsburg (Lake Champlain), belong to its base, because its arenaceous beds very soon change

upwards into a compact mass of crushed Crinoids, Cephalopoda, &c. (143 species), all quite new,
and therefore the product of new conditions.

Wholly independent of the Quebec group, the Chazy beds spread over vast tracts on the

Ottawa, the Upper St. Lawrence, and the Mississippi valleys, and lie conformably upon Calciferous

sandstone. It is extremely difficult to separate them. In other words, in America there seems to

be no sharp line dividing the Primordial from the beds above it a condition of things, of course,

affecting their upper zoological limits. As far as is now known, this line is rarely transgressed in

Europe by Silurian life *.

Many of the Chazy mollusca are really of the Calciferous age, and go no farther than the

Chazy, while many which first show in this last bed freely mount up into the higher, strata,

Trenton, &c.

The mineral character of the Chazy beds is unsteady in its best exposures, as seen in the Gulf

of St. Lawrence, the Mississippi valley, &c. It may consist of various sandstones, brown shale,

and of dolomitic and argillaceous limestone. On the River Ottawa it is a sandstone fifty feet thick,

resting, conformably, on a few feet of grey limestone (Calciferous sandstone).

The presence in some localities of the Chazy layers is indicated by the disappearance of all

the Trilobita, except two species of Asaphus.
Great interest attaches to the Quebec group on account of its zoological contents, its doubtful

stratal position, the displacements it has suffered, and the controversies it has occasioned.

It is clearly on or near the horizon of the Calciferous sandstone, and some of the lower layers

of the Chazy rocks.

The fauna of the Quebec group is very peculiar ;
it embraces 332 species at Quebec and in

West Newfoundland the life, however, of these two districts being very different specifically,

although for 1677 feet (Divisions N, O, P) the same words would describe the strata of both (300

miles apart) .

Its numerous forms of life are almost all of very high organic rank, such as Cephalopoda,

Gasteropoda, Trilobita, &c. (see Table N).

Although there are forty-four Polyzoa well known in the Quebec group (several of them also

met with in Australia and England), there are only two Crelenterata upon our present list. All

these fossils are in great numbers individually as well as specifically, with the exception just named.

Our acquaintance with the recurrents of this stage is as yet imperfect. Those which move

from bed to bed within the Primordial stage are numerous, and their range is great ; but of those

which escape upwards into the Black-River or Trenton group of North-east America, into the stage

D of Bohemia, or the Upper Llandeilo of Britain, the number is small, and perhaps doubtful.

Table O exhibits this flora and fauna under a general aspect, and arranged as they occur in

Lower or Upper Primordial. To these are attached corresponding horizons, in whose columns the

recurrents are enumerated, their names being placed alongside. They are fourteen in number. Since

they are vouched for by the best and most recent authorities, it is not easy to give a reason for

their rejection. The transition which is effected at Hof in Bavaria, as recently announced by M.
Barrande in a letter to myself, by means of Trilobita and Brachiopoda, is strongly in favour of a

far closer connexion between the Primordial and the higher stages than hitherto entertained.
' As

recurrence is active within the Primordial mass, it will probably be found, after a time, to exist

about its upper limits. We may be on the eve of receiving further evidence, enabling us to

estimate more accurately the distinction between Cambrian and Silurian stages.

These facts are taken from the 'Thesaurus ;' but this very interesting portion of it is the gift

of Barrande, Emmons, Hall, Logan, Billings, and is the fruit of their summer toil and winter

studies.

*
According to the late determinations of M. Barrande, this transgression takes place, to some extent, at Ilof in

Bavaria.
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TABLE O. The Primordial Flora and Fauna and their Recurrents (1868).

Kingdom and Orders.
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singular interest, and to bring within our view much that is new in the history of Silurian species,

their time of appearance, duration, classification, &c.

The Silurian beds near Prague enjoy a zoological opulence surpassing all previous experience,

taking into consideration their very small extent, which bears no kind of comparison with the size

of other basins.

"Within an oval space (mostly on the west of this city) fifty miles long by twenty-five broad,

2800 species of marine remains have been collected, and 2093 have been described by M. Barrande.

Of course, individuals are in millions incalculable. Four-fifths of this fauna are furnished by
the four orders Cephalopoda, Trilobita, Brachiopoda, and Gasteropoda, and chiefly in the small

parishes of Lochkov, Kozorz, Butowitz, Konieprus, and Mnienian.

Further, the conditions of this Silurian area are in discrepancy with some of our established

notions. It is a close basin with an immense variety of life a basin with very small foreign

interchange. During a short time its gates were opened thrice, and then closed almost totally, and

for ever. It abounds, except in its Primordial beds, with powerful Carnivora, the lower forms being

very scarce, while its higher strata (H. h. 1) give out two land plants, unhesitatingly pronounced to

be such by M. Barrande. The area has been frequently overflowed by thick and by thin sheets of

trap and porphyries, from what sources I know not, but without a single marked boss or upheaval
of any kind.

This whole Silurian district is 100 miles by 44 in its greatest dimensions, and is a long oval ;

perhaps a third of the size of Wales.

The accompanying Sketch Map represents about one half of the area, and that which is richest

in fossils.

Easy access is obtained to good sections by means of quarries, ravines, and watercourses.

The strata repose in synclinal conformableness, zone upon zone, except in a few cases of local

derangements, and an occasional change of dip. At the bottom of this succession are M. Barrande' s

stages A and B, wholly azoic, principally schists, abutting directly on granite and gneiss. These

same schists, as they ascend, at length betray Primordial life, and are then distinguished by the

letter C. They are 900 to 1200 feet thick, thin and close-packed on the south-east, but much

separated on the north-west by intercalated porphyries and conglomerates.
The next stage upwards is that of D (56 miles by 9 to 12 miles) . In its lower half it is made

up of alternating schists, quartzites, and conglomerates, followed above by very thick beds of

coloured schists. This stage has been subdivided thus : 1. At the base, schists with conglomerates.
2. The quartzite band of Mount Drabow, with conglomerates both together forming half of the

whole stage. 3. Black foliated schists. 4. Very micaceous schists. 5. Yellowish-grey schists,

supporting the trappose base of stage E next succeeding. These schists, 3, 4, 5, are 3000 feet

thick. Stages C and D contain no limestone.

In this stage D, in d. 3, 4, 5, are the celebrated colonies, twenty in number (M. Barrande, MS.),

lying along a certain zone. Eight have been described (see sketch) . They consist of traps inter-

leaved with graptolite schists, holding calcareous concretions, pretty full of organic remains. The

presence of these colonies indicates a general but slight disturbance, of which few other signs
remain. A great peculiarity in their life is that they are precedent (prophetic of) and not posterior,

as recurrents, to the great normal fauna about to appear.
The stage E (Upper-Silurian) is based upon broken sheets of trap, alternating with graptolite

schists. These traps form a true girdle, about 300 feet thick, to the upper stages E, F, G, and H,
which correspond in great measure with the Upper Silurian of England and other parts of the

world. The stage E, with its trappose base, consists of argillo-calcareous nodules long, flattened

spheroids, imbedded in argillaceous schists, which (nodules), the te*p 'disappearing in the ascent,

gradually coalesce into compact fetid limestone. The whole stage is 450 to 900 feet thick.

M. Barrande has separated this stage into two parts, E. e. ] and E. e. 2, both of them

singularly abundant in marine life.
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The stage F is also in two parts, F. f. 1 and f. 2. It consists of pale and dark-tinted lime-

stone, neither concretionary nor fetid, but with much chert, either disseminated or in kidneys.

Organic remains become much fewer here, with the exception of Brachiopoda, which are numerous.

The stage G is 1000 feet thick, and in three divisions. It is composed of argillaceous lime-

stone in thick beds and with chert (as in stage F), with calcareous lumps lying in clay schists,

which last, increasing in quantity, gradually excludes the calcareous element, and ends in stage H.

The stage H is 850 feet in average thickness, and is in three parts. This highest stage is

principally clay schist, grey, green, black, alternating with beds of impure quartzite. The tran-

sitions from part to part and from stage to stage are very always gradual.

The Silurian population about Prague is unique; no other country can show anything

resembling it. . So great is the buried multitude, that this vicinity might be supposed to be the

common sepulchre of marine life for a thousand miles round
; but it is not so, most of the species

are at home, they are indigenous : one-tenth may be strangers ; and some of these are in the

colonies, and appear to have come from opposite quarters, i. e. from the north-east and south-west,

and at different times. The most crowded parishes, according to our present information, are

those of Lochkov and Kozorz. They are neighbours, and may extend over the space of four to six

square miles. Of course the strata are only exposed to view in patches, so that we have no access to

many of the contained organic remains.

Within about ten miles from the city of Prague, very nearly the whole series of beds belonging to

the Silurian epoch are, at one place or other, largely and clearly brought into view, some few

being removed from the top of stage H. In many parishes, such as Hlubocep, Konieprus, Dvoretz,

&c., the several stages are seen in their proper stratigraphical relations, while in most other

countries hundreds of miles must be traversed in order to see such a succession of fine exposures.

The following lines give a numerical abstract of all the Bohemian life, as at present determined,

with sufficient accuracy.

Plantse ....
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trace them to their several birthplaces, and so to point out the relations they establish between

Bohemia and those birthplaces *.

It is an accepted truth that the earliest bed in which any form of life is found is its birth-

place (a word convenient and short), although an occasional correction may become necessary.

Thus, until better taught, we take a fossil of any of the Bohemian faunae E, F, G, H, to have

first existed in Wales, if we find it there in Llandeilo or Caradoc and nowhere else, unless actually

seen. We know how a change of residence can be effected.

Bohemia has vital relations of this kind with many countries, but none so remarkable as those

lying on the edge of the Atlantic, or on the Mediterranean. With these and with the other areas it

is connected by means of mollusks which are known only in the two areas concerned (save the uni-

versals) a fact which gives precision and speciality to the connexion. We will enter into the

following particulars 1

Amorphozoa. Of the five species of Stromatopora in Bohemia, only one occurs elsewhere ;
and

that is in Lake Huron, in the Hudson-River group, while the Bohemian species is Upper-Silurian

(E. e. 2). Its birthplace seems to have been in the distant West. The Ischadites Kcenigii is in

Shropshire in Llandeilo as well as in Upper Silurian; in Bohemia it is in E. e. 2, and is not a

native.

Ccelenterata. Adding the Crelenterata lately received from M. Barrande to those already in

hand, we at present only know of twenty species in Bohemia ; of these, twelve are foreign and eight

native. Of the foreign, three are everywhere (in Bohemia &c.) on the same horizon, and nine vary

in this respect, eight being in the Llandeilo and Caradoc beds of Britain, and one Lower-Silurian

both in Canada and Esthonia the whole of them being Upper-Silurian in Bohemia, where they are

therefore strangers. The native Bohemians are all of the upper zones. The particulars of these

statements are easily found in the ' Thesaurus.'

Ofthe seventeen species of Bohemian Echinoderms which, through the kindness of M. Barrande,

are found in the '

Thesaurus/ all, excepting two, belong to the earlier part of the Lower Silurian

stage ; for this reason, as well as because they are nowhere seen in any other stage, these Crinoids

are probably natives. We cannot at present determine the place of first appearance in the cases of

*
It is easy to see that several useful inferences might flow from the facts, gathered into a series of tables, of

which the imaginary one subjoined might be the first (it gives the native and foreign species of all the orders, for the

whole area concerned, France, Britain, Canada, &c.
;
other Tables might do the same for the separate stages ; others,

again, might show the zoological relations of area with area, American, Australian, European : a very little zeal

might here open a wide door) :

A Form of Table exhibiting the Native and Foreign Fauna of certain Silurian Districts.

Orders.
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Trochocystites Bohemicus in the Primordial of Bohemia and Spain, and of Scyphocrinites elegans in

the Upper Silurian of Sweden and Bohemia.

Of the seven species of Annelida (Bohemian) seen in other basins, two belong to the derived

class, and tliree or four are native (see
' Thesaurus

') ; Spirorbis Lewisii, also in Bohemia, is of

doubtful origin.

Of the forty-three species of Bohemian Trilobites (out of 369) which have inhabited other

regions, it may be assumed that thirty-five are native. Pour of these are Primordial ; and for the

others we can detect no earlier first appearance in other countries. Five species of the forty-three

are in the same zone in all places ;
no one birthplace can be assigned to them. May they not be

from distinct acts of creation ? Five Bohemian Trilobites, Calymene Baylei, C. complicata, C. Blu-

menbachii, Phacops apiculatus, and Sphcerexochus mirus, seem to be strangers.

Whether the Bohemian beds be the argillaceous slate of the lower stage, or the argillaceous lime-

stone of the upper, Trilobites found there a congenial habitat. Very few migrated, and almost as

few entered the district from other parts.

Of the nine Polyzoa in Bohemia (not Graptolites), none are known out of the Bohemian strata
;

and these have been very recently determined by M. Barrande.

The Graptolitidae are far more freely and widely dispersed than any other kind of Silurian life

many species being common to Australia, Europe, and America *.

The Bohemian Graptolitidee are also largely distributed over the world. Only three of its twenty-six

species are restricted to their own native area a circumstance not observed in any other Silurian order.

In eight species the priority of appearance is doubtful, the dates being the same in the various

countries. Fourteen species are foreign ; for their earliest appearance has taken place not in

Bohemia, but in Australia, England, France, &c.f

Brachiopoda, Bohemia possesses 321 species of this order ; and, except seventeen, they are all

native. Sixty-seven are met with in other parts of the world ; and of them fifty are either natives

or are undistinguishable from them. The seventeen foreigners are all in parts of the lower stage,

except two, which show first in the middle stage J. More Bohemian Brachiopoda may be expected
in other areas ; but I have not as yet had time to follow them.

Monomyaria. Only one Bohemian species of this order has been seen out of Bohemia. It

is known also at Dudley and other places in England, and on the same horizon as in Bohemia,
and therefore of doubtful birthplace.

Dimyaria. Of the sixty-six Bohemian Dimyaria, only four are known elsewhere, viz. : Cardiola

fibrosa (Wales, Ireland, &c.) without change of horizon ;
C. interrupta, in Caradoc in Lancashire,

*
Natives. Acidaspis Buchii, ^Eglina rediviva, M. speciosa, Agnostus rex, Arionellus ceticephalus, Asaphus

nobilis, Bronteus thysanopeltis, Calymene brevicapitata, C. diademata, C. incerta, C. pulchra, Cheirurus claviger,

C. insignis, Conocoryphe coronata, Cyphaspis Burmeisteri, Dalmania Hausmanni, D. Phillipsii, D. proavia, D. socialis,

Deiphon Forbesii, Harpes venulosus, Illaenus Salteri, Paradoxides spinosus, Phacops breviceps, P. proaevus, Placoparia

Zippei, Polyeres Dufresnoyi, Polytomurus euglypta, Remopleurides radians, and five Trinuclei.

t Native. Graptolithus Bohemicus, G. chimaera, G. Romeri. Doubtful. Graptolithus Linnaeus, G. peregrinus,
G. Proteus, G. spiralis, Climacograptus bicornis, Dictyonema Bohemica, D. gracilis, Diplograpsus Linaei. Foreign.

Graptolithus Beckii, Scotland
;
G. colonus, France

;
G. Halli, Scotland

;
G. latus, Skiddaw

;
G. Nilssoni, Skiddaw

;
G.

nuntius, Scotland; G. priodon, Scotland; G. Sagittarius, Scotland; G. testis, France; Diplograpsus ovatus, South

Australia; D. palmeus, Thuringia; Rastritea peregrinus, Scotland; Retiolites Geinitzianus, France; R. venosus,

Wales.

J Foreigners. Atrypa compressa, Britain; A. marginata, Britain and America
;
A. imbricata, Ireland; Leptaena

sericea, Spain fyc. ;
L. transversalis, Britain

;
Discina reversa, Esthonia, Bohemia, fyc. ;

Merista naviformis, New York :

Orthis elegantula, Britain
;
O. hybrida, Ohio

;
O. Lusitanica, Portugal ;

0. orbicularis, Baltic
;
Pentamerus linguiferus,

Wales; Rhynchonella cuneata, Scotland; R. navicula, England; R. Wilsoni, Britain; Strophomena pecten, Britain;
S. funiculata, Sardinia.
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elsewhere in the Upper Llandovery, or higher ; England therefore appears to be its birth-place ;

Conocardium, sp. ind., may be French, but we wait for more information
; Ribeiria pholadiformis is in

Caradoc in Portugal, but it is in D. d. 1, still lower down, at Vosek and Zahorzan in Bohemia, where,

therefore, we place the first appearance of this species of Dimyaria.

Hetero-Pteropoda. Of the thirty-eight species in Bohemia, by far the majority are natives.

In the rare instances where the same species is found in other regions, the stratal zone is the same,
as in the cases of Betterophon acutus, B. bilobatus, B. trilobatus, and Theca simplex. The first three

of the above species show themselves in so many and such distinct countries, that we feel inclined

to explain the facts by the notion of multiple creations.

Gasteropoda. Of the fifty-one Silurian genera of this order, Bohemia contains twenty-two, in

245 species ; but only the five inserted in the footnote are met with in other parts of the world t,

and of these the two species of Acroculia only seem to be foreigners.

The positive rarity of Mollusca under any form coming from other regions is a very strong
indication of the Prague basin being with difficulty accessible from without, except on a few

remarkable occasions. In the bays and sounds of the present seas the Mollusca change but little,

and are peculiar.

Cephalopoda. It is a singular fact that Bohemia contains more than half of all the known
Orthoceratites (396 out of 696), nearly all the species being typical of that country.

Thirty Cephalopoda have relations with other regions. Nine Bohemian Orthoceratites originate

in Spain, France, Britain, and Ireland J, in the extreme west of Europe, where they are in the

Caradoc and its equivalent stages, while they are in the third fauna in Bohemia ; three of these

(marked *) are also in the Lower Silurian of Russia and Norway. Six Orthoceratites, in the

same way, are derived from the North and N.N.W. that is, from Russia and Norway.
Orthoceras pelagicum is both in France and Bohemia, and probably on the same horizon, like

Bactrites nanus, Cyrtoceras Iceve ?, 0. bullatum ?.

Orthoceras dulce (Sweden, Britain), 0. originate (Britain), O. styloideum (France, Thuring.),

O. tumidum (Ireland), are native Bohemian species, together with the great body of this order in

that basin. We add a few words on this order.

The Goniatites of De Haen (having their maximum in quantity &c. in the Devonian epoch),

seventeen in number, abound in many parts of the environs of Prague, especially at Hlubocep,

making their first appearance as low down as F. f. 2.

It is probably in the little contiguous parishes of Lochkov and Kozorz, a few miles west of

Prague, that the crowd of Orthoceratites is the greatest. Seventy-one species, each consisting of

individuals past enumeration, are in Lochkov, overflowing into Kozorz ; and forty-three species,

mostly distinct, are in Kozorz. There are thirty-two species at Dvoretz, nearer Prague, almost all

peculiar to Dvoretz. Further inquiry would, I know, show something like the same state of things
in other parts of this Silurian deposit.

This genus is also remarkable in its vertical distribution. It makes 345 appearances in Bohemia

(with others elsewhere) . There are none in the Primordial stage (Fauna C) ;
but in D we find 24 ;

in E. e. 1, 52 ; in E. e. 2, 203 ; in F, 22 ;
in G, 40 ;

in H, 4. Here we remark scantiness at the top
and bottom, with an extraordinary opulence in E. e. 2, a limestone m4a*e--erHhgss~CpnnGotod~-with

trappose rooks, as in the British Gasteropoda.
Recurrence is common; it occurs in 126 species, and especially from Fauna E to Fauna G.

t Acroculia haliotis, Sowerby, (Llan.) Scotland, (Upper Silurian) Bohemia
;
A. rostrate, Eichwald, (Pleta) Baltic

Russia, (Faunae F, G) Bohemia
; Euomphalus monoplectus, E. substriatum, E. trochleatum, Bohemia and Franconia

(Upper Silurian).

| Orthoceras ibex *, 0. calamiteum, O. irregulare, 0. gregarium, O. lineare *, O. Ludense *, 0. nummularium,
O. subannulare, O. tenuicinctum.

Orthoceras distans
,
0. annulatum, 0. Ibex, 0. Ludense, 0. regulare, O. lineare.
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Five Orthoceratites (0. capillosum, loricatum, originals, pseudo-calamiteum, rigescens) permeate
almost the whole succession of the upper strata of Bohemia.

The Bohemian Orthoceras annulatum is in the State of New York and Britain, and the Bohe-

mian 0. bullatum is in West Canada and Australia, facts which once would not have been believed ;

but geological zoology not only deepens into the past, but widens unto the uttermost parts of the

earth.

The 302 species of Cyrtoceratites never leave their native stage, and only ascend eleven times

into the next subdivision of that stage. Other genera of Cephalopoda crowd these same parishes in

abundance, Cyrtoceras in particular; but we have not space for further details.

We are opening out a condition of things in this well-worked basin which is utterly irreconci-

leable with the hypothesis of natural selection.

We now pass on to make some brief remarks on the zoological relations of the Bohemian

basin with some other parts of the earth.

It remains for the present a singular fact that these relations are by much the closest with the

Silurian districts in the extreme west and north-east of Europe, at a distance of 800 to 1200 miles.

We speak of Ireland, Great Britain, France, Spain, Russia, &c. These countries have 207 species

in common with Bohemia, and in the following proportions :

England . 81

Wales 66

Scotland ........... 32

Ireland 47

France 48

Spain (little examined) 25

Baltic Russia 32

Russia 28

Sweden 47

Norway 35

The Harz 41

The above little list tells its own story ; but a still closer insight into the relations of these

countries is afforded by the subjoined Table.

TABLE P.
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Every one of these affiliated areas (and many more will in future be added to them) is con-

nected with Bohemia by different groups of extinct life, different in the connecting genera and

species both in kind and proportions these peculiarities being regulated by local circumstances.

England, Wales, and Ireland are remarkable for the great number of their Brachiopoda and

Cephalopoda identical with species in Bohemia.

If from these western frontiers of Europe we cross the Atlantic, we shall find in North-east

America forty-three species of Mollusca identical with those of Bohemia, a very suggestive fact,

on which the space allotted here will not allow me to speak.

In Great Britain, France, and Spain the Bohemian species are much the same, but each

country has a few peculiar to itself. Scotland has Calymene brevicapitata, Rhynchonella cuneata, &c.

Wales has Chonetes minima, Leptaena aquila, Orthis lineata, a Calymene, an Agnostis and a Remo-

pleurides. France has Graptolites testis, Orthis redux, Rhynchonella Ceres, a Homalonotus, a

Bronteus, &c. In every region the nature of the fauna depends on the fact of deposition or non-

deposition of certain beds, and on the effects of denudation.

M. Deshayes shows very forcibly how close are the vital relations of these portions of the Silu-

rian deposit of Europe, by asserting that any two basins have intim*ate relationship when they each

possess twenty identical species, for a still larger identity of genera is sure to follow. But there are

areas coeval, or nearly so, which have scarcely a species in common, because peopled under different

conditions such as Canada East (Quebec) and Western Newfoundland, such as the eastern and

western ends of the Clinton group (New York) . The connexion of the Prague basin with others

appears to be much closer than could have been expected, looking at distances and the ever active

influence of locality.

The Bohemian species in England and Wales must be considered a very large number. The

Table P shows their distribution. Hitherto Scotland has not yielded its full tribute of life ;
it

therefore exhibits a less prominent amount of unity with Bohemia.

The similarity of the Silurian life of France, Spain, Portugal, and Sardinia to that of Bohemia

is very striking, and it is rendered the more so by the imperfect manner in which these countries

have been searched. France came under the careful survey of very eminent men at atime when

organic remains were little regarded. Since that period MM. De Verneuil, Rouault, Triger,

Caillaud, and Bureau have made considerable collections, not wholly published.

At the time when the Silurian mollusks of Spain and France were deposited the Pyrenees did

not exist, and one great Silurian ocean, filling those two broad regions, occupied much of the interval

between these western frontiers of Europe and Bohemia, stretching with many a devious shore of

Laurentian and other rocks far into the east and north.

Table N shows that the most remarkable points in the fauna of Spain and France are the

abundance of Trilobites in species identical with those of Bohemia, the paucity of identical Bra-

chiopoda and Cephalopoda, and the absence of Gasteropoda.
Two species of Spanish Trilobites met with in Bohemia are Primordial (an Arionellus and a

Conocoryphe) ; and eleven or twelve of them are of the Caradoc age, the equivalent, more or less

exactly, of the Bohemian stag% D. But in France no Primordial Trilobites are known; while

thirteen of its species are in the stage D, just mentioned, and two, Bronteus Thysanopeltis, Cyphaspis

Burmeisteri, are Upper-Silurian in Bohemia and France. The places of first appearance of these

species are therefore mostly doubtful at present.

These two great regions are apparently poor in the other Silurian orders. Spain at present

only yields twenty-five Bohemian species, but France, having been better worked, gives forty-eight

numbers, however, which are merely temporary.
Russia maintains her connexion with Bohemia only by a few Brachiopoda, one Trilobite,

six Coelenterata, and six Cephalopoda, and this not for want of research ;
for a celebrated visit of

three distinguished geologists made palaeontology fashionable in Russia. Baltic Russia is nearly
as poor in Bohemian life.
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Instead of only four Bohemian orders, as in Russia, England contains nine orders, Norway
eight, Sweden and Ireland each seven together, in each country, with a plentiful supply of species.

If we are to believe that the Bohemian sea overspread a large portion of Europe in the early

stages of the Silurian epoch, it shows the same amplitude and magnificence of design which is

exhibited by the Silurian areas of North-east America, whether we regard their more complete
exhibition in the valleys of the Mississippi and the St. Lawrence, or the vast expanse of Upper
Silurian strata in Northern and Arctic America, where it-is, meat pfe&ftbte4htct the Lower Silurian

stages aevor existed. ^~ <* 2 -^ fl

Communities. The natural history of the communities of this epoch has not as yet received

due attention. Professor M'Coy and Mr. Billings have given several interesting skeleton lists of

this kind, but they have gone no further. Neither analysis nor conclusions belonged to their

immediate duties. Instructive instances of these groupings lie ready in every land. Some of the

earliest life with which we are acquainted is found to be in societies, consisting of individuals drawn

together by their instincts, and retained for a longer or shorter time by a sense of ease and safety ;

but no mollusk is absolutely fixed to any one community. Removals are common, andt hey are

called acts of migration or of recurrence. What species or genera can or cannot coexist in the

same community, the incompatible^ and compatibles, from powers, wants, or external conditions,

is only partially ascertained.

The bed e. 2 of the Bohemian stage E possesses unusual interest from the number, diversity,

and rank of the life it contains.

Of the sixteen * subdivisions established in this basin by M. Barrande, that which he has

named E. e. 2 (the seventh from the bottom) is by far the most prolific. Of the 2093 marine

forms held by the whole basin, nearly one-half (921) are in this bed, of no great thickness (150

feet ?), and principally within a space of fifteen miles by seven. They evidently form one society ;

for there are no barriers between different parts of the subdivision, and there never were any.

About Kozorz and Lochkov, and for seven miles around these villages, the rocks are the most

crowded (see Map), and especially by Cephalopoda, distributed with some irregularity : the Bra-

chiopoda often at Dlauha Hora, Lodenitz, Luzetz, &c. ; the Gasteropoda at Lochkov, Karlstein,

Dlauha Hora, Dvoretz, &c. ; the Dimyaria at Dvoretz, Karlstein, &c. ; and so on, still on the same

horizon, E. e. 2.

The Cephalopoda and Gasteropoda are in numbers especially astonishing when we remember

that each species brings its thousands or millions of highly endowed individuals. These two orders

give us 714 species, or about four-fifths of the organic remains of this bed (E. e. 2). The parishes

of Lochkov and Kozorz seem to be the headquarters of the Cephalopoda. They have seventy-five

species in common ;
while Lochkov has 220, and Kozorz 102, exclusively its own.

The following Table (Q) gives, in a condensed form, the known population of fauna E. e. 2

(numerically) .

2
C- L-

;

* Fauna D, 5
;
fauna E,>L; fauna F, 2

;
fauna G, 3

;
fauna H, g ;

= 16.
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TABLE Q. Bohemian Life as exhibited in Fauna E. e. 2.

Orders &c. Species.
Total.

Genera, with their Species.

Plantee none.

Amorphozoa 5 Ischadites, 1
; Stromatopora, 4.

Coelenterata 12 Cystiphyllum, 2 ; Favosites, 3; Halysites, 1
; Heliolithus, 5 ; Omphyma, 1.

Cystidea 1 Scyphocrinites, 1.

Annelida 1 Cornulites, 1.

Cirripedes none.

Trilobita 76 Acidaspis, 20 ; Arethusina, 1
; Calymene, 4

; Cheirurus, 7 ; Bronteus, 7 ; Cromus, 2
;

Deiphon, 1 ; Cyphaspis, 5 ; Harpes, 5 ; Illasnus, 2 ; Phacops, 6 ; Proetus, 7 ;

Lichas, 5 ; Spharexochus, 2 ; Staurocephalus, 1
; Trilobita, 1 .

Entomostraca ... 4 Ceratiocaris, 2; Eurypterus, 1 ; Leperditia, 1.

Polyzoa 5 Dictyonema, 2; Fenestella, 1
; Eetepora, 1

; Retiolites, 1.

Brachiopoda 46 Atrypa, 11 ; Chonetes, 3; Discina, 1 ; Lingula, 1
; Orthis, 4; Pentamerus, 3; Po-

rambonites, 1 ; Mimulus, 2
; Retzia, 1 ; Rhynchonella, 2 ; Spirifer, 1 1 ; Stro-

phomena, 5
; Trematis, 1.

Monomyaria 7 Avicula, 7.

Dimyaria 36 Antipleura, 2
; Astarte, 1 ; Cardiomorpha, 1

; Cardiola, 4; Cardium, 4 ; Cypricar-
dium, 3

; Hemicardium, 3 ; Isocardia, 3 ; Lucina, 3 ; Lunulacardiuni, 3 ; My-
tilus, 4 ; Pholadomya, 2

; Silurina, 3.

Pteropoda 13 Conularia, 1 ; Cyrtolites (Bellerophon), 8 ; Ecculiomphalus, 2
; Phragmotheca, 1

;

Pterotheca, 1.

Gasteropoda 125 Acroculia, 29
; Calyptraea, 1 ; Cirrus, 6; Delpbinula, 3 ; Euomphalus, 18

; Gyro-
trema, 2

; Loxonema, 4 ; Murchisonia, 8 ; Natica, 4
; Naticella, 4

; Patella, 1
;

Pilidion, 1
; Porcellia, 3 ; Pleurotomaria, 9 ; Rotella, 2 ; Subulites, 1

; Trochus,
9 ; Tubina, 4 ; Turbo, 12

; Turritella, 4.

Cephalopoda 590 Ascoceras, 10 ; Aphragmites, 2 ; Glossoceras, 2
; Cyrtoceras, 199 ; Gomphoceras, 59 ;

Nautilus, 5 ; Orthoceras, 252 ; Phragmoceras, 25 ; Trochoceras, 36.

Class uncertain ... 1 Lobolithus, 1.

Total . 922

This Table contains 94 genera and 922 species.

It is difficult to discover any mutual dependence among the numbers of this community as at

present open to our examination.

The carnivorous animals could not have subsisted on what we now see, unless they fed on each

other ; for they greatly outnumber the herbivorous or infusorial feeders, contrary to the usual pro-

portions. I have twice found Bellerophons in the chambers of Orthocera ; M. Barrande has found

young Orthocerata there. The simpler organisms are in this bed exceedingly few.

The Brachiopoda are in patches, the genera very poor in species, except Atrypa and Spirifer.

M. Barrande expressly states that there is not the vestige of a plant in all the beds (Defense des

Colonies, 1865, p. 304).

Compensation must have been found in animals of a soft structure, which of course have left

no traces.

The five orders Trilobita (sixteen genera), Dimyaria (thirteen genera), Brachiopoda (thirteen

genera), Gasteropoda (twenty genera) ,
and Cephalopoda (nine genera) exhibit remarkable variety in

their forms of life, and the last two are wonderfully abundant ; and we miss among others the large

order Echinodermata. If we look at the species in this subdivision, we find the genera Calymene
and Phacops but poor, and the others, except Acidaspis, very poor. Orthis, Rhynchonella, Penta-

merus, and some more Brachiopodal genera are slenderly represented.

M. Barrande's new genera Mimulus, Antipleura, Gyrotrema, and Silurina are here.

It is evident from the argillaceo-calcareous nature of the sediment, from the predominance of

free-swimmers, and from the absence of vegetation and of the Annelida, that the Silurian sea was

then deep, but not too much so for the coexistence of numerous Dimyaria and Gasteropoda.

Although the mineral passage from any one of M. Barrande's subdivisions into the next is

always insensible, or at least slow, the species belonging to bed E. e. 2 very rarely ascend into

i*-et~3-er*4, while it is very common for a species first appearing in E. e. 1 to find its way into

E. e. 2, and then to disappear for ever.
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It is well to add here that the ground occupied by the Upper Silurian strata near Prague, now

spoken of, is somewhat irregular, and even rather hilly ; so that a large proportion of the parishes

show, each of them, several horizons, belonging to stages E, F, G, and H. M. Barrande has

enumerated eighteen parishes in which this occurs. Of these I shall only name Lochkov, Dvoretz,

Konieprus, Hlubocep. In the foregoing observations we only deal with the one community residing

on the bed E. e. 2.

UNIVERSALITY. In the spirit of the following definition it would appear that the Silurian

system of rocks is universal in extent (that is, it overspreads the whole earth more or less com-

pletely, covering up its predecessors), and that its component parts were laid down at a proximate

time, and in like manner ceased to be laid down, statements approved by M. Barrande. (Bull.

Soc. Geol. de France, n. s. xii. 361.)

Definition. A formation may be considered to be universal when it occupies large and small

areas in very many parts of the earth, often remote from, and even antipodal to each other, when it

is always of like stratigraphical relations, is composed of like materials, and contains numerous genera

of existences in common, together with some representative and some identical species.

In support of our applying this definition to the Silurian system, the l Thesaurus '
exhibits the

widest possible distribution of its fauna a fauna, it must be remembered, which is pure from

admixture with that of any other epoch which might possibly have been progressing at the same
time. But we have to except, it must be recollected, the few members of the prior period which

have strayed into ours.

The ' Thesaurus '
contains many examples of the same species of mollusk being in from twenty

to twenty-five different countries, countries extensive and far apart, the same creature or creatures

marking the route from land to land. This is greatly aided by the power enjoyed by very many
mollusks of living on several sediments. In this way the Theca triangularis is found in all the many
sediments of the Hudson-River group of America.

From a Table drawn up under the inspection of Mr. Salter, we find (in 1866) 195 species common
to regions very remote from each other, some of them being antipodal a fact which tells the more for-

cibly from the tenacity with which the larger part of Silurian life clings to locality as well as to horizon.

Two hundred and ten species are common to Europe and America. Sixty Silurian genera

(truly European) have been brought from South Australia by Mr. Selwyn, the Chief Geological

Surveyor of that colony; and Professor M'Coy has met with in that country a Siphonotreta,

a Phacops, and eighteen species of G-raptolites absolutely identical with those of North America

and of Europe. The Professor strongly expresses his surprise and delight.

According to M. Barrande, Orthoceras bullatum (Sowerby) is at Melbourne (South Australia),

in Ireland, Bohemia, Germany, and Russia ; Conocoryphe depressa is in Wales and Texas (N. A.) .

Western Tasmania, the Himalayas, Russia, South and North America, and many other large divisions

of the earth afford ample evidence of the general presence of the constituents, zoological and mineral,

of this period.

The following Silurian remains are so widely distributed that they may almost be said to be

universal : Calymene Blumenbachii, Orthoceras annulatum, 0. ibex. 0. nummularium, Graptolithus

priodon, G. Sagittarius, Leptana depressa, L. sericea, Orthis testudinaria, 0. elegantula, 0. hybrida,

O. Wilsoni, Atrypa marginalis, A. reticularis, Pentamerus galeatus, P. Knightii, P. oblongus, Stro-

phomena pecten, S. rhomboidalis, Bellerophon bilobatus, Conularia Sowerbyii, Cornulites serpularius,

Tentaculites Anglicus, &c.

The Silurian beds, it must be borne in mind, are usually visible in mere shreds and remainders

in the best-worked places. They are apt to consist in any one place of a stage or a part of a stage,

the other portion being removed by denudation, or covered up by later deposits for hundreds of

square miles ; or they never existed, the locality in the last case having been in a state of emergence

during certain periods.
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It is in the Arctic seas of America, South-eastern Hudson's Bay, Sardinia, Spain, and such like

imperfectly known countries that certain important stages are said to be wanting "*. But the visible

geographic spread of these strata is often very great. So extensive are the easily traceable Silurian

areas of North America (2000 miles across) and the more disturbed and fractional areas of Western

Europe (1200 miles across ?), that it only needs a short and easy step in advance to induce a belief

in a former universal prevalence and external domination of this system.

Sufficient territory resting on Silurian rocks has been spared from oscillatory action to enable

us to trace it, in one or other of its parts, over a large part of the earth. We follow it, with

many a bend and gap, from England, through France or Spain, into Germany, Turkey, Russia, and

so on, to India and Australia. Or we arrive in North America, the interspaces being filled up
either by sea, by newer rocks, or by kindred Palaeozoic rocks, which themselves irresistibly bespeak
our strata near at hand. Here, as well as in South America, this period is in abundant display.

More than fifty great terrestrial spaces, scattered over the whole earth, are occupied with some por-
tion of the Silurian succession of rocks, with their proper stratigraphical habitudes, connexions, &c.

This is only a very small fragment of the argument in favour of the universality of epochs as

defined above. It is a great fact, and it enables us to apply to one end of the earth information

and reasoning gathered at another.

LOCALITY. The ' Thesaurus '

brings conspicuously into view the great influence of locality on

the nature and amount of life.

It is a power, in the strongest sense of the word, universal and great ; or rather we ought to say
that it operates by a concentration of powers peculiar to itself. We shall see in some thousands of

instances that localities had exclusive privileges in regard to life, as far as we now know.

In every considerable region the collector finds much that is new and peculiar, the union with

other Silurian districts being often mainly generic. And it is so at the present day. Every tolerably

large space of sea-bottom has its own conditions and its own fauna. The exact nature of that sea-

bottom cannot be safely predicated ; for it is only to be learnt by actual examination. The physical

state of land and sea was and is as local as the population ; for it is produced by plutonic and other

agencies, all limited in space. So the dwellers among these local changes must be local too, and

subject to removal at any moment. Thus, if we suppose a rocky islet to be placed to-day in the

sea, then immediately a new set of actions begin to operate upon materials around, organic and

inorganic. Most of the old things and conditions disappear. New shore-lines, new currents, new

depths, and new life appear. The first occupants of any portion of the globe who shall point out ?

The maximum of life is usually local, meaning, by that expression, the largest combination of

abundance, variety, and rank. It may show itself in any country, in any part of an epoch, or of a

stage, in the middle or at the end of either, being governed principally by the nature of the

sediment.

The rich Primordial beds of Western Newfoundland and of Quebec, the crowded Pleta beds of

Esthonia and Russia, the Trenton limestone of the State of New York, the Bohemian beds E. e. 1, 2,

some of the Welsh beds near the same horizon as those of Prague, the Lower Helderberg rocks of

New York, are all striking examples of localization in time and place.

Parts of the Middle Silurian of Wales and New York present great dearth of life, and for a

well-known reason. Even the rich Silurian strata of Bohemia are occasionally only so in the form of

oases, the sediments around them having scarcely a single tenant. The Potsdam sandstone of the

St. Lawrence and Mississippi valleys gives no signs of life for many thousand square miles, except
in patches, peopled chiefly with Lingulse in incalculable myriads.

North-east Central America (the United States and the Canadas) has probably received in an

equal degree with Europe the attention of the palaeontologist ; but the latter, up to the year 1866,

*
Dr. Hayes is said to have met with a patch of Lower Silurian in the Arctic seas.
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has proved the richer by about 1200 species. This is to be attributed partly to the nature of the

two regions *, and partly to the successful labours of M. Barrande f. The Table (R) placed below is

intended to show this.

TABLE R. The Silurian Fauna and Flora of North America and Europe, as known in 1866.

Orders.
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when species are common to two sets of beds more or less apart, the connexion between the latter

is closer than has been hitherto thought, and, further, that the absence of identical species in the

two beds does not forbid considerable relationship. Edward Forbes goes further, and says that a

large proportion of all known species of fossils are founded on a single specimen, &c. (Proc.

Geol. Soc. Lond. vii. 52). It certainly seems that there was considerable stagnation of move-

ment in those times a great arrest, cosmic, because universal.

Multiple creation is implied, going on everywhere, and affecting every form of life. The grand

mystery of creation has been in operation all through the epoch in thousands of places. Ordinarily
the Crinoid and the Cephalopod found graves in argillaceous limestone, the Lamellibranchiate in a

mixed sandy mud, and so on.

When we find a species only in one set of conditions, we obtain but a partial acquaintance with

its habits and modifications ; we appear to be only at the beginning of our work.

By way of bringing these facts before the reader in some little detail, the following Table

(S) has been prepared.

Compared with the totals given in p. vii, it will be seen that in each order the tendency of

the species inhabiting only one place is to one-half of the whole number. The Trilobita, Bra-

chiopoda, Gasteropoda, and others fall short of it ; while Crinoidea and Entomostraca (as might
be expected), together with Dimyaria, are all three in excess of their respective moieties. All the

species of Pisces and incertee sedis belong each to one separate place.

TABLE S. Exhibiting the number of Silurian species known only in one place.

Orders.
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Pal&arcee, while the shales of Point Levis, near Quebec (and the shales only), are crowded with

various species of Graptolites, seen for the most part nowhere else.

These singularities in the geographical distribution of the Mollusca will be explained at the

same time with those of the present fauna of Australia, South America, Madagascar, &c. ; but the

manner of so doing is still to be wished for.

The sedimentary strata containing our 9030 organic remains exhibit ample traces of localiza-

tion. Upon this subject our space admonishes us to be very brief. The sedimentary strata consist

of a few simple forms, about eleven in number, varying in the proportions of their ingredients, in

aggregation, and in mass ; but still the limestones, schists, &c. of the most distant countries, and of

different parts of the epoch, may be undistinguishable. Many a time, of hand specimens from the

Silurian, Triassic, and Jurassic periods, &c., the same may be said. All strata and masses of rock are

local, as well as their mineral variations, in breadths of greater or less size. Here a bed is missing,

there another, while intercalations, overlaps, and breaks are not unfrequent. Beds being local is

not perceived and acknowledged except when they are so small as to permit of being easily traced.

In North-east America the Oneida conglomerate, the Onondago-salt group, and the Oriskany sand-

stone are striking instances of intercalation of beds only occupying portions of a basin. Doubtless

the same occurs in the Old World.

The Oriskany sandstone is particularly worthy of our study. It is now known to extend to the

south of New York, and very far to the north-east of that State (Dana) . It is composed of the

unaltered debris of granite, gneiss, and mica, in the form of sand, gravel, and lumps, largely

infiltrated with lime. Usually without organic connexion with the limestones below, it indicates

the beginning of a new period, and is in fact the base of the Devonian.

FIRST APPEARANCE. This may be considered, practically, only another term for the date of

its creation, liable indeed to mistake in individual cases, which, however, sooner or later meets with

correction. While I give my full belief to the sublime utterance of the prophet,
" / have made the

earth, the man and the creatures that are thereon, by my great power
"

(Jer. xxvii. 5), the present

observations rest wholly on natural-history facts derived from the ' Thesaurus ' and similar

sources.

By far the most important part of a geological formation is its life. Mineral substances,

always few in number, are simply ministerial to life.

The first appearance of individual existences seems to be a normal transaction, not a casual, as

it appears to be ;
for the great result is beneficial and harmonious. It takes place (we know not

how ; no eye saw it) among conditions prearranged for healthy subsistence, and not by transmutation.

Life started into being, necessarily, in societies both composite and simple ; the composite at

once, in the beginning of a stage or at any other time Radiata, Mollusca, Annelida, Articulata,

all showing themselves simultaneously, or nearly so, for they subsist on each other. The sporadic

method is common to all parts of an epoch ; for there has always been a sowing of solitary forms,

together with considerable retention of the old population ;
and there was a growth in numbers

until a change in conditions came. All this is well known.

It is a very striking fact that the great majority of the Silurian fauna made their first appearance
on the same horizon that is, everywhere on, proximately, the same stage or subdivision of the epoch.

The same strata can occasionally be traced with accuracy, and often with little change of constitu-

tion, for more than 1000 miles (Potsdam sandstone), but oftener not. In this manner we learn that

the conditions were similar in these regions. The recurrent species form the exceptions.

The lowest traceable place in the succession of strata in which a mollusk is found must be

held to be that of its origination or first appearance ; and the fact may be reasoned from with tole-

rable safety. Thus we all believe in the various periods at which the Goniatite, Ammonite, Tri-

gonia, and Helix first showed themselves. When treating on recurrency, this subject will receive

further consideration.

k
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ON THE DURATION OF SPECIES (chiefly). This is an important part of vital statistics, which,

running up the whole scale of existences, reaches and deeply interests man himself. This subject

introduces us to masses of time beyond our conception, but not beyond the vital force of some

genera and species to endure. Families and orders are little affected by the flux of time, or of con-

ditions, but genera more so some, however, living through many periods. We shall see that, with

certain exceptions, the life of a species is far shorter, while that of an individual is incomparably so.

So numerous are their generations, that it is idle to speak of them as less than hundreds of thousands.

Continually liable to unforeseen occurrences, the duration of Molluscaii communities is very

precarious ;
it may be stopped by the loss of a genus.

Oscillation is the parent of many of the direct causes interfering with organic existence of all

classes.

As a general law, the viability of a species is in the inverse ratio of its organic rank each

species, nevertheless, having its own quantity of endurance. With individuals this law is reversed ;

the higher the rank the greater the viability. While the wants remain the same, the means of satis-

fying them are more effective. The points of contact with external things less expose them to damage,
than they are means of support and safety. The individual man lives longer than the monkey, the

horse than the fowl, the bird than the oyster. The duration of individual life may perhaps be mea-

sured by the rate of development (M. Dufo). This subject is yet in its infancy.

We suppose the various stages, whether Primordial, Oslo, Caradoc, Wenlock, or Niagara, to

have occupied a deal of solar time, while individual life was short. It might have been, as at

present, a day, a season, a year, or a term of years periods very brief in comparison with a stage, a

subdivision.

The simpler organization of the Protozoa and Diatomacea, but especially their extreme

fecundity, enables them to resist successfully all the agents of extinction.

Passing by the several vague opinions on this subject previously put forth, I shall only mention

that of Prof. Bronn and Mr. S. P. Woodward (with the priority here I am not acquainted). They
have concluded that a species generally lives through one-third or one-half of the duration of the

set of beds in which it appears. Although this statement wants precision, it was an approach to

the truth. M. Bronn, after much consideration, tells us that only a quarter or a sixth of the fauna

of a stage has a duration equal to that of the "terrain" containing it (Prize Essay, p. 357), and in

further proof quotes an interesting table from Mr. Searles Wood's Monograph on the Crag fossils

(Palseontograph. Soc. 1848) . This Table, with others, proves that the species ordinarily thought to

represent a "
terrain/' or a fauna, only continue through a part of it. Darwin (Origin of Species,

p. 293) says that insuperable difficulties prevent any just conclusions on this point.

Whatever may be thought of the above paragraphs, M. Barrande has poured a flood of light

upon us. For Bohemia he has given us a true relative measurement of organic duration, and

therefore more or less applicable to all other countries. M. Barrande has supplied the great want

a careful assignment of fossils to their proper places in their one or more stage-subdivisions. He
subdivides all the fossiliferous strata of Central Bohemia into parts 1, 2, 3, 4, 5, according to

observed peculiarities : see pp. xxiv, xxv.

M. Barrande shows that of 396 species of Bohemian Orthoceratites, thirty-two began and

ended their existence in the first subdivision (E. e. 1), thirty-eight more passing into E. e. 2, there

to perish, and that one hundred and ninety-six appeared in E. e. 2 exclusively, not a single Ortho-

ceratite reaching E. e. 3, a subdivision entirely destitute of them (and of Cyrtoceras}. Fauna F. f. 1

has only five typical species ; F. f. 2 has seventeen, G. g. 1 has twenty-three, while G. g. 2 has

three, and G. g. 3 thirteen, H. h. 1 having only two. All cease to exist with their respective

little group of beds. Some recurrents have been omitted, but not many.
The genus Cyrtoceras of Bohemia exhibits the following remarkable evidence of the brief life

allotted to its species. In fauna E. e. 1 there are twenty-seven species appearing and disappearing
within that subdivision, save ten, which ascend into E. e. 2, but no further ; while in E. e. 2 alone
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there are 199 which are never seen elsewhere. The remaining thirty-two species, which make up
the 258 existing near Prague, are scattered about in faunas F. f. 1, 2, and G. g. 1, 3 each species

in one subdivision only.

The Bohemian Brachiopoda are 321 in number as known at present. Out of this aggregate,

223 species (my stock until within a few weeks), only thirty-nine live in one horizon, or about one-

sixth
;
but the determinations being sometimes imperfect, this statement is only partially reliable.

Ninety-eight more species from the same generous hand have reached me recently. They are in

fourteen genera. Of these only four species appear in more than one part of a subdivision.

The Bohemian Trilobita are in 352 species ; respecting half of them there are good data. Of
this half (189 really), 127 live only in one part of a subdivision, thirty-four go into the next stage,

and twenty-eight into several parts of the same faunal subdivision.

The Bohemian species of Pteropoda are ninety-seven in number. Seventy-seven do not out-

live their native subdivision, such as D. d. 5, E. e. 2, or F. f. 2, &c.

This Prague area has 248 known species of Gasteropoda. Of these, 232 die out at the close

of their respective subdivisions, in whatever stage they may be.

An examination of the other orders, Dimyaria &c., would only lead us into a repetition of the

above statements. We see that, leaving the recurrents out for the present, a species only exists in

Bohemia during a part of a stage-subdivision, and that the organic separation of part from part is

very sharp leaving but a brief interval for the exercise of natural selection.

The fauna of the earth appears in these times to have been renewed incomparably more

frequently than has been supposed. In a Presidential Address by Prof. Ramsay (Quart. Journ.

Geol. Soc. vol. xx. p. 59) are many valuable statements on this subject. They were arranged and pre-

pared by E/. Etheridge, Esq., F.R.S.E., and, although directly applicable to the Oolitic formations,

agree in the main with the observations just made on the Silurian fauna of Bohemia. Every geo-

logist should make himself familiar with this address.

We can only stop for the present to draw two important conclusions.

The act of creation was continuous and frequent throughout every part of every stage of an

epoch, conditions permitting.

Some species had a prodigious duration
;
that of the greater number we have seen to be short

relatively. Measured by solar time, by the vast extent of molluscan dispersion, and by the rate of

sedimental accumulation in recent times, this duration was always great.

EXTINCTION. All beings are made finite by the action of two laws. The great First Cause has

impressed upon all creatures a certain rate of progress (during youth), maturity, and decadence,

ending in extinction. Then, again, all beings are subject to external conditions, favourable and

unfavourable, which assist in the production of an average longevity. These may be called the laws

of impress and of conditions. Extinction of life is commonly slow, continuous, individual, and

sometimes is more rapid than replacement from without or than by acts of creation. Sudden acts

of extermination are exceptional, brief in time, and limited in space.

The extinction of an order is veiy rare : it implies the lapse of more than one epoch or era.

In the same way the disappearance of a genus is of more importance than that of a species, because

it tells of a greater change of conditions.

Local groups consisting of one species are not uncommon ; but the great bulk of animal life is

formed into societies more or less complex, their members living in a state of mutual dependence.

A number of their species, or even of their genera, may disappear without the dissolution of the

society, because compensations may arise from various sources. Examples of these societies are

numerous in the great work of Sedgwick and M'Coy (Benson Knot, Dudley, &c.), in the writings

of Mr. Billings (to whom I owe so much) , and others ;
but they may be constructed in almost any

number, with singular exactitude, from the Silurian basin of Bohemia *.

* Mr. Lycett (Journ. Geol. Soc. Lond. vol. iv. p. 42) gives an interesting example of a community from the Great

Oolite near Minchinhampton.
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The causes of extinction are in universal operation. They are cosmical. Silurian life was

discontinued everywhere at the same time, proximately.

There is no example, as far as I know, of a Silurian community rising, by migration or other-

wise, into Devonian or Carboniferous strata ;
but single species do, and somewhat largely, just as we

see in every epoch up to the present.

Little appears to suffice for extinction, so obscure, delicate, and slow are some of its causes.

They are of course of a mixed nature, as was observed at the beginning of these remarks. The chief

of those which are mechanical is oscillation. Oscillation alters the form and the proportions of

land and sea, changes sea-bottoms, depths, currents, and temperatures, and this in various degrees

of intensity, from merely occasioning uneasiness, to the infliction of immediate death. Examples of

all this are plentiful. Under the last mentioned state of things the oscillation is irresistible. After

a period of confusion and agony, existence ceases, except in cases where the summons to depart was

instantly obeyed. This fatality happened to the beautiful Devonian Crinoid, Hypanthocrinus, on

the Pennsylvanian shore of Lake Erie
;

it was suffocated by a sudden mud-flow. In palaeozoic times

changes in climate were probably rare ; but a lowering of temperature is always a powerful cause of

extinction. When the change of level is moderate, life may be continued with diminished energies.

Readjustments, reparations, and slow accretions of new life now take place.

Oscillation does not permanently lessen the amount of Silurian or other life
;

it changes its

forms, and perhaps the precise locality. It may confer new food and shelter, take away or modify
either. As long as levels are stationary, genera and species make healthy and happy use of their

instincts, with but few intrusions or desertions ;
but a change of level brings both.

When sea-levels are being depressed, all the zones of life are in distress, in proportion to the

rate and .extent of the process. It is a process which is always visibly going on now, in some

part of the earth or other. The whole marine population then move upwards, with some few

exceptions. In times of elevation the general life-movement is downwards, the littoral mollusks

being left high and dry to perish ;
the red-weed-loving animals are ill at ease on the new littoral,

covered with rotting algse, and the nullipore-browsers are equally so in their new place ; probably
the deep-sea mollusks lose in quietude, nourishment, and temperature ; so that let there be oscillation,

and all animated existence is set in motion, not only within, but beyond the disturbed area ; for

wanderers will inconveniently crowd the outer residents in quiet seas.

But this unstable area may become a place of rest, when it will be gradually peopled by suitable

organizations, driven from troubled homes, and glad to occupy the void. This new peopling sea-

bottoms from a distance need not perplex the naturalist
;

it is an affair of causes, all within the

epoch. No form of life alien from the existing epoch can enter, except a few recurrents. There is

no mingling of epochs.

The first Great Cause has granted to all His creatures great liberty of action. Zones of

residence are very broad, except for a few. Neither depths nor sediments are adhered to very

strictly by the Silurian or any other fauna, the sediments themselves (sea-bottoms) being formed

at almost every level.

After this digression, we add a few words on the vital or physiological causes of extinction.

The genus, species, or individual may exhaust its term of life. We see this term (average viability)

in all animals. In conformity with it each dies, if permitted by external events. The life-term of

species varies exceedingly. By far the larger number of them we have seen to have a very brief

existence. The species simplest in point of structure, the Amorphozoa, Coelenterata, Polyzoa, &c.,

do not enjoy any peculiar longevity, if we are to believe the ' Thesaurus 3
with certain exceptions.

The mutual relations of the members -of a molluscan community have great influence on its

preservation or destruction. The carnivorous portion may be too active, or the herbivorous too few ;

and the same may happen to other branches of it. Epidemics arise, touching only one form of life,

but nevertheless fatal to the whole. The population may become so large as to press severely on

subsistence, when one of two things, or both, will take place an unusual fatality, or a forced
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migration. This is very liable to happen if two or three species (or genera) reach their maximum
of quantity and power at the same time and at the same place ;

the equilibrium between want and

supply is destroyed. Deaths may exceed the births in number, from an unusually hot or cold

season, from scanty food, or from a change in the mineral ingredients in the sea ;
it may have

become brackish, fresh, or too salt. Instances of such conditions abound. The operations of man
have but slight effect on marine life.

MIGRATION. Any considerable removal of a living creature from place to place is called

migration, whether directly by its own act or not. It is called transport when life has ceased.

At present we speak only of the inhabitants of the Silurian sea. Migration has always been a

great fact, and must often occur to an animal of fixed wants living among varying conditions. It

colonizes unoccupied spots by swarming from crowded places, throws foreign life into old com-

munities, thereby conferring variety, perhaps together with some advantages.
The processes of nature are in ceaseless operation ; portions of the sea-grounds are continually

being made unfit for the occupation of organic beings, and then again are restored to their use :

so it has always been. Here migration comes into play and builds up comparatively permanent
societies. A living individual is set in motion by external agencies ; and sooner or later it fixes

upon some one spot, there it remains, and it either dies, languishes, or prospers. Living, it spreads

by reproduction; meanwhile it is joined by other individuals in growing numbers. Some of these,

finding appropriate conditions, flourish, and a community is eventually established, which divides

and subdivides, and flits about (within narrow limits, it is true) in search of food, shelter, and other

necessaries. Communities (genera and species) take action, and remove when necessary ; but the

impulse is from the individual : it is in his interest. Migration in Silurian times must have been

hazardous, but more so now, when exterminating agencies are more numerous.

In those times (as now) there must have been failure upon failure in changing their abodes,

down the measureless flow of time from the Silurian to the Permian formation; and we know of

generic forms which have made this long voyage.
We usually trace the march of the migrant but imperfectly, but at other times pretty well,

from land to land, because it often forms settlements as it goes.

Every free animal is by nature a wanderer in search of pasture and security, the lowest forms

having the greatest migratory power. This process may be in abeyance ; for a community may be

stopped by great depths, hedged in by high sea-cliffs or by sea-deserts of sand and shingle,

impassable, especially by the herbivor just as some of the Bohemian Trilobites occupy small

patches in the midst of an untenanted waste. Extent of dispersion is in proportion to these and

other obstacles, as well as to viability. Or the creatures may have been content with their quarters ;

for the individual stops on the instant that his wants are supplied, the next move perhaps being
made by his uneasy progeny. Communities sometimes leave their abodes all in a body : they are

either swept away by a high tide, or some such strong current, or, as must often happen, the

herbivorous division move away in search of food and shelter, and the carnivorous must go with

them necessarily. Each act of migration has its own direction, distance, and method, about which

something will be said in the sequel.

Whole communities have been known to return together to the country they had long

abandoned. Mr. Godwin-Austen gives a remarkable instance of this kind of repossession in the

Palaeozoic rocks near Boulogne (France) . Here alternations of level have introduced into the same

area, successively, distinct assemblages of suitable marine life, one or two of them actually accom-

plishing a repetition of occupancy (Journ. Geol. Soc. Lond. Ix. 244).

The only entirely satisfactory proof of a fossil having begun to exist in another place or

horizon than that in which it is first seen is its being so found ; but the following marks taken

together (more or fewer) will leave little room for mistake. The migrant is apt to be solitary,

with no kindred, young or old, around it. It may be in a coarse foreign sediment, travel-
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stained, abraded, or greatly damaged. The facies of the new neighbourhood and its fauna may be

inconsistent with the idea of the new fossil being a native.

In the power of migration the Mollusca vary greatly. Many mollusca, fixed during the early

portion of their life, are free to rove at pleasure afterwards, and vice versa. They travel much in

the ova, or as fry. In the Lake of the Woods (Rupert's Land) great numbers of minute, yet

delicately elaborated, trilobites were found in a Ludlow rock. The same occurred in Wales to

Mr. J. W. Salter. These creatures were easily transportable.

The sum of migratory power seems pretty equably distributed among the several orders, except

the Echinodermata and one or two more, the sources of this power, it is to be recollected, being of

different kinds.

The Brachiopoda, Coelenterata, and other sea-life are swept away by currents, and take their

chance of survival at new stations.

The oceanic free swimmers, Cephalopoda, Pteropoda, &c. travel far and near, Gasteropoda

beginning life in the Pteropod form (E. Forbes, Edin. Phil. Journ. xxxvi.).

The many modes of migration over sea-bottoms, active and passive, are well known.

The faculty of sustaining great bathymetric range must essentially assist the migrant ; and it was

common and powerful in the Silurian epoch, as we learn from the numerous "
grounds

"
frequented

by many of its faunae. This is well shown in Table xix. (Quart. Journ. Geol. Soc. Lond. vol. xv.

p. 315) *, as corrected by Mr. J. W. Salter. Together with the accompanying text this Table

contains much matter concerning Silurian nature, which need not be repeated here.

Here that portion of the fauna which, from their wide distribution, have been called " uni-

versal
"

are found in eight, nine, and ten different sediments. In proof of this I subjoin the

following little Table. It is merely a selection of some of the more striking instances in the

several orders, neglecting the number of sediments below seven. Where the mollusca can

exist in health on many sediments, they can travel far ; for considerable changes of depth are

implied.

TABLE T.

Species.
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various species came and went. This might be done profitably with Great Britain, Esthonia, or

any other tolerably worked country. But here we have not space for what can easily be done by
any student from the ' Thesaurus/

We shall now trace the directions pursued by the 210 species which are common to North-east

America and Europe (western especially). They are set down in the following Table (U).

TABLE U. The Directions (east and west) of Species in transitu between North America and

Europe, together with the Isozonals of both Hemispheres.

Directions.



xliv FACTS AND OBSERVATIONS.

The Isozonals in the Table U are more than double the number of the migrants, these

latter being somewhat few, because of the distance traversed, and because this is only one of many
such lines of molluscan journeying.

We remark that the number of migrants from America to Europe is less than that of those

going in the opposite direction, so that the exchange is against the West an unexpected and dis-

appointing conclusion ; and we see that the orders likely or unlikely to travel behave as might have

been expected, Coelenterata, Trilobita, and Brachiopoda being the most active of all, while the two

last, together with Polyzoa, most abound with isozonal species common to the two hemispheres.
This Table contains six orders having no species making this traverse, not even the Dimyaria, an

order holding 526 species.

In 1866-7, before I received further contributions from M. Barrande, the species registered

were 7767, and the appearances were 10,447. But as it has already been explained that we have to

do only with half the former number, it results that every species which moved at all passed into

two other countries, or nearly (3883 species, 10,447 appearances), because the appearances were in

very numerous instances not set down for want of space.

But this statement affords a very imperfect view of Silurian migration or dispersion ;
for a

certain number of species of almost every order are planted east, west, south, and north, in 5, 7, 10,

15, 22 countries, almost belting the world; whether by radiation from a common centre, or by

ordinary migration, is not yet known.

This is true of the quasi-universal species already mentioned, and of many others. As a rule,

but with exceptions, this scattered fauna is always on the same stratigraphical level, whether that be

of the lower or of the upper stage.

A Montreal fossil we trace southwards to Pennsylvania, westwards into Minnesota, and east-

wards to Anticosti
; Minnesotans are found in the Texas &c. The Australian Diplograpsus pristis

(Hisinger) also nourished in Britain and Canada on the same zone.

The Illeenus crassicauda, Favosites Gothlandica, several Leptcena, Orthides, and other genera
mark with their presence lines 6000 miles long, attracting notice first in Canada, Russia, or

Britain, &c.

RECURRENCE OR VERTICAL RANGE. What can be more unexpected or more wonderful than the

upward passage of a mollusk by successive generations, through stages and epochs, during centuries

almost countless ? What a vast train of descendants must have followed the first ancestor ! And
it is a fact which grows in importance as we ascend the sedimentary column to its present summit.

The doctrine of limited duration in species must sometimes require an elastic interpretation.
"
Recurrence," a phrase of one of my masters, Prof. John Phillips, is simply the reappearance

of a plant or animal in a zone of rocks higher than that in which it was first observed. It implies

progress upwards, either on the same spot or on another by migration. Instances of both kinds

are plentiful.

Recurrency is the more worthy of our attention, because Edward Forbes * thinks " that there

often prevails an extreme and unwholesome tendency on the part of many palaeontologists to insist

on the real distinctness of the species found in different stages, and to force their diagnoses accord-

ingly." A few years ago many of our best naturalists forbade, the belief in vertical range, except in

rare cases M. Agassiz asserting that the number of supposed instances was daily diminishing with

advancing knowledge ; but a far greater latitude is now very generally granted to this operation.
Thomas Davidson, F.R.S., a very high authority, remarks f,

" It is now acknowledged that many
species have lived through several stages of the Silurian system, and are even perpetuated beyond
it; and this applies equally to palaeozoic and Jurassic fossils. To narrow too strictly the strati-

graphical limits of species is to expose ourselves to adopt even false and puerile characters in fossils

*
Quart. Journ. Geol. Soc. Lond. vol. x. p. 40. f Bull. Soc. G6ol. de France, vol. v. n. s. p. 310.
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when they are found in two different stages/' These statements favour the present inclination to

obliterate all sharp lines of demarcation. Beautiful examples abound in Wales and New York of

these transitions, by minute and prolonged shadings, mineral and organic. We have a striking

instance of this in Pennsylvania, in the passage of the Devonian series into Coal-measures

(H. D. Rogers). Recurrence usually deals with life, but it may be effected after death, by means

of transport, without our knowing it. When organic transition is sharp and sudden, between con-

formable strata, denudation may be suspected, as we see in the Black-River limestone of the Mohawk

valley (New York) ; but when it is seen in discordant rocks, there has been a positive break.

Species are the principal time-tests
; genera and families run through so many stages and epochs

that they characterize none. Thus Lingulidae, Craniadse, Asteridae, Aviculidse, Nautilidse, &c. have

dwelt in the beds of almost every age (S. P. Woodward). In this point of view recurrents are often

of little value ; but they may be, nevertheless, essential to the well-being of a community. Thus a

ravenous Gasteropod in the course of his upward range, or a legion of them, may be sent in to

prevent the herbivorous class from exhausting the public store of food.

The Table (X) now subjoined, presents a synoptical view of Silurian life in relation to the

subject in hand, as far as was known in 1865. It shows that out of 5968 species, whose places are

well known, 784 are recurrents, or 13 per cent. This leaves 5184 species faithful to one horizon.

Primordial recurrency has been left to another occasion ; it grows in importance.

TABLE X. A Synoptical View of Silurian Life in reference to Vertical Range or Recurrency
known in 1865). The Primordial stage is treated apart.

as

Kingdom, Classes, Orders,

Genera, and Species.
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amounts. The recurrents are treated in like manner, but the number of horizons which they

occupy is also shown. Thus, of recurrent Trilobites in the lower stage sixty-nine are seen in two

horizons, fifteen are in three, and two in five ; while the middle and upper stages are similarly

treated. Recurrent Trilobites are 14 per cent, of the whole order. In like manner Table X gives

the percentage of recurrent species throughout the entire Silurian fauna.

We have not yet learnt always to distinguish a recurrent from a typical species ; but this

may sometimes be done from its retaining the peculiarities of the native stage, and from the marks

of migration it may carry. The individual we happen to take in our hands may not have changed
its horizon, being the offspring of old residents, partaking, however, of the epigenic alterations

passed through by the deposit holding it *.

The vegetation of the Silurian epoch enjoys some vertical range, but chiefly affecting its genera.

Table X shows that out of fifty-nine species (known in 1866), five pass into other stages, but only

into such as are coterminous. Generically plants enter many horizons. Of the genus Palceophycus,

ten species are in the Primordial of Labrador, New York, &c. ; others arrive at the middle stage ;

and one has been discovered in the Upper Silurian of the Baltic sea.

Among the Annelida, Buthotrephis has four Primordial forms, most of the others being Middle-

Silurian, while B. succulens, according to Prof. Geinitz, is in the Primordial at Lobenstein (Reuss,

Germany), and in the Trenton limestone of New York.

The three species of Rusophycus occupy (each separately) the Chazy beds, the Clinton group,

and the Eurypterus-limestone of North-east America, three horizons of very different dates.

The conditions favouring recurrence, or rendering it possible, are simplicity of structure,

fecundity in reproduction, longevity, the power of locomotion, facility of transportation, and con-

ditions continuous, or nearly so. While sediment is slowly accumulating, generations mount up
with the increasing thickness, until they often find themselves among strange life, and they them-

selves are called recurrents. All this is greatly aided by a steady medium like the sea, and an

occasional failing in power on the part of opposing circumstances.

Recurrency in marine life, ancient or modern, is universal, and is common to all forms of

organic existence, and to every part of time, the act growing in frequency through every succeeding

epoch up to the present day.

Mollusks may have recurred in companies, as they must often travel in groups ; but instances

are unknown to me, nor are they easy of detection. The fact which we are discussing shows that a

marine creature is not necessarily confined to any one community, but that both it and its young

may find good homes in several successively.

Recurrence is a measure of viability, that is, of capacity for enduring change of food, pressure,

temperature, &c.
;
and the number of recurrents becomes a measure of new conditions, the more

numerous the recurrents the less being the change.

By far the greater number of derived fossils congregate about the first layers of new strata!

subdivisions, and then are replaced by the Autochthones of Agassiz, the native mollusks. This is well

exemplified in the Trilobites of Bohemia. Pennsylvania and New York exhibit similar facts,

together with a remarkably great intermingling of fossils in the contiguous beds of two stages. In

Tennessee, the Niagara and Lower-Helderberg groups, so widely apart in New York, are inseparable
in their molluscan life and mineral condition for the thickness of thirty feet f ; but under these

circumstances we cannot be said to be dealing with full and true recurrency.

*
It is well to give a summary of these alterations (rnetamorphisms). Many rocks are apparently barren which

certainly once contained extinct life. They and their contents have been more or less transformed, and the latter even

obliterated. The rock has become hardened by assumed cleavages or crystalline forms. It may now be vesicular, have

received magnesia, lime, iron, sulphur, &c. by way of addition to its original composition ;
and it may have developed

new minerals.

t Bull. Soc. Geol. de France, xviii.
;
Canad. Journ. i. 220, ii. 138

;
Geol. Report Tennessee, Prof. Safford

;
Geol.

Report Pennsylvania, H. D. Rogers j
Geol. Report, Logan, 1857, pp. 152, 156.
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In Bohemia and some other countries appearance and disappearance of species go on so rapicllj

that the life at the top and bottom of a stage would be completely dissimilar but for the recurrents ;

and opportunities for vertical range are constantly occurring in the dispersion and reconstruction of

societies, a state of things which leads to new abodes, new combinations, and perhaps to increased

well-being.

The Upper- Silurian fossils which people the Prague colonies in fauna D. d, except as they

come from another area, are not recurrents, are not the posterity of Bohemian mollusks. They are

the precursors of an identical and larger coming fauna. Signs are not wanting that they came from

a country where the Silurian epoch was more advanced than in Bohemia ; and they become of great

value by indicating local inequality of progress in the act of deposition during this epoch suggest-

ing, moreover, that any of the Silurian stages may be in process of formation about the same

time with another in different parts of the world.

Recurrents tolerate many sediments. This has always been a common and useful property of

marine life. So it is with the greater portion of our present marine fauna. This they are enabled to

do by the fact that different plants are able directly or indirectly to furnish acceptable food for the

same animal. The orders which are under disadvantage in this respect are the Echinodermata,

Entomostraca, and some Gasteropoda.

Some recurrent species enjoy enormous longevity, but we may treat on this subject more fully

elsewhere. When found in very distant areas they are often ultra-epochal (or serial), and they
start up when least expected ; but there are terms of arrest, or horizons of finality, above which

neither single nor grouped existence can pass (Bronn, Deshayes, &c.).

Recurrence varies in its amount with the locality, because no two localities are at all points

alike. It is common in Sweden and Canada, and still more abundant in Wales, where the interval

between the Lower and Upper Silurian is tolerably well supplied with life. In the Wenlock and

Ludlow beds of that district and its vicinity eighty-nine of the fossils are the same (1858) . Vertical

range is feeble in Bohemia and Russia, which in the latter country is strange, because no disturbing

causes seem to have been present, and none of much power in Bohemia.

In one region a species may be restricted to a single set of beds, without being so in another.

We have this exemplified in the Silurian fauna of Britain and Bohemia, as in the following

Table.

TABLE Y. Some Fossil Species Typical or Recurrent, according to their Basin.

Fossil Species.
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species of Orthoceratite in New York, one eighth outlive their native deposit, while in Britain twice

that number do (twelve species out of fifty-one) . In Britain all the Pleurotomaria are constants ;

but in other areas many make short runs upwards.

The species and genera probably differ, in their tendency to recur, according to the stage in

which they make their first appearance ; and it is believed that considerable diversities of behaviour

are discernible in them. Time has not permitted the recurrency of the higher portions of the

Silurian system to be looked at with sufficient care
;
but we see it to be large, and to become doubly

interesting from the near approach of the Devonian system, and of the extra-epochal or serial

recurrents it initiates.

The question may arise whether a fossil apparently recurrent be not in truth a new and

independent creation not a recurrent, but the identical species of a past horizon, brought into

existence a second time. The possibility of such an occurrence is denied by most of the authors of

the present day. But on such a subject it is better not to be too confident. Creation is a mystery
which all our efforts to penetrate, as Elie de Beaumont says, have only raised a very small corner of

the thick veil under which nature has concealed her immense work. It is the opinion of Agassiz

that animals undistinguishable from each other may appear, without tie or connexion of any sort, in

different fauna (Proc. Acad. Nat. Science, Philad. 1859, p. 186). Dana (Ann. Nat. Hist. 2nd ser.

vol. xvii. p. 43) affirms and advocates the doctrine of independent creations. Bronn, from reasons

altogether different from Dana, broadly states that " there is no doubt but that the return of iden-

tical life-conditions can cause groups of animal species to appear a second time " *. Analogous
observations relating to the Oolite near Cheltenham f, and to the Cornbrash near Cirencester J, are

in accord with this. The mixed beds of Petite Coeur in the Tarentaise, and consisting of Carbo-

niferous, Liassic, and Jurassic rocks, as investigated by Elie de Beaumont , Mortillet ||,
Heer ^[, and

others, greatly favour the opinions of the Heidelberg and Newhaven Professors.

I beg to express a waiting belief in this hypothesis, without being quite able to conceive the

possibility of any organism resisting the plutonic and other agencies so terrible and so active during
the long interval with which we are dealing. But Edward Forbes, Pictet, Deshayes, and a

numerous company of good naturalists, who do not believe in a second creation, doubtless have

offered strong reasons in support of their incredulity.

DIVERGENCE. A few words on this subject may be useful. By this expression is meant a change
of residence made by any member of a molluscan fauna from ground to ground, once or more than

once. With sediment, in fact, its connexion is often indirect and at second hand.

Divergence is rendered possible by a pliable organization, and it is necessary in order to enable

mollusks to travel (migrate) , to pass over and feed on a plurality of grounds, and also to tolerate

changes in the nature of their habitats.

The present state of the ocean-floor, as far as inorganic matter is concerned, I believe, reflects

very tolerably that of any part of the earth's history. The materials and the agencies have always
been much the same

; but with living beings it is different.

Although a sediment may be, and often is, the same in two or more epochs to every test of the

chemical analyst, each of these epochs, as was taught by Mr. S. P. Woodward, had its own

appointed and very different forms of life.

Composed of few mineral substances, sediments still vary in the proportions of their ingredients

so much and so frequently as often to break up the bottoms into small and irregular areas. Of
course any quantitative mineral analysis has only a very limited application as to place.

*
Bronn, Essai pour la Prix, 1856, Acad. des Sciences

; Comptes Eendus, torn. ii. p. 724.

t Lycett, Morris, Ann. Nat. Hist. 1848, vol. ii. p. 248 &c. Paljeontogr. Soc. 1850-3. Brodie, Geol. Journ.

Lond. vol. vi. p. 239.

J Buckman, Ann. Nat. Hist. vol. xii. p. 324 (1853). Bullet. Soc. Geol. de France, vol. xii. pp. 534, 676.

||
Bullet. Soc. Ge'ol. de France, vol. x. p. 18. ^ Jahrbuch f. Mineral, 1850, pp. 657, 674.
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An inquiry into the nature and position of sea-grounds, conducted with considerable care,

results in the fact that every kind of ground, except rock, exists at one place or other at almost

all depths, small and great the nature of the successive depths being, in a rough way, that which
has been adopted in Table Z. The exceptions are numerous. The following are instances of the

greatest ; the others I must neglect.

Blocks of stone at 200 fathoms (Greenland, Dr. Wallich). Shingle at 1675 fathoms (Capt.

Dayman). Gravel at 2330 fathoms (Atlantic Telegraph route, Dayman). Sand at 954 fathoms

(Atlantic Telegraph route, Dayman). Brown mud, clays principally, at 180 fathoms (.ZEgean Sea,

Forbes) . Weed; Dr. Wallich has met with no "
Algae proper

" below 200 fathoms. NuUipore at 130

fathoms (Algiers, Milne-Edwards) . Shelly ground at 54 fathoms. Coralline at 145 fathoms, at which

depth Mr. Gwyn Jeffreys finds Chiton cinereus and Trochus granulatus. White mud ; this ground in

an especial manner belongs to the deepest parts of the sea, but it is found at all levels in areas of

smaller sizes.

The presence of this or that ground may usually be accounted for by local circumstances by
ocean depths, contours of and distance from land, by the constituents of the nearest coasts, by the

presence or absence of headlands, of great rivers, of steady, variable or conflicting currents, by pre-

vailing temperatures, and other well-known influences. These are all cosmic agencies.

The causes of divergence, as they now occur to me, are the following :

1. Currents (tides &c.) driving the fauna from their grounds.
2. Changes of level, damaging or removing their grounds, rendering them in fact less

desirable for shelter or pasture.

3. Injurious changes in the nature of the faunal community ;
the carnivorous mollusca

have devoured all the herbivorous, or the latter all the plants.

4. The free swimmers, Cephalopoda and Pteropoda, are dropped in a dead state into various

grounds, because they live independently of all sediment.

We now lay before the reader the Table Z. It exhibits, with a certain degree of accuracy,
the distribution of a large number of marine species of mollusks among the principal sea-grounds of

the present day, as seen in eleven large regions.

TABLE Z. Molluscan Sea-grounds.
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This Table gives the results of 5000 acts of dredging (minus two), as performed by experienced
naturalists in eleven large districts, in eleven sea-bottoms. Edward Forbes, M'Andrew, and Gwyn
Jeffreys conducted these operations as their only object, as also did Cuming ; but both Cuming and

Hinds passed rapidly over large spaces of sea in irregular pursuit of the animals only, and not as

investigators of any district. Adams evidently moved over littoral and other small depths, for he

was often among rocks and stones. Forbes laboured in laminarian and medium depths; for

gravel, shingle, sand, and weeds figure largely in his lists, while there is little mention of rock, and

none of white mud. Hinds worked a good deal over the same level, but rested nowhere, so that

most of his species are constant to two, often intermixed, grounds. Perhaps Forbes, M f

Andrew,
and Cuming swept over the largest extent of sea.

Every one of these eleven districts carries with it its own interpretation, and deserves an indepen-

dent study. Some were nearly closed basins ; others ran down latitudes along shores oftenstraight ;

others, again, consisted of open sea. They presented many other differences, local and climatal.

T^Jie object of this Table (Z) is to show, to measure, the extent of modern divergence in 3137

species of marine life taken in the mass, throwing aside for a moment any .further artificial

arrangement.

Taking the sums total of the grounds, it points out the comparative faunal occupancy of each

over large regions. Rock presents 313 appearances, for instance, one sixteenth of the whole

appearances ; stones and gravel a tenth ; shingle one twentieth ;
sand considerably above a quarter.

By inference it tells the extent and importance to living creatures of these grounds, their depths,

and other particulars.

The total number of appearances in this Table (as already defined) is 4987, being 1849 above

the actual species, an excess spread irregularly over all the grounds. The species constant to one

ground are 1145; to what particular grounds especially, I do not know. The divergent species

(1993) are nearly double this number a fact of great importance, as assisting in the act of migra-

tion, our main concern here.

The constant and divergent mollusks vary in number with the kind of sea they inhabit. In

the open sea the former are few and the latter are numerous ;
in close waters this is reversed. Thus

we see in Vigo and Carthagena bays, and perhaps on the British coasts, the constants are many,
and wanderers are seldom seen. In support of this statement we find that in the above-named

bays, of 141 Gasteropoda, 94 are constants; and of 117 Acephala, 100 are constants. These two

orders represent the bulk of the animal life of the localities. Here M fAndrew worked assiduously
for fourteen weeks.

Brown mud (argillaceous) with some siliceous sand, or a little lime, is the seat of one-third of

the marine population of Table Z ; and quartzose sand, more or less pure, contains a still larger fauna.

Stones and gravel are well frequented ; rock, weed, and nullipore much less so (in these lists), and

about equally. White mud is barely mentioned by five of the dredgers.
As the following Table (2 A) occupies very little space, and brings to view many noteworthy

particulars, I venture to insert it.

TABLE 2 A. Molluscan Orders.
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It is constructed from the Dredging-Tables of Edward Forbes, for certain parts of the coast of

Great Britain. We see that the majority of the three orders, selected on account of their numbers,
inhabit 1, 2, 3, 4 grounds. An Echinoderm (Ophiocoma rosula], an order in palaeozoic times rigidly
confined to one or two calcareous grounds, is found now in seven.

POSTSCRIPT.

I. Time and space will only permit the introduction into these pages of the foregoing twelve

short sketches, almost entirely unaided by illustrative remarks drawn from palseozoic literature. It

is probable that a calmer and more deliberate examination of the lights scattered throughout the
' Thesaurus' would have suggested some still more striking truths which therefore remain yet latent.

For this an apology has been already offered.

The following further list of geological subjects, partly already treated of in MS., will show how

important are the omissions we know of. Full and comprehensive as the standard works are, the

rapid progress of the science has left even now more to be said.

ADDITIONAL SUBJECTS. Oscillation, its effects on life. Silurian areas of Europe and America

compared in strata, and their contents, country with country, stage with stage. The Silurian

selvages of N.W. Scotland and Ireland, peculiarly American, carefully examined. Silurian and

recent sea-beds compared. The bathometry of molluscan life in the Silurian and present periods.

The increment and decrement of Silurian life, species, and genera, separately tabulated for all

countries. The greater or less synchronism of strata far apart ; measured, where possible. Was
America inhabited before Europe &c. ? as seems probable. During the existence of an epoch may
the foreshadowing of the next become perceptible ? We see this in Nova Scotia (Devonian) and in

Pennsylvania (Carboniferous formation). The transport or removal of dead organisms from place to

place ; the " remaniement " of the French. Extra-epochal recurrence is of all time and place, and

full of interest.

II. An Extract from an Address to a Meeting of Geologists at Chambery, Savoy, 1844.

"
II n'y a qu'un demi- siecle, un orateur chretien, se defiant des hommes de la science leur

disait :

' Arretez-vous enfin, et ne creusez pas jusqu'aux enfers. Aujourd'hui, Messieurs, rassures

sur Finebranlable Constance de notre foi, nous vous disons : creusez, creusez encore : plus vous

descendrez, plus vous rapprocherez du grand mystere de Fimpuissance de Fhomme et de la verite de

la religion. Creusez done, creusez : et quand la science aura donne son dernier coup de marteau

sur les fondements de la terre, vous pourrez a la lueur du feu qu'il fera jaillir, lire encore Fidee de

Dieu et contempler Fempreinte de sa main ' "
*. Monseigneur Rendu, Bishop of Annecy, Savoy.

*
Bullet. Soc. Geol. de France, n. s. tome i. p. 857.



lii FACTS AND OBSERVATIONS.

Eocystites primsevus, Billings.

Lingula Matthewi, Hartt, MS.
n. s.

Obolella transversa,

Piscina Acadica,
Orthis Billingsi,

,, n. s.

Conocephalites Baylei,
Matthewi,
Kobbii,

Orestes,

Ouangondia-
nus, ,,

N.B. There are

III. Primordial Fossils (26) from New Brunswick (N. A.}.

(See Acadian Geology, J. W. Dawson, 2nd Edit. p. 641.)

Coldbrook, St.
| Conocephalites tener, Hartt, MS.

Aurora,
Thersites,

gemini-spi-
nosus, ,,

Hallii,

quadratus,

neglectus,
formosus, ,,

Microdiscus Dawsoni, Billings.

Agnostus Acadicus, ,,

similis,

Paradoxides lamellatus,

micmac,

Coll. Hartt,
John's.

Coldbrook.
Eatcliffe's Mill, Hartt.

Coldbrook.
Eatcliffe's Mill.

St. John's Slates.

Eatcliffe's Millstream.

and St. John's.

Eatcliffe's Mill.

Coldbrook.

Eatcliffe's Mill.

St. John's.

Eatcliffe's Mill.

Coldbrook.

Eatcliffe's Mill.

Coldbrook.

St. John's.

Eatcliffe's Mill.

St. John's ?

St. John's.

several other undetermined species, and some orders of Mollusca not yet examined.

(Received August 26th, 1868, J. J. B.)



NOTES ON " FACTS AND OBSERVATIONS."

PAGE
xxvii. Calymene complicata should be C. duplicate,. Phacops apiculatus must be erased,

xxvii (note*). Polyeres Dufresnoyi= Acidaspis Buchii. Polytomurus euglypta=Dionideeuglypta.
xxviii. The three species of Euomphalus must be erased.

xxxi. The 2093 species mentioned are those which are already described (1868).

xxxi (note). The subdivisions are: in stage (fauna) C, 1 ; D, 5 ; E, 2; F, 2; G,3; H, 3; =16.

xxxii. Erase the 17th and 18th lines from the bottom of the page. Two lines from the bottom

also, /or E. e. 3 or 4 substitute F. f. 1.

xxxiii. M. Barrande does not vouch for Orthoceras bullatum being in Bohemia,

xxxvi. There are two species of Asaphus in Bohemia.

Errata in Sketch Map. Colony Zippe (Bruska) is on the north of the River Moldau.

Colonies Branik, and Haidinger near Radotin, are both outside of the boundary line of stage E.



ABBREVIATIONS IN NOMENCLATURE.

CANADA AND THE ADJACENT UNITED STATES OF
AMEEICA.



KINGDOM PLANTS.

Subdivision.



Subdivision.



KINGDOM ANIMALIA. STJBKINGDOM PEOTOZOA. PROVINCE ASTOMATA. CLASS AMORPHOZOA.

Subdivision.



[AMORPH.

Subdivision.



AMOKPH.]

Subdivision.



[ACTINOZOA.

RHIZOPODA.

Fig. 9. Rotalia palffioceras ? Nonionina.

10. Dexiospira triarchsea ? Globigerina.
11. ,,

hexarchaea

12. Aristerospira octrachaea

13. Nonionina archetypus '/

14. Spirocerium priscum ?

? Rotalina.

? Rotalina,

Ehrenberg's Lower-Silurian Foraminifera, 1858=

Fig. 1. Vaginulina? ? Eozoon.
2. Nodosaria ?

3. Textularia initialis ?

4. Polymorphina Abaira ? Bulimina.

5. ,, avia ? Bulimina.

6. Guttulina Silurica ? Bulimina.

7,8. Rotalia palaeotrias ? Globigerina.

There is not one of the above determinations that can be definitely accepted. Some of the grains are possibly parts of Eozoon.

They can only be spoken of as Textulariform, Rotaline, and such like ; but of course Prof. Ehrenberg's names can be put in a

catalogue as being really Foraminifera. Prof. T. Rupert Jones.

Monatsbericht der Kon. Preuss. Akad. der Wissens., p. 445, 1861. Prof. Ehrenberg finds, near St. Peters-

burg, in the Lower-Silurian clayey green sandstone, the following Infusoria :

Panderella silurica.

depressa.
lobata.

Panderella crepusculum.

Cymbulia ? brachiospira.
vetustissima.

Tiedemannia ? antiquissima.
? silurica.

? lunata.

Criseis ? falx.

? hemicyclus.

ZOOPHYTES.

SUBKINGDOM C(ELENTERATA=2bop%to, Lwn.=Anthozoa, Ehrenb. CLASS ACTINOZOA. SUBCLASS

COBALLAPJA, ~EAw.=Actinoidea, Dana. OEBEES ZOANTHAEIA EUGOSA, Z. TABFLATA.

Subdivision.



ACTINOZOA.]

Subdivision.



[ACTINOZOA.

Subdivision.



ACTINOZOA.]

Subdivision.



10 [ACTINOZOA.

Subdivision.



11

Subdivision.



[ACTINOZOA.

Subdivision.



ACTINOZOA.] 13

Subdivision.



14 [ACTINOZOA.

Subdivision.



ACTIKOZOA.j 15

Subdivision.



16 [ACTINOZOA.

Subdivision.



ACTINOZOA.] 17

Subdivision.



18 [CBINOIDEA.

SUBKINGDOM ANNULOSA. PROVINCE ANNULOIDA. CLASS ECHINODERMATA. ORDER CRINOIDEA.

Subdivision.



CRINOIDEA.] 19

Subdivision.



20 [CRDfOIDEA.

Subdivision.



CBINO IDEA.] 21

Subdivision.



22

Subdivision.



CRINOIDEA.] 23

Subdivision.



24 [OSTIDEA.

Summary. (Geographical. )

Genera.



CYSTIDEA.] 25

Subdivision.



26 [CTSTIDEA.

Subdivision.



ASTERIDEA.] 27

Subdivision.



28 [ASTERTDEA.

Subdivision.



ANNELIDA.] 29

Summary (Geographical).

Genera.



30 [ANNELIDA.

Subdivision.



ANNELIDA.] 31

Subdivision.



32 [ANNELIDA.

Subdivision.



TRILOBITA.] 33

STTBKINGDOM ANNULOSA. PROVINCE ARTICULATA. CLASS CRUSTACEA. ORDER TRILOBITA.

Subdivision.



34 [TKILOBITA.

Subdivision.



TRILOBITA.] 35

Subdivsion.



36 [TRILOBITAc

Subdivision.



TKILOBITA.] 37

Subdivision.



38 [TEILOBITA.

Subdivision.



TEILOBITA.] 39

Subdivision.



40 [TRILOBITA.

Subdivision.



TRILOBITA.] 41

Subdivision.



42 [TEILOBITA.

Subdivision.



TKILOBITA.] 43

Subdivision.



44 [TBILOBITA.

Subdivision.



TRILOBITA.] 45

Subdivision.



46 [TRILOBITA.

Subdivision.



TBIIOBITA.] 47

Subdivision.



48 [TKILOBITA.

Subdivision.



TlULOBITA.] 49

Subdivision.



50
[TEILOBITA.

Subdivision.



TKILOBITA.] 51

Subdivision.



52 [TEILOBITA.

Subdivision.



TRILOBITA.] 53

Subdivision.



54 [TRILOBITA.

Subdivision.



TRLLOBITA.] 55

Subdivision.



56 [TRILOBITA.

Subdivision.



TRILOBTTA.] 57

Subdivision.



58 [TKILOBITA.

Subdivision.



TRILOBITA.] 59

Subdivision.



60 [TEILOBITA.

Subdivision.



TKHOBITA.] 61

Subdivision.



62 [TKILOBITA.

Subdivision.
Genera' SP60168 '

and
Author.



TRILOBITA.] 63

Subdivision.



64 [TEILOBITA.

Subdivision.



TKILOBITA.] 65

Subdivision.



66 [TBILOBITA.

Subdivision.



TKILOBITA.] 67

Subdivision.



68 [TRILOBITA.

Subdivision.



TRILOBITA.] 69

Subdivision.



70 [THILOBITA.

Subdivision.



Acidaspis. 71 TBILOBITA.

The following important addition to the list of Trilobites is due to the great kindness of M. Barrande. Six-

teen species have been omitted because they are already registered from M. Barrande's several " Defenses des

Colonies
"

recently published.

A TABLE OF TEILOBITES DISCOVERED IN BOHEMIA SINCE 1852.

Stage.



Acidaspis. 72 TRILOBITA.

Stage.



TKILOBITA. 72*
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72 [PHYLLOPODA & OSTBACODA.

SUBKINGDOM ANNULOSA. PROVINCE ARTICULATA. CLASS CRUSTACEA. ORDERS : 1. PHYLLOPODA
(MEROSTOMATA, Dana) ; 2. OSTRACODA.

Subdivision.



PHYLLOPODA & OSTRACODA.] 73

Subdivision.



74 [PHYLLOPODA & OSTBACODA.

Subdivision.



PHYIIOPODA & OSTKACODA.] 75

Subdivision.



76 [PHYLLOPODA & OSTKACODA.

Subdivision.



PHYLLOPODA & OSTEACODA.]

Subdivision.



78

STTBKIJTODOM MOLLUSCA. PROVINCE HOLLTJSCOIDA. CLASS POLYZOA.

Subdivision.



79

Subdivision.



80 [POLYZOA.

Subdivision.



POLYZOA.] 81

Subdivision.



82 [POLYZOA.

Subdivision.



POLYZOA.] 83

Subdivision.



84 [POLYZOA.

Subdivision.



.POLYZOA.] 85

Subdivision.



[POLYZOA.

Subdivision.



POLYZOA.] 87

Subdivision.



[BRACHIOPODA.

Summary (Geographical).

Genera.



BKACHIOPODA.] 89

Subdivision.



90 [BEACHIOPODA.

Subdivision.



BKACHIOPODA.] 91

Subdivision.



92 [BRACHIOPODA.

Subdivision.



BEACHIOPODA.] 93

Subdivision.



94 [BRACHIOPODA.

Subdivision.



BRACHIOPODA.] 95

Subdivision.



96 [BRACHIOPODA.

Subdivision.



BBACHIOPODA.] 97

Subdivision.



98 [BRACHIOPODA.

Subdivision.



BRACHIOPODA.] 99

Subdivision.



100 [BRACHIOPODA.

Subdivision.



BKACHIOPODA.] 101

Subdivision.



102 [BRACHIOPODA.

Subdivision.



BBACHIOPODA.] 103

Subdivision.



104 [BRACHTOPODA.

Subdivision.



BRACHIOrODA.] 105

Subdivision.



106 [BRACHIOPODA.

Subdivision.



BRACHIOPODA.] 107

Subdivision.



108 [BRACHIOPODA.

Subdivision.



BRACHIOPODA.] 109

Subdivision.



110 [BBACHIOPODA.

Subdivision.



BRACHIOPODA.] Ill

Subdivision.



112 [BRACHIOPODA.

Subdivision.



BRACHIOPODA.] 113

Subdivision.



114 [BHACHIOPODA.

Subdivision.



BRACHIOPODA.J 115

j

Subdivision.



116 [BRACHIOPOBA.

Subdivision.



BRACHIOPODA.] 117

Subdivision.



118 [BRACHIOPODA.

Subdivision.



BRACHIOPODA.] 119

Subdivision.



120 [BRACIIIOPODA.

Subdivision.



Stricldandinia. 121 BRACHIOPODA.

Subdivision.



StropJiomena. 122 BRACHIOPODA.

Subdivision.



Strophomena. 123 BKACHIOPODA.

Subdivision.



Strophomena. 124 BEACHIOPODA.

Subdivision.



Strophomena. 125 BRACHIOPODA.

Subdivision.



BRACHIOPODA. 126

Summary (Geographical).

Genera.



126* BRACHIOPODA.
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Anibonychia. 127 MONOMYARIA.

Subdivision.



Avicula. 128 MONOMTAEIA.

Subdivision.



Meyambonia. 129 HONOMYARIA.

Subdivision.



Pterincea. 130 MONOMYAEIA.

Subdivision.



Actinodonta. 131 DlMYABIA.

STJBKINGDOM MOLLUSCA. PROVISOS LAMELLIBBANCHIATA. CLASS CONCHIFERA.
GBOITP DIMYARIA. (OBTHOcoyQUEs, D'Orbigny.)

Subdivision.



Cardiola. 132 DlMYAKIA.

Subdivision.



Ctenodonta. 133 DlMYAEIA.

Subdivision.



Ctenodonta. 134 DlMYARIA.

Subdivision.



Cypricardia. 135 DlMYAKIA.

Subdivision.



Grammysia. 136 DlMTAEIA.

Subdivision.



Modiolopsis. 137 DlMYARIA.

Subdivision.



Modiolopsis. 138 DlMYARIA

Subdivision.



Orthonota. 139 DlMTAEIA.

Subdivision.



Pdlcearca. 140 DlMYABIA.

Subdivision.



Palcearca. 141 DlMYARIA.

Subdivision.



142 DnfYAJRIA.
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Bellerophon. 143 HETEKOPODA.

MOLLUSCA. PKOVINCE ODONTOPHORA. CLASS PTEROPODA,
HETEROPODA (NFCLEOBRANCHIATA).

Subdivision.



Bellerophon, 144 HETEROPODA.

Subdivision.



Bellerophon. 145 HETEKOPODA.

Subdivision.



Conularia. 146 HETEKOPODA.

Subdivision.



Cyrtotheca. 147 HETEKOPODA.

Subdivision.



Madwrea. 148 HETEEOPODA.

Subdivision.



Theca. 149 HETEKOPODA.

Subdivision.



Acroculia. 150 GASTEROPODA.

MOLLUSCA. PROVINCE ODONTOPHOKA. CLASS GASTEEOPODA (DICECIA).

Subdivision.



Acroculia. 151 GASTEROPODA.

Subdivision.



Cydonema. 152 GASTEROPODA.

Subdivision.



Eimema. 153 GASTEKOPODA.

Subdivision.



Euomphalus. 154 GASTEROPODA.

Subdivision.



Holopcea. 155 GASTEKOPODA.

Subdivision.



HolopeUa. 156 GASTEROPODA.

Subdivision.



Metoptoma. 157 GASTEROPODA.

Subdivision.



Murchisonia. 158 GASTEROPODA.

Subdivision.



Murchisonia. 159 GASTEROPODA.

Subdivision.



Murcliisonia. 160 GASTEKOPODA.

Subdivision.



Pilidion. 161 GASTEROPODA.

Subdivision.



Pleurotomaria. 162 GASTEROPODA.

Subdivision.



Pleurotomaria. 163 GASTEBOPODA.

Subdivision.



Pleurotomaria. 164 GASTEKOPODA.

Subdivision.



Rapliistoma. 165 GASTEROPODA.

Subdivision.



Subulites. 166 GASTEROPODA.

Subdivision.



Turbo. 167 GASTEROPODA.

Subdivision.



Loxonema. 168 GASTEROPODA.

Stage.



GASTEROPODA. 169

pa^iququt
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Actinoceras. 170 CEPHALOPODA.

STJBKINGDOM MOLLUSCA. PROVINCE ODONTOPHORA. CLASS CEPHALOPODA.
ORDERS : DIBRANCHIATA, TETRABRANCHIATA.

Subdivision.



Ascoceras. 171 CEPHALOPODA.

Subdivision.



Cyrtoceras. 172 CEPHALOPODA.

Subdivision.



Cyrtoceras. 173 CEPHALOPODA.

Subdivision.



Gomphoceras. CEPHALOPODA.

Subdivision.



Lituites. 175 CEPHALOPODA.

Subdivision.



Orihoceras. 176 CEPHALOPODA.

Subdivision.



Orthoceras. 177 CEPHALOPODA.

Subdivision.



Orthoceras. CEPHALOPODA.

Subdivision.



Orihoceras. 179 CEPHALOPODA.

Subdivision.



Orthoceras. 180

Subdivision.



Orthoceras. 181 CEPHALOPODA.

Subdivision.



Orthoceras. 182 CEPHALOPODA.

Subdivision.



Ortkoceras. 183 CEPHALOPODA.

Subdivision.



Trochoceras. 184 CEPHALOPODA.

Subdivision.



Oyrtoceras. 185 CEPHALOPODA.

Stage.



Cyrtoceras. 186 CEPHALOPODA.

Stage.



Gomplioceras. 187 CEPHALOPODA.

Stage.



Orthoceras. 188 CEPHALOPODA.

Stage.



Orihoceras. 189 CEPHALOPODA.

Stage.



Phragmoceras. 190 CEPHALOPODA.

Stage.



191 CEPHALOPODA.

sau^TinoQ jo jgqtnnjj

sgioadg jo

saoircjraaddy

JO p*>0

1C
co

OS >O <M <M TH <M i-no <M 00 CO t>

saotraiBaddy p^oj,
^ 5

"'
<^

i-H j | ; j ; I | ; ; ; ; I-H ; ; ; IQ

I
; i i i i i i i i ;'-' ;' i i i I ;;';;;;;;; \~

Bipuj ifljo_fi |::::;;i i: 1
""

1 *"*:: ^:::::::*

''BlSSI.l.'JT I I I I III III I I
*

I I
* ^^ '

^H ', I I I I I

fco"
I i-H . .

_
. . . GN i I . .

1 i 1 i i i i : : I-H j I ; ; i I j i

~

"Bisapg | :::::::i::::::i:::::::'~t ::: 5O '~'i:::::
I
::::::: : : :::::::::::::::: 1^ :::::::

:<N :::::::
n . r-Hoq<M(Mcq . ; .~~r^i ~. . T~~. o i

"

~; oo
~ "

~." . cq t- 1- I-H TD : : : i TO : p~ >>
CDii- -OS T^-C<1 K

[

' ' '
'CO

' ' '
00

ds I
; ; ; i ; i i ; i ! ; ; i ; iTT T . ........ ^

'.'.'.'.'.'. I I

;SOCD : : : I-H
: : : : : : ;oo : ;I-HOCO

rti ** f T'-i T ~. : t- T : o CD i I-H I-H \ c5 'e
. . ^ * is* -

: c^ co ::::::::
. 1 '

;;
V.>l

J
. . .. t-rt* I-H : ;I-H : : :O<M :eooio ;t-<M : ; ;osrH :OSOSIOIXN ;<NCO os O

saoireaBaddy p^oj} _
"

'^ ^_
2_ 1

i i ; ; ; ; ;
I-H

i^soopny p5 "'::::: i

1
"1

: :~: i

1
"

1 ::::: :"*"" i^S :::::: co

Bi^oog BAO^;

I-- ; i ; i ; i ; ; ; ; ; ; i ; ; ^; ; ; ; ; i i^
I _u _J (Ti i-^ '

* ( F I i-H ' ' TM ' rH C\l

co

:

' ' :'-' ' '

: : : : oo
t- , , . . .i-H . . . C<l . . rH r-t . .i-H . . . .CO . . IO i-H i-H . . . . <jq rH CD Q

PQ
OO

eiomrci |
:::::'::: i^ : : : 1^

|jno58ipj[ |

*~* ::;;:::::::;::
"BApj |

:::::::::
j

1
"

1 ;; j

60

_

I
i ! ! i i i i ! ! !^ i i ! : i i i i i i i i i i i^ i : : i i i^

uB;qotj\[ "jVV'K
I co i i i i i i i i i :"":"-< <-< ::::::::::: <M :::::::

oo~

c "'''*:::':::
>% : : : : : : : i's" : : :

tf
: : : : : :

; ; ; I : ; ;

*:..::.:.:::..:.&.:.:.B : ^5 : : :

B I .

2-

M
ii!ililllli!ifiiiiiiiiiiiffiii

3^llllilllllilillslliillill!iili

1

a
a&



192

INCEKLE SEDIS.

Subdivision.



Plectrodus. 193 PISCES.

Subdivision.



194

ADDENDA,

PLANTS.



Cyaihophyllum. 195 ADDENDA.

Subdivision.



Petraia. 196 ADDENDA.

Subdivision.



Dendrocystites; 197 ADDENDA.

Subdivision.



198 ADDENDA.

Subdivision.



Cybele. 199 ADDENDA.

Subdivision.



ffymenocaris. 200 ADDENDA.

Subdivision.



Retiolites. 201 ADDENDA.

Subdivision.



Orthis. 202 ADDENDA.

Subdivision.



Bellerophon. 203 ADDENDA.

HETEROPODA-PTEROPODA.



Chonetes. 204 ADDENDA.

Subdivision.



Cystidea. 205 ADDENDA.

BRACHIOPODA.
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SILUKIAN PALEONTOLOGY,

AUTHORS CONSULTED IN THE FORMATION OF THE 'THESAURUS SILURICUS.'
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;
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