
advance ; for examl)le, in the valley of tlie Donau. 
Especially in regard to the Caucasus, his investi-ntions 
ill the region co~lviiiced llim,that no people already 
sufliciently civilizecl to eniploy nletals could have 
passed oyer illis range; and, on account of the geo- 
gl,apliical relations, v e  ir~nst assume that the Aryan 
peoples first divided ill central Asia, and separated 
widely along tlle northern coast of tlie d r a l  anil Cas- 
pian seas, and then proceeded tlirollgh iiiodern'Rus- 
sia, where the oliaracteristic bronzes are not found, 
o r  ~vestwarcl through Asia Minor. Once i11 Greece, 
it is liiglily probable that Italy was their next step. 
A fact hrougl~t forward by Hochstetter in support of 
his tlleori- viz., the lack of ribbed bronzes, llestea 
ilicordoiii -has provecl a n~istalie. A point of attack 
is presented by the sanre investigator, in l ~ i s  assertion 
that the discoveries a1 IIallstadt do not date back of 
tile second rnillcnary before the Christian era, ancl 
iminediately preceded the Roman civilization; ancl 
that, at  the time of the subjugation of Noricnn~ by 
I:ome, the mannfacture of bronze already existed. 

At the close of Iris address, Virchom merely touchetl 
upon other antl~ropological qnestions, and pointecl 
out tliat philology and arclleology alone were not in 
condition to relieve the darkness whicll still con- 
cealed the invention ancl spreacl of bronze; ancl that 
somatic a11tl~ro1101ogy, i.e., the investigation of tlle 
pllgsical constitution of the peoples under consider- 
ation, as seen from the bones preserved to as,  niay 
here have a final word to say, and may, perhaps, 
answer tlre important question, wlietller thc cultiva- 
tion of central Europe is to be traced to the influ- 
ence of two different fan~ilies, or to only one, the 
.Aryan. 

MUCHof the second decade of my life was spent in 
the practical pursuit of geology in the field ; and 
thronghont most of that  period I enjoyed almost daily 
intercourse with William Smith, the father of Eng- 
lish geology. But, in later years, circnnistances re-
stricted my stndies to the paleontological side of the 
science : hence I was anxious that tlle council of 
the Brittsh association should place in this chair 
some one more familiar than myself with the later 
developments of geographical geology. Bnt my 
friend, Professor Bonney, failing to recognize the 
force of nly objections, intimated to me that I might 
render soirie service to the association by placing be- 
fo1.e you a sketch of the present state of our lrnoml- 
edge of the T rgetation of the carboniferous age. 

This being a subject respecting wliich I have 
formed sonle definite opinions, I am going to act 
upon the suggestion. To some this may savor of 
'shop-tall<;' but such is often the only talk mllich a 
Inan can indulge in irrteiligcntly : and to close his 

1 Opening a i i d r r s ~  before the hection of ~ e o l o g y  of tlie 13ritiilh 
afisocintion for tlle a(1v;lilcenient of sciexlcc. Ey Prof. \'i'.C. 
\iT~m,rAnrsox, I,T,.U., B.IL.S., prcni(1cilt of the  section. l ~ r o m  
advance silccts liillclly furnished hy the editor of L\~(II?LV~. 

rnoutll on llis special tlremes nlay co~lipel l i i~n  either 
to talk nonsense or to be silent. 

Whilst undertalring this taslr, I aln alive to the  
tlifliculties wllicli surronnd it, especially tlrose a r i s i ~ ~ g  
frorn the wide differences of opinion n~~roi ig i l  11;lleo-
botanists or1 sonre fundamental points. 0 1 1  F O I I I C  of 
the most inlporlant of these there is a substantial 
agreement between tlie Englisll ancl German paleon- 
t,ologists. The dissentients are chiefly, t11o11gll not 
entirely, to be found amongst those of F~.allce, 1~110 
Slave, in illy 111inible o p i ~ ~ i o n ,  been ruitluly influr~lced 
by mllat is in itself a noble motive ; viz , a s t r o ~ ~ g  I ev-
erence for l l ~ e  vielvs of their i l lus t r io~~s  teacl~cr, (Ire 
late Atlolphe Hrongniart. Sucll a t~ n:luiicy spealis 
well for their hearts; tllongli i t  may, in the-e cl:~ys of 
rapid scientific progress, serionsly iniJeac1 tlrcir ll(1ads. 
I shall, l~owever, endeavor to put before you f ; ~ i t l ~ -  
fully the views entertained by niy diu'ingaisl~ed 
French friends, 31. Renault, 31. Granrl-E~vg, ant1 t l ~ e  
Marquis of Saporta, giving, at  tlie sarne time, n.11at I 
deem to be good reasolls for not agreeing witti tllenl. 
I believe that many of our disagreenients arise from 
geological differences between the  Frencll carbonifer- 
ous strata and those in our ow11 islands. There are 
some iniportant types of carboniferous plants tha t  
appear to bemuch better representecl ainongst us than 
in France: hence we have, I believe, more abunda~~!  
inaterial than the French paleontologists possess, for 
arriving at  sound conclusions respecting these plants. 
\Ire have rich sources, snpplging specimens in mlrich 
the internal organization is preserved, in enstern 
Lancasllire and western Yorlrsllire, Arviiti, Burnt-
island, and other scatterecl localities: France has 
equally rich localities at  Antun ancl at  St. Etienne. 
Rut some important clifference exists between these 
localities. The 17rencll objects are preserved in an 
impracticable siliceous matrix, extremely troltble- 
sonie to work, except in specimens of small size: 
ours, on the other hand, are chiefly ernbedded in a 
calcareous material, which, ~ v l ~ i l s t  theit preserves 
objects in an exquisite manner, tloes not prevent our 
dissecting exa~llples of considerable inagnitncle. But, 
besides this, we are mncli richer in huge Lepidoden- 
droid and Sigillarian trees, with their Stigmarian 
roots, than the French are : hence we have a vast. 
mass of material ilh~strating the  liistory of these 
types of vegetation, in \vhich they seem to be serions- 
ly deficient. This fact alone appears to  me sufficient 
to account for many of the wide differences of opin- 
ion that  exist between us, respecting these trees. My 
second difficulty springs out of the inil~erfecl state of 
onr linowledge of tlre subject. One prominent canse 
of this imperfection lies in the state in vhich  our 
specimens are found. They are not only too fre-
quently fragmentary, but most of those fragments 
only present the external forms of the objects. Now, 
rrlere external forms of fossil plants are somewhat lilie 
siinilarities of sound in the comparative study of Ian- 
guages: they are too often unsafe guides. 011 the 
other hand, microscopic internal organizations it1 
the former snbjects are lilie grammatical indentities 
in the latter one: they indicate deep affinities that  
promise to guide the student safely to pl~ilosophical 
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, conclusions. But the connilon state in wlrich our 
fossil plants are prescrved presents a source of error 
that  is positive as well as negative. Nost of those 
from our coal-measures consist of inorganic shale, 
sandsto~ie,or ironstone, invested by a very thin layer 
of struct~ueless coal. Tlre surface of the inorganic 
snbstance is monlded into sonle special form, depend- 
ent upon structural peculiarities of the living plants; 
wliich structures were sonleti~nes external, some-
times internal, and sonretimes interiilerliate ones. 
Upon tllis illorganic cast we find the tliiri filni of 
strnctureless coal, ~vhich, tliougll of organic origin, 
is ],ractically as inorganic as the clay or sandstone 
mhicli i t  invests ; but its snrface displays specific 
sculpturings, whicli are apt to be regarded as always 
representing the outermost surface of the plant when 
living, ~vliereas this is not always the case. That the 
coaly filrn is a relic of the carbonaceous substalice of 
the living plant is unquestionable ; but the t l~innest  
of these filnls are often the sole remaining represeir- 
tatives of structures that  must originally liave been 
many inches, and in sorne inslances even many feet, 
in tliickrress. I n  such cases most of the organic ma- 
terial has been dissipated, and what little rernaiiis 
has often been consolidateii in such a way that i t  is 
merely nloulded upon the sculptured inorganic sub- 
stance wlrich it covers, and hence affords 110 infor-
mation respecting the exterior of the fossil wlien a 
livilrg organism. I t  is, in my opinion, from speci- 
mens like these, that  the smootll bark of the Calaniite 
llas been credited with a fluted surface, ancl the 
Trigonocarpons mith a merely triangular exterior and 
a niisleading name, as it long causetl the inorganic 
casts known as Sternbergiae to be deemed a strange 
form of plant, that had no representative amongst 
living types. I n  other cases the outermost surface 
of the bark is brought into close contact mith the 
surface of the vascular cylintler. I have a Stigrnaria 
in n h i c l ~  tlre bases of the rootlets appear to be planted 
directly upon that cylinder, the ~vliole of the thick 
intermediate bark liaving disappeared. I n  other ex- 
amples, tha t  vascolar zone has also gone. Thus the 
innermost and outc~~most  siufaces of a cylinder, origi- 
nally many inclres apart, are, through the disappear- 
ance of tlre intermecliate structures, brought into 
close approximation. In  sucll cases, leaves and other 
external nppenclagcs appear to spring directly from 
what is merely an inorganic cast of the interior of 
the pith. I believe that many of our Calarnites are 
in this condition. S L I C ~ ~examples have suggested 
tlre erroneous idea that  the characteristic longituili- 
11al f l ~ ~ t i n g s  belong to the exterior of the bark. 

Ii71tngi. -Eritering upon a more detailed review of 
our ltnomlcdge of the carboniferous plants, and corn-
me~icingat tlre bottom of tlie scale, we come to tlre 
lowly gt.01113 of tlie fungi, mliicli are unrluestionably 
reprcsent~:d by tlie Peronosporites antiquariusl of 
JVo~.t,l~ington There little reason for Smitli. seems 
dou1)ting that this is one of tlie pliyco~ngcetous fungi, 
possibly sornewllat allied to tile Saprolegnieae; but 
since me I~ave, as yet, no evidt~nce respecting its frncti- 
fication, thesc closer relationships must for the present 

1 Memoir xi. p. 299. 

remain undetermined. So far as I Irnov, t,l~is is the  
only fangns satisractorily proved to exist in tlie car- 
boniferous roclrs, unless tlie Excipulites Ncesii of 
Goeppert, and one or two allied forrns, belong to the  
fungoid group. The Polyporites Bo~v l r i an~~ i  is ~ul- .  
questionably a scale of a lioloptycllian fish. 

Algae. -Numerous objects snpposed to belong to  
this family have been discovered in mnch older roclis 
than carboniferous ones. The subject is a t l~orny 
one. That marine plants of some lcind must have 
existed simultaneously with the niolluscoas and otlrer 
plant-eating anirnals of paleozoic times, is obviously 
indisputable; but what those plants were,is anotller 
question. The widest differences of opinion exist 
in reference to niany of t,hern. A consiclerable nunr- 
ber of those recognized by Schimper, Saporta, and 
other paleobotanists, are declared by Natliorst to be 
merely inorganic tracks of marine animals; and, in 
the case of Inany of these, I have little doubt that  
tlle Swedislr geologist is right. Others have been 
shown to be imperfectly preserved fragments of 
plants of much higher organization than algae, 
branches of conifers even being included anlongst 
them. I Iiave, as yet, seen none of carboniferous age 
that coulcl be indisputably identified with the family 
of algae, though there are many that loolc like and 
may probably be such. The microscope alone can 
settle tlris question, thongll even this instrument 
fails to secure unity of opinion in t,lie case of Daw- 
son's Prototaxites; and no other of tile supposetl sea- 
weeds hitherto discovered have been sufficiently ~vell  
preserved to bear the microscopic test: hence I think 
that their existence in carboniferous roclis can only 
be regardetl as a n  unproven probability. Mere supel,- 
ficial reseniblances do not satisfy the sevcre demands 
of niodern science, and probabilities are an  irrsuffi- 
cient foundation upon nrhich to build evolutionary 
theories. 

Seeing what extreriiely delicate cell-structures urs 
preserved in the carboniferous bctls, it cannot appear 
other tllarr strange that the few imperfect fullgoid 
relics just referred to conslitute the only terrestrial 
cellular cryptogams that have been discovered in the 
carboniferous strata. The Darwinian doctrine would 
suggest that these lower forms of plant-life ought'to 
have a b o u ~ ~ d e d  in that primeval age; and that they 
were capable of being preserved is proved by the  
numeroils specimens nret with i n  tertiary deposits. 
Why we do not find such in tlrc paleozoic beds is 
still an unsolved problem. 

Vusczllar cryptoynms. -The vascular cryptogauis, 
nest  to be considered, burst upon us almost sudclerl- 
ly, and in rich l~rofusion, during tlie Devonian age. 
Tliey are equally silent in the Devonian a11d carbonif- 
erous strata as to their ancestral descent. 

Ferns.--The older tasono~nic literature of paleo- 
zoic fern-life is, ~vit l l  few exceptions, of little scien- 
tific value. lloolier and otliers have nttered iu vain 
wise protests against tlie system illat lias been pur- 
sued. Stnall fragnierits liave had generic and specific 
names assig~ied to them, wit11 supretile intlin'erence 
to  tlre study of niorplrological \.ariability amongst 
living types. Tlre unilifferentiated tip of a termiual 
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pin~iule has llad its special Ilalne, ~ ~ l i i l s t  111e Inore 
developed structures forming the lower part of a 
frond have snpplied tmo or three more species. 
Then the distinct forms of tlie fertile fronds nay 
liave furnislled aclclitional ones, whilst a further cause 
of confusion is seen in the wide difference existing 
between a young, half-developed seedling arid the 
sarne plant a t  an  advanced stage of its growth. Any 
one ~vlio has watched the development of a young 
Polypodium aureuril can appreciate this dift'erence. 
Yet, in tlie early stages of paleo~itological research, 
observers could scarcely have acted otlierwise than 
as they did, in assigning nariies to these fragments, 
if only for temporary working purposes. Our error 
lies in misuntlerstanding the true value of such 
names. >\t present the study of fossil ferris is afford- 
ing some prornise of a newer ant1 healthier condition. 
We are slowly leanling a little about tlie frnctifica- 
tiori of sorne species, and the internal organization 
of 	 others. Facts of these kinds, cautiously inter- 
preted, are surer guides lhan rilere external contours. 
Unforlunately, snch facts are, as yet, but few in 
number; and, when me have them, we are too often 
unable to identify our detached sporangia, stems, and 
petioles, with the fronds of the plants to which they 
primarily belonged. 

That  all the carboniferous plants included in the 
genera Pecopteris, Neuropteris, and Sphenopteris, are 
ferns, appears to be rnost probable; but wlmt the true 
aE11ilies of the objects inclt~ded in these ill-defined 
genera may be, isvery doubtful. Here and there we ob- 
tain glimpses of a more definite kind. That the Devo- 
nian Palaeopteris hibernicais an hymenopliyllous form 
appears to be allnost certain; and, on corresponding 
grounds,we may co~iclude that the carboniferousforms, 
Splier~opteris tricliomanoides, S. IIumboldtii~l and 
IIymenophylluu~ Weissii,Qelong to the same group. 
Tlle fructitication of the trso latter leaves little room 
for donblirig their position, whilst the foliageof sonie 
other species of Sphenopteris is suggeslivc of similar 
cor~clusions; but, until their fructification is discov- 
ered, this cannot be determined. An elegant form of 
Splienopteris (S. tenella, Brong. ; S. lanceolata of Gnt- 
bier), recently described by Mr. Icidson of Stirling, 
abui~rlantly 'justifies caution in dealing with these 
.Sphenopterides. This plant possesses a true sphe- 
noptcroitl foliage, but its fructification is that of a, 
rnarattiaceons dttnaicl. Tlie eporarigia are elongated 
vertically, and llnve tlie 1,ouud terminal aperture of 
both the recent nnd fossil Da~iaiae, -a group of plants 
far removcd from the liymenopliyllaceo~~s type of 
splienopterid already referred to. 

JVlietl~cror not this Splie~iopteris was really ~narat-  
t,inceous in ollicr features than in its fructificat.ion, is 
uriccrt.ain; but I lliinlr that me hare  inclisputably got 
s t en~s  and petioles of Xarnttiaceae from the cal.bo- 
niferoi~sstrata. Ny friend M, Hcnault, ancl I, mitllout 
being nma.re of tlie fact, sirnultaneously studied the 
hlednllosa elegaas of Colts. This plttnt was long 
regn~,tled as the stem of a true nlonocotyledon, - a  
,dc?cision tlie arcnracy of wliicl~ \vas doilbtcd fir>t by 
Brongniart, and after~va~.tls by Ui~lney. 31. Renault's 

1 Rehimper, vol. i.p. 405. "bid., p. 415. 

n~emoir, and niy part rii,, appeared almost sirnalta- 
neonsly. We then fo~und that we had alilre deter- 
mined the supposed monocotyledon to be not only a 
fern, but to belong to tlie peculiarly aberrt~nt grotlp 
of tlic Rlarattiaceae. As yet me lrnow notliing of its 
folingc and ftactific:ttion, 

&I.Gmrid-Eury has figureil a rernarltable series 
of ferris from the coal-measures of the basin of t l ~ r  
Loire, tlie sporangia of wliich eshi l~i t  marlied rcsem- 
blances to those of the Marattiaceae. This is espe- 
cially tlic case mith his specimens of Asterotlieca and 
S~olecopteris,~as also with his Pecopteris Marattiae- 
t l~eca,P. Angiotheca, and P. Danaeaetlieca; but there 
is some doubt as to the dehiscence of the sporangia 
of these plants: hence their marattiaceous character 
is not absolutely establishetl. 

That the coal-measures contain the rern:rins of ar-
borescent ferns has long been known, especially from 
their abundance at  Alltun. I n  Lancasliire I have 
only met with the stems or petioles of one species 
preserving their internal organization.3 The Rev. H. 
XI. Iliggins obtaineit stems that appear to have been 
tree-ferns froin I-tavenhead, in Lancashire; and i t  is  
probable that most of the plants incluileil in the gen- 
era Psaronins, Canlopteris, and Protopteris, are also 
tree-ferns. 

There yet remains another remarkable group of 
ferns, the spornngia of which are known to us through 
the researches of M. Renault. I n  these tlie fertile 
pinnules are more or less conipletely transmuted into 
small clusters of oblong sporangia. I n  one case, III. 
Renanlt believes that he has identified these organs 
with a stem or petiole of a type not uncommon a t  
Oldllam and Halifax, belo~lging to Corila's genus 
Zygopteris. Itenault has combined this with sorne 
others to constitute his group of BotrgopteridBes, an  
altogetlrcr extinct arid generalizecl type. This review 
shows, tlmt wl~ilst  forms identifiable wit11 the Hyme- 
~iophyllaceae antl Marattiaceae existed in tlie carbonif- 
erous epocli, and we find here ant1 there traces of 
affinities with sorne other rnore recent types, most 
of the carboniferous ferns are generalized primeval 
fornis, which only become (1ifferent.iated into later 
ones in t,he slolv progress of time. 

Eqzcisetnceue and Asteropl~~Eliteue(Bronyiziurt), 
fhlamctrine (Endl ichr~) ,Equisetinene (Sclzin~per). -
Confusion cuhninate~ in tlie history of this variously 
named group: hence the subject is a niost cliffict~lt 
one to treat in a. concise way. The confusion began 
when Brongniart separated the plants con ta i~ed  in  
the group into two divisions, one of ml~icli (Equisd- 
t a c h )  he identifieii with the living cqnisetnms, and 
tlie other (iist6rophyllit@es) he regarded as being 
gymnospermous dicotyledons. To  Scliirnper belongs 
tlie merit, as I believe i t  to be, of steadily resisting 
this division; nevertheless, paleobotanists are still 

1 Blore c:irbooif6rc do l)i-l>nrti~lrr~td r  In T,oil.c r t  du ccntro de 
l:1 	 Fr:111cr. 

I,oc. c i t . ,  tab. ~ i i i . ,  figs. 1-5. 
:. Pa:ironina Reilaultii, hlemoir vii., p .10;  and Mernoirxii., pl. 

iv., tip. 16. l'hche and othei. 6imil:lr references nre to my s e r i c ~  
of inernoils on the o~gm~iza l ion  of tlie f o s ~ i l  plants of tbc coal-
rnc:~s~irer;, transactions.pitblisl~cd in  tho k'hiloaol,hic:il 
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separated into two schools on the subject. Dawson, 
Renault, Grar~d-Eury, and Saporta adhere to the 
Bro~igniartian idea; whilst the Eritish and German 
p%leontologists have always adopted the opposite 
view, rejecting tlle idea that any of these plants 
weTe otlier than cryptogams. 

A fu~itlamental feature of the entire group is in 
the  fact tliat t l~e i r  foliar appendages, however mor- 
pl~olopicallyand physiologically modified, are armngecl 
i n  no~la l  vcrticils. This appears to  be the only cliar- 
actel.istic which the plants possess in common. 

C~tlamitesand Calamode~zdron.- I n  his ' Prodronle ' 
(18'2S), a11d in his later 'VBgBtaax fossiles,' Bron-
p i a r t  aclopted the former of these generic names as 
previouqly employed by Suclrow, Schlotheim, Stern- 
berg, and hrtis .  I t  was only in his 'Tableau des genres 
de vBgbtaux fossiles' (Dictionnaire universe1 d'his- 
toire naturelle, 1849) that lle divided the genus, intro- 
dncing t l ~ e  second name to represent what he believed 
to be the gymriospermons division of the group. A 
long series of investigations, extending over many 
years, has convinced me that no such gymnospermous 
type exi3ts.l The same conclusion has more recently 
been arrivecl at  by Vom c. &I.I).Star,'after studying 
Inany contillental e5z~mples in ~vhicll structure is 
preserved. JVhat I regard as ciia error appears to 
have had an  irltelligible origin, -the fertile source of 
s i~ni ls rerrors in other groups. 

Nearly all tlle Calamitean fossils found in shales 
and santlstones consist of an  inorganic, superficially 
fluted substance, coated over with a thin fi ln~ of 
structureless coal (see ' Iristoire des v6ge'taux fossiles,' 
vol. i. pl. 22); the lutter bein!! exactl?/ ?~~ozilded zip or^ 

cindfollowin!/ the otrfliizes oJ' the ino~ynnic fltited cast 
Ihcct ztnderlies it. Brongniart, and those who adopt 
liis views, believe that the external surface of tliis 
coal-film esactly represents the corresponding exter- 
nal s~trface of the  original plant: hencc the co~lclu- 
sion was arrived at, that  the plarit had a very large 
central fistular cavity, surrounded by a very thin layer 
of cellnlar and vascular tissues, as in some living 
eyuisetarns. On the other halid, Brongniart also 
obtained some specimens of what he primarily be- 
lieved Lo be Calarnites, in whicli the central pith was 
surrounded by a t11icB layer of woody tissue arranged 
in radiating laminated wedges, separated by ~nednl- 
lary rays. The exogenous structure of tliis ~voody 
zone mas too oljvious to escape his practised eye. 
13ot, not supposing it possible that any cryptogarn 
conld possess a ca~nbium-layer and an exogenous 
mode of development, Brongt~iart calrle to the con- 
clusion that  the thin-walled specimens found in  the 
shales and sandstones were true Eqnisetaceae, those 
with the thicli, woody cglinclers being Illere ex-
ogetis of another type. His conclusion that they 
were gym~~osprrrns awas purely llypotl~etical one, 
since justified by no one feature of their organiza- 
tion. 

I'ly researches, based upon a vast ~ iumber  of speci- 
mens of all sizes, from nlint~te twigs little Inore than 
the tl~irtietli of an iric11 in dialrieter to thick stenls 

1 	l l emoi r s  i., ix., and xii. 
%or moi.plioloqie der c:ilamarien. 

at  least thirteen inches across, led me to  the conclu- 
sion that we have but one type of calamite, and tha t  
the differences ~ v l ~ i c h  misled Brongniart are merely 
clue to variations i n  the mode of their preservatior1.l 
I t  became clear to me that  the  outer surface of the 
coaly film in tlie specirnens preserved in the shales 
and sandstones did not represent the outer surface- 
of the living plant, but was only a fractional relnriant 
of the carbon of that  plant, w l ~ i c l ~  had ~mdergone a 
coniplete metamorphosis. The greater part of what 
originally existed had disappeared, probably in a gas- 
eous state; and the little that  remained, displaying no 
organic structure, had been moulded zipon the under-
lying inorganic cast of the medullary caaitu. This 
cast is always fluted lo~lgitudinally, and constructed 
transversely at  intervals of varying lengths. Both 
these features were due to impressions made by tlie- 
organism upon the inorganic sand or mud filling t h e  
medullary cavity whilst it was in a plastic state, and 
~vhich  subsequently became niore or less Iiardened; 
the longitudinal grooves being caused by tlie pressure 
of the inner angles of tlie nunierous longitudiriallg 
vascular wedges, ancl the transverse ones partly by 
the  remains of a cellular noclnl diaphragm cvliich 
crossed the fistular medullary cavity, and partly by 
a centripetal encroachment of the vascular zone at8 
each of the same points." 

AIy cabiriets co~itain an  enorrnous number of sec-
tions of these plants, in which the minutest details of 
their ol.ganization are esrluisitely preserved. Tllese 
specimens, as already observed, show their structnre 
in every stage of their gromtli,-from the n i i ~ ~ n l e s t  
tvvigs, to stems Inore than a foot in diameter. Yet. 
these various esamples are all, without a solitary ex- 
ception, constructed upon one common plan. That  
plan is ar1 extremely complicated one, -far too conl- 
ples to 1naBe i t  in the sligl~test degree probable that 
it could co-exist in tmo such very tlifferent orders of 
plants as the Equisetaceae and the Gynlnospermae. 
Yet, though very comples, i t  is, even in Inany of its 
minuter details, unmistalrahly the plan upon ~ ~ h i c 1 1  
the living equisetums are constructed. The rcseru- 
blauces are too clear, as well as too rernarlrable, in rriy 
mind, to leave room for ally do~ tb t  on this point. 
The great differences are only such as necessarily 
resulted from the gradual at tain~nent of tlle arhores- 
cent form so unlilie tile lorvly 1lerb:rceous one of t l~e i r  
living representatives. On the otlier hand, no living 
gynlnosperm possesses an organization tliat in cfii!/ 

solilcf?y.feature resembles t,hat of the so-called Caln- 
modcnclra. The two have absolutely nothing in 
common: l ~ e r ~ c e  the conclusion tliat these Calmlio-
dendra mere gymnospermous plants is as arbitrary a11 
assumption as could possibly be forced upon scie~icc, 
-an assumption that no argurlients derived frorn the 
merely esternal aspects of structureless specin~erls 
could ever induce 111e to accept. 

These Calarnites exhibit a remarkable ~norpliologi- 
cal characteristic, ~~r l l ich  presents itsrlf to 11s 1it:re 
for the first tirne, but mliicll we shall find recurs in 
other paleozoic forms. Some of our French botani- 

Vclnoirs i.:mil ix. 

Sre 1Icmoir i.,111. xxiv., fig.10;  nn(1 pl. x s r i . ,  fig. 24. 
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cal friends group the various structures contained in 
plal~ts irtto several ' appareils,' 1 distinguished by the 
fniictions which those structures liave to perform. 
Amongst otliers, me find the 'appareil de soutiens,' 
embracirtg those hard, woocly tissues which may be 
regarded as tlie supporting slieleton of the plant, and 
the 'appareil conilucteur,' which M. van Tieghem 
describes as con~posed of two tissues, -" le tissu 
crib16 qui transporte essentiellelnent les matikrcs in- 
solubles, et le tissu vasculnire qui conduit I'eau et les 
substances dissoutec" Without discussing the scicn- 
tific limits of this definition, it suffices for my pres- 
ent purpose. I n  nearly all flowering plants these two 
' appareils ' are niore or less blended. The support- 
irlg wood-cells are intermingled in varying degrees 
n7itli the sap-conducting vessels. I t  is so, even in the 
lower gymnosperms; and in the higher ones these 
mood-cells almost entirely replace the vessels. I t  is 
altogether otherwise with t.he fossil cryptogams. The 
vascular cylinder in the interior of the Calar~lites, for 
example, consists nholly of ba?sred vessels, a slight 
modification of tlie scalariform type so colnriion in all 
cryptogams. No trace of the ' appareil de soutiens ' 
is to be found amongst them. The vessels are, in tho 
rnost definite sense, the  'appalSeils co~~ducteurs '  of 
tliese plants. No such absolutely undifferentiated 
linity of t i s u e  is to be Eonnd irl arty livi~tg plants 
otlier than cryptoganls. 

But t l~esc  Calaillites, when livirtg, towered high 
into the air. Aly friend and colleague, Professor Boyd 
Dawkius, recently assisted 111e in irleasuring olle 
fourtd in the roof of tlie lIoorside collierg, near Ash- 
ton-wider-Lyiie, by Mr. George Wild, tlle very intelli- 
gent manager of that and some neighboril~g collieries. 
The flattened specimen ran obliquely along the roof, 
eacli of its two extremities passing out of sight, b~u.17- 
ing tlle~rlselves in tlie opposite sides of tlie mine. Yet 
the portion wllicll nre measured was thirty feet long; 
its dianieter being six inches at  one end, ancl four 
iriclles and a half a t  the other. T l ~ cmean lengtll of 
its internodes at  its broader end mas three ixiclies, 
and a t  its narrower one an inch a l ~ d  a half. What 
the real tliickriess of this specirneii n-as wlien all its 
tissues were present, rve have no means of judging; 
but tlie true diameter of the cylinder represented by 
the fossil when unconipressed has been only four 
inches at one ci1c1 of tlle thirty fect, arid two inches 
ant1 a haif a t  t l ~ e  other. Whatever its entire diam- 
eter ~ rhe i i  living, tlic vascular cylincler of this stem 
must have bee11 at  once tall arid slender, and conse- 
qneiitly mnst have required some 'appareil de sou- 
t ien'  s11c1i as its exogenous vascnlar zone (lid not 
snpply. This was provided in a very early stage of 
growth by tlle introduction of a second cambi~un-
layer illto the bark; wliicli, though reminding us of 
the cork-cambium in ordinary exogenons stems, pro- 
duced, not cork, bnt prosenchyrnatons cells.2 I n  its 
youngest state, the barlr of tlie Calarnites was a very 
loose cellular parerlchgiria; but iri the older stems 
much of this parencllyma becanle e~iclosed in the pro- 
senchymatous tissue referred to, and which appears 

1 P a n  't'ieghem, Trait6 dc botaniqlie, p. 6iS. 
2 hlemoir ix., pi. xx., figs. 14, 16, 18, 19, and 20. 

to have constituted the greater portion of ttie ma- 
tured barlr. The sustaining slceleton of tlie plant, 
therefore, was a llollow cylinder, developed ceiit~tfu- 
gally on the inner side of an  enclosing cambinm-
zone. That this cambium-zone must have had some 
protective periderni external to it, is obvious; ba t  I 
have not yet discovered what it was lilre. We shall 
find a similar cortical provision for supporting lofty 
cl'gptogamous stems in the Lepidodendra aird Sigil- 
lariae. 

The carboniferous roclrs have furnished a large 
riuinber of plants having their foliage arranged in 
verticils, and which have had a variety of generic 
names assigned to them. Such are Asterophyllites, 
Sphenophyllum, Annularia, Becllera, Hippurites, and 
Schizoneura. Of these genera, Sphenophyllum is 
distinguished by the small number of its wedge-
shaped leaves ; :t~id tlie structure of its stems has been 
described by 31. Renault. Aniiularia is a peculiar 
form, in wl~ich tlie leaves formirlg eacli verticil, in- 
stead of being all planted a t  tlie sarne angle upoil tlle 
central stein, are flattriied obliquely iieal.ly in the 
plane of the stern itself. Asterophyllites differs froin 
Sphenophyllum chiefly in tlic larger number and in 
the linear forin of its leaves. Sornc stelris of this 
type have virtually the smne struct1u.e as t l~ose  of 
Spllenoplryllum, -a s1,ructure which differs widely 
from that of the Calamites, and of wliicli, cor~secjueiit- 
lg, tliese plants cannot constitnte the leaf-ilearing 
branclies. But there is little do~tbt  that true cala-
mitean branches have been inch~ded in tlie gerius 
Asteropliyllites. I have sl~eciineris, for ~rhic l i  I am 
indebted to Dr. Ilawson, which I s l~o~l l i luril~esitat-
iiigly liave desigilatecl Aste~,oplryllites but for rny 
friend's positire statement that he detached theln 
from sterns of a calan~ite. Of tlie internal orguniza- 
tion of the stems of the  other geilera named, me know 
nothing. 

I t  is a remarliable fact, that notwithstanding the 
number of your~g calanlitcan shoots tliat xxre linve ob- 
tained from Oldha111 ant1 Halifax, in \~,hich the struc- 
ture is preserved, we hare  not lriet with one \vitli tlle 
leaves attactled. Tliis is apparently clue to the fact 
tliat most of tlle sljecimeris are decorticated ones. 
Wo have a sufficient number of corticated specimens 
to sllo~v us what t l ~ e  bark was, but such speciinens 
are not common. 'I'llcy clonrly provc, hornever, that  
their bark had a si~looth, ant1 riot a furrowed, ester- 
nal surface. 

There yet renlait~s for coi~sideration the numerous 
reproductive strobili, generally regarded as belonging 
to plants of this class, Eqilisetinae. We fiiid sonie 
of tliese strobili arsociateil with sterris ant1 foliage of 
known types, as in Sp l i e t~ophy l lun~ ;~  but we linom 
nothing of the internal organizatioil of tliese splie- 
nophylloid strobili. We have strobili connected mit,h 
stems and foliage of Annularia,': but we are eclnally 
ignorant of the orgmiization of these. So far as that  

1 Memoir, part  v., pl, i.-v.; nlrd part ix., 111. xxi., fig. ::a. 

L e ~ q ~ ~ e r e u x , 
Co;ti f1ol.a of I'un~rsglv:iuin, 111. ii., fig.687. 

3 1'ebrr die frucljt:.ihrcn volr .\nnl~l:iria splio~royi~ylloidea. 
V o r ~T. Stcrzcl. Zoitscl~r ,d .  ~lcutnclif~ngeolog. ge~ri lscl laf t  . 
JaIlrx. 1892. 
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organization can be ascertairieil from Strrzel's speci- 
men, it seems to liave alternating sterile and fertile 
bracts, with the sporangia of the latter arranged in 
fo~lrs,as in Calamostacliys.~ On the other hand, me 
are now very familiar witli the structure of the Cala- 
mostacliys Binneana, the prevalent strobilus in the 
calcareous nodnles found in the lower coal-measures 
of Lancashire and Yorlishire. I t  has evidently been 
a sessile spilte, tlie axial stroctnres of which mere 
trimeroas 2 (rarely tetramerous), having a cellular 
medulla in its centre. Its appentlages were exact 
innltiples of those numbers. Of the plant to ~vhicli.it 
belonged we Bnow nothing. On tlie other hand, we 
have examples supposed to bc of the same genus, as 
C. l~aniculata%nd C. polystacliya,"inited to sterns 
with asterophyllitean leaves; but whether or riot these 
fruits have the organization of C. Binneana, we are 
unable to sny. . 

TVe are also acclnainted with the structure of the 
two fruits belonging to tlie gellera 13ruckmanniaj and 
V o l k m a n n i a . V h i s  isatter term lias long been verr 
vaguely applied. 

Tliere still remain the genera Stachannularia, 
Pal aeostacliya, &Iacrostachy a, Cingularia, Huttonia, 
and Cala~nitina, all of which liave the phyllomes of 
t,heir strobili fertile and sterile, arranged in verticils, 
and some of them display asteropliyllitean foliage. 
Bnt  these plants are only lmown from structureless 
impressions. That all these curious spore-bearing 
organisms have closc affinities with the large group 
of the eqnisetums cannot be regarded as certain; bnt 
several of them undoubtedly have peculiarities of 
structure suggestive of relations with the Calarnites. 
This is especially observable in the lo~igitudinal 
canals found in the central axis of each type, appar- 
ently identical with what 1 liave designated the in- 
ternodal canals of the Calamites.' Tile position and 
structure of their vascular bundles suggest the same 
relationship, whilst in many the position of the spo- 
rangia and sporaiigiophores is eminently equiseti- 
form. R e n a ~ ~ l t ' sBruckmainria Gra~rd-Euryi and B. 
Decaisnei, aiid a strobilns which I described in 1870," 
exl~ibit  tliese calamitean affinities very distinctly. 

One strobilus wliich I described in 1SSOkmust not 
be overlooked. As is well liiiomn, all the living forins 
of esqnisetaceous plants are isosporous. We only 
discover Iieterosporous vascular cryptogams amongst 
the Lycopotliaceae and the 12llizocarpae. My strobi- 
lus is identical, in every detailed feature of its organ- 
ization, with tlie c o l ~ l ~ i ~ o ~ i  Calamostachys Binneana, 

1 11. liclinuit Ilaa described a strobilos nn(1e1. tile narilu of + in-  
nulari i~ longifhiis, hut \ \~l i icl~ appears to ~iiu very distinct from 
t11:it gcnofi. 

It is an i n t e ~ c s t i n g t ~ c t ,  t11:ittrantiverse hrctiol~s of the rtrobili 
of I,ycopo(liun~ alpillurn exhibit a oiillilar tri~neroun arrange. 
mcnt, l i iougi~ differing \virielg in tile positions of its rporal~gia. 

"\'uian, Abh:~ndlunpc~lzur geologir;circn specinllmrtc \,on 
X'reusacn 11nd '1'Liiirin;1is<,lreii Stnutcn, tiif. siii., fix 1. 

"dent, tnf. xvi., figs. 1,2 .  
'. Iteiiaull. .\nnales die 8cienceb nnturolles. bot.. torllc iii... . . 

pi,  iii. 
0 I d a n ,  pl. ii. 7 Jlernoir i .  
6 Memoirs of tllc liternrg and pliiloaopllical aociety of Man- 

chestar. 3d surics. ro l .  i v .  o. 24,. 
Q hfainoir xi., pl. iir.. fig,<.2 1 ,  24. 

excepting that i t  is lleterosporous ;11aving microspores 
in its upper, arid macrospores i n  its lower part,-a 
state of things suggestive of some linB between the 
Eqnisptinae and the heterosporons Lycopodiaceae. 

Lycopodinceae. -This blanch of my subject strg- 
gests ~nemories of a long conflict, ~vliich, though it is 
virtually over, still l e a ~ e s  liere and there tile gronnd- 
swell of a stormy past. At  the ~rleetirig of the Brit- 
is11 association at  Liverpool, in 1S70,l first announced 
that a thick, secondary, exogenous growth of vascu-
lar tissne existed in the stems of many ca~boniferouv 
cryptogamic plants, especially in tlie cala~uitean and 
lepidotiendlo~d forms. B11t at  thdt timc the ideas 
of 11.Brongniart were so entirely i n  the ascendant, 
that  my notions were rejected by every botanist pres- 
ent. Though the illustrions French paleontologist 
1~1iewthat sucll growtlis existed in  Sigillariae and in 
what he designated Calamodendra, he concluded, tliat, 
defncto, suchplanfs could not be cryptogams. Time, 
however, ao11~s wonders. Evidence Elas gradually 
accumolatcd, proving, tliat, with the conspicuoui 
exception of tlie ferns, nearly every carboniferous 
cryptogam was capable of developing suc.11 [ones of 
secondary growth. The exceptional position of the 
ferns still appears to be as true as it was when I first 
proclaimed their exceptional cl~aracter at  Liverpool. 
A t  that  time I was mider the ilrlpression that  the 
secondary wood was only (leveloped in soch plants 
as attained to arboreal dimensions; bnt I soon after- 
wards discolered that  it occurred equally in many 
small plants like Sphenophyllum, Asteropliyllites, and 
other diminutive typcs. 

After thirteen years of perse~.eiiiig demonstration, 
these views, at  first so strongly opposed, have found 
alnlost uii~versal acceptance ; nevertheless, tliere still 
remain some few n h o  believe lhern to be erroneons 
ones. I n  tlie later stages of this diacnssion the 
botanical relations subsistirig between Lepidoden-
dron, Sigillaria, and Stigniaria, ha^ e been tlie chief 
themes of debate. I n  this c o u n t ~ y  we regard the  
coiidusio~i, tliat Stigmaria is not o i~ly  a root, but tlie 
root alike of Leyidodendrori and Sigillaria, as settled 
beyonil all ctispute. Nevertheless, M, Renault aiid 
31. Grand-Eury belleve that it is frequently a leaf- 
bearing rhizome, from which aerial stems are sent 
upwards. I am satisfied that there is not a shadow 
of foundation for such a belief. 't'llc same authors, 
along with their distinguished country~nan the 3Iar- 
rluis de Saporta, believe with Bronyriiart that  it i i  
yossible to separate Sigillaria widely from Lepido- 
dendron. They leave tlic latter plant amongst tlie 
lycopod.;, and elevate tlre former to tlie ranlr of :L 

gymnospermous ex0gc.n. I have in \&in  dernon- 
strated t l ~ e  existence of a large seriel of specimens 
of t l ~ e  sanie species of plant, young stntes of wl~ich  
display all tlie essential feat~urcs of structure wl~ich  
they believe to characterise Lrpido lendron ; whilst, 
in its progress to maturit j ,  every stage in the devel- 
ol>mcnt of the seco~~darv  wooil. reirarJed bv them * , , >  

as cliaractet~istic of a Sigillarin, can be followed step 
by step.l Nay, more. My citbinet contains speci- 
mens of yotuig clicliotorno~lsly l)r i~licl~i~lg twigs, 01) 

1 \li.moir I?., plates xlvii. -1ii 
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which one of tlie two diverging branches has only 
the centripetal c).lincler of the I,epidodendron, whilst 
the other has begun to develop the secondary wood 
of the Sigillaria.1 

The disting~lished botnnist of tlie Institnt, P11. van 
Tiegl~cm, has recently paitl some attention to the 
conclusions adopted by liis tlnee countrymen in this 
co~itroversy, and has made an  advancei~ r~por t an t  
11po11 tliose cot~clusions, ill what I believe to be the 
right direction. IIc recognizes the lycopodiaceous 
cl~aracter of tlie Sigill;~ri;te, a ~ ~ d  their close relations 
to  the Lepidotlendra;2 ancl he also acccpts my demon- 
str:ttion of the ~u~ipolar ,  and conseque~~tly lycopo-
diaceons, cliaracter of tlie fibro-vascular bundle of 
the  stigmarian rootlet, -a pecu1i;trity of structure of 
which AI. Renault has hitllerto denied the existence. 
But along with these rccog~iitiot~s of the accuracy of 
my conclusions, lie gives fresh currency to several of 
tile old error3 r e l a t i ~ ~ g  to parts of tlie subject to which 
lie has not yet give11 personal attention. Thus he  
co~lsitlers tliat the Sigillariae, tliotlgll closely allied 
to the Lepitlodendra, are distinguislied from them by 
possessing the power of developing tlie centrifugal or 
exogenous zone of vascular tissue already referred 
to. IIe cl~aracterizes the Lepidodendra as liavir~g 
' u n  seztl bois cenlrip'ete,' ~ lo t \v i t l i s ta~idig  the absoli~te 
de~norlstrntions to tlte contrary con ta i~~ed  in my Me-

moir xi. Dealing wiili the root of Xigilla~,ia, whicli in 

Great B r i t a i ~ ~ ,  
a t  least, is the well-known Stigmaria fi- 

coitles,follo\ving Ren:iult, he des ig~~ates  
it a 'rhizome,' 

limiting the term 'root' to what we des ig~~a te  
the 
rootlets. IIe says, "Le  rhizome des sigillaires a la 
n16me structure que la tige a6rietnle, avcc des bois 
pri~naires ta11t6t isole's $ la p6riphirie de la moelle, 
tantOt confluents a11 centre et en u n  a s  plein; seule- 
ment les fasceaux libdro-ligneus secoudnires y sont 
&parks par de p l ~  etc.larges rayons," 

Now, Stigmaria, being a root, and not a rhizome, 
eontniris 110 representative of the primary wood of 
the stern. Tliis latter is, as even 11.Urongniart so 
correctly pointed out long ago, the represelitative of 
the med~illary sheat l~;  ant1 tlie fibro-vascular bundles 
wl~icli it gives off are all foliar ones, as is tlie case 
mill1 the b ~ u ~ d l c s  given off by this slieatli in all es-  
ogenous q~lauts. Gut irl tlie Lepidodendra and Sigil- 
lariae, as ill all l ivi~ig esogens, i t  is not prolonged 
into tlie root. IIItlie latter, as ~nigli t  be expected 
a priori, we only find the secondary or exogenous 
vascular zone. I-Iaving probably the largest collection 
of seclior~s of Stigrnariae in tlle worlrl, I speak un- 
hesitatingly on these points. 11. van Tieglie~n further 
says, " L a  tige a6rie11ne part d'un rl~izorne rameus 
trbs-tldvelopl)6 11omm6 Stiynaria, sur leqriel s'insbl.ent 
ii la fois de petiles feuilles et  des racines parfois 
dicl1otom6cs." I have yet to see a solit:u-y fact justi- 
fy i l~gthe statement t l ~ a t  leaves are ir~termingled with 
the rootlets of Stigmatin. The stlitelnent rests upon 
a n  entire ~uisi~~terl~ret; lr ion of sections of the fibro- 
vascr~lar br~r~tlles supldying tliose ~.ootlets, ant1 an  
ignor:ince of t l ~ e  nature :ind positions of the rootlets 
tl~eniselves, A1or.e t l ~ a n  forty ycars have e1;ipscd 
sincc J o l ~ n  E(ldo\ves IZowrnan first dcmnnstrntetl that 

Xcmoir xi., pl. xlin., fig.8. "Traite rlc botaniquo, p. 304. 

the S t ig~r~a r i~ i e  were true roots; ar~el every subsecluent 
British stuiient has confirmed 13omman's accurate 
determir~ation. 

11.Lesquerenx informs Ine tliat his A~ t~e r i can  ex-
periences have convinced 1ii111 that Sigillaria is lyco- 
podiaceous. Dr. Dawson has iiom progressed so far 
in the same direction as to believe that  tliere exists 
a series of sigillarian forrns which link the  Lepido- 
dendra on the one hand with the gynlnospermous 
esogens on the other. As an e~olutionist ,  I am pre- 
pared to accept tlie possibility that such linlis may 
exist. They certainly do, so far as the ur.ion of 
Lepidodendron with S~gillaria is concerned. I have 
not yet seen any froni tlie higlier part of tlie chair1 
that are absolutely satisfactory to rue, but Dr. Daw- 
son tliinks t l ~ a t  lie has fourlcl such. I may adcl, tliat 
S c l i i n ~ p ~ rand the younger German school have always 
associated Sigillaria with tlie Lycopodiacene: but 
tliere are yet other points under discussiot~ connected 
wit11 these fossil lycopods, 

IT. Renault affirms that some forniv of Halonia 
are subterranean rhizomes, and the late Mr. Binncy 
believed that Haloniae were the roots of Lepido-
deudron. I am not acqnaintecl v i t h  a solitary fact 
justifying eitlier of these suppositions, and unliesi- 
tatingly reject them. We have the clearest evi- 
dence tliat some Haloniae, at  least, are true terminal, 
and, as I believe, strobilus-bearing, branches of vari- 
ous lepidodendroid plants; and I bee no reason 
whatever for separating Halonia regularis from those 
whose fruit-bearing character is absolutely deter- 
mined. I t s  branches, like the others, are covered 
throughout their entire circumference, and in the 
most regularly synimetrical manner, wit11 leaf-scars, 
-a feature wllolly incompatible wit11 the idea of the 
plant being either a root or a rhizome. 31. Renault 
has been partly led astray in this matter by misinter- 
preting a figure of a specimen publ~shed by the late 
I lr .  Ui~iney. That specimen being now in the mu- 
seum of Omens college, we are able to demonstrate 
that  it has none of the features mhicli 31. Renault 
assigns to it. 

Tlie large, round or oval, distichously arranged 
scars of Ulodendron 1 1 a ~  e lorig stiniulated discussion 
as to their nature. Tliis, too, is now a well-under- 
stood matter. Lindley and IIutton long ago sug- 
gested that they were scars whence cones had been 
detached,-a conclusion which was subsequently 
sustained by Dr. Dawson ancl Scl i i~nper ,~  ant1 which 
structural evidence led Ine alsg to support. The 
matter was set a t  rest by Mr. d'Arcy Tho~r~pson's dis-
covery of specimens mil11 the strobili i r ~siltc. Only 
a small central part of the conspicuous cicatrix char- 
acte~izingthe genus represented the area of organic 
union of the cone to tlie steni. Tlie greater part of 
that cicatrix has been covered with foliage, wl~icli, 
owing to the sliortriess of tlle cone-bear ing branch, 
was compressed by tlie base of tlie cone. The large 
size of Inany of these biacrial cicatrices on ole1 stems 
11as been due to the consider'~ble gr~\ \~Ll l  of the stem 
subscqoently to the f,lll of the cone. 

Our knowledge of the t e r ~ n i ~ l a l  thebranches of 
1 N c m o i ~i ~ . ,p. 222. 



large-ribbed Sigillariae is still very imperfect. Paleon-
tologists who have urged the separation of the Sigil- 
lariae from the Lepidodendra have attached weight to 
the difference between the longitudinally ridged and 
furrowed external bark of the for~ner  plants, along 
which ridges the leaf-scars are disposed in vertical 
lines, arid the diagonally arranged scars of Lepido- 
dendron. They have also dwelt upon the alleged 
absence of branches from the sigillarian stems. I 
think that  their mistake, so far as the branching is 
concerned, has arisen from their exp,ectation that 
the branches must necessarily have had tlle same 
vertically grooved appearance and longitudinal ar-
rangement of tlie leaf-scars as they observed in the 
more aged trunks:  hence they have probably seen 
the branches of Sigillariae without recopziziny them. 
Personally, I believe this to have been tlie case. I 
further entertain the belief, that  the transition from 
the verticccl phyllotaxis, or leaf-arrangement, of the  
sigillarian leaf-scars, to the dicrqonal one of tlie Lepi- 
dodendra, will ultimately be found to be effected 
through tlie subgenus Favula~,ia, in many of wliich 
tlie diagonal arrangement becomes quite as conspicu- 
ous as the vertical one. This is the case even in 
Brongniart's classic specimen of Sigillaria elegans, 
long tlie only fragment of that  genus known, which 
preserved its internal structure. Tlie fact is, t l ~ e  
vhape of the leaf-scars, as well as their prosimity to 
a c l i  other, underwent great changes as lepidoden- 
droid and sigillarian stems advanced from youth'to 
age. Thus  Presl's genus Bergeria was based on 
forms of lepidodendroid scars wllicll n-e now find 
on tlie terminal branches of unmistakable lepido-
dendra.1 The phyllotaxis of Sigillaria, of the type 
of S. occulata, passes by imperceptible gradations . 
into that of Favularia. I n  many young brwlches the 
leaves were densely crowded together; but tlie ex- 
ogenous devclopme~it of the interior of tlie stem, and 
its consequent growth both in length and tl~iclrness, 
pushed tliese scars apart a t  tlie same tinie that it in- 
creased their size and altered their shape. We see 
precisely the same effects produced upon the large 
fruit-scars of Ulodendron by the same causes. The 
carboniferous Iycopocls were mostly arborescent; but 
some few dwarf forms, apparently like the modern 
Selaginellae, have bee11 found in the S:tarbriiclien 
coal-fields. RIany, if not all, the arbol.escent forms 
produced secondary mood by means of a can~biurn- 
layer, as they increased in age. In  the case of some 
of thern,"tEiis was done in a very ruclimentary Innti- 
ner; nevertheless, sufficieutly so to demonstrate what 
is essential to the matter, viz., the existence of a 
cambiu~n-layer producirig ' centrifugal growth of sec- 
ondary vascular tissue.' 

As already pointed out in the case of the Calaixiites, 
the vascular axis of tllese Lepidodendra was purely 
an 'appareil conducleur,' unmixed ~v i th  any mootl- 
cells: hence the 'appareil de soutien' had, to be sup- 
plied clsewliere. This was done as in the Cala~nites: 
a. thick, persistent, liypoder~nal zone of meristem8 

I See Xiernoir xii., pl. xxxiv. 

2 E. g.  L. IIarcourtii,  AIemoir ix., pl. xlix., tig. 11. 

3 Memoir ix , ,  pl. xxv., iigs. 93, 94, 98, 99, 100, and  101. 
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developed a layer of -prismatic prosencl~yma of enor- 
mous thicBness,l which incased the softer structures 
in a strong cylinder of self-supporting tissue. We 
have positive evidence that  the fructification of many 
of these plants mas in the form of lieterosporous 
strobili. Whether or not such was the case with all 
the Lepidostrobi, we are yet unable to determine; 
but the incalculable myriads of their macrospores, 
seen in so many coals, afford clear evidence tltat the  
lleterosporous types must have preponderated vastly 
over all others. 

Gy~nnosperrns.-Our knowledge of this part of t he  
carboniferous vegetation has made great progress dur- 
ing the last thirty years. This progress began with 
my own discovery2 that all our British Dadosylons 
possessed what is termed a discoid pith, such as  
we see in the white jasmine, some of the ilnierican 
Ilickories, and several other plants. At the same time, 
I demonstrated that  most of our objects liitherto 
known as Artisias and Sternbcrgias were merely 
inorganic cast7 of tliese discoid medullary cavities. 
Further linowledge of this genus seems to suggest 
that  i t  was not otily the oldest of the true cor~ifers in 
point of time, but also one of the lowest of tlle conif- 
erous types. 

Cycads. -The combined labors of Grand-Eui y, 
Brongniart, and Renault, have revealed tlie uriespect- 
ed predominance in some localities of a prin~itibe but 
varied type of cycadean vegetation. Observers liabe 
long bee11 familiar with ce~.tain seeds l;no117n as Trig- 
onocarpons and Cardiocarpons, and with large leaves 
to which the riame of Noeggelathia mas given by 
Ste~nberg.  811 tliese seeds and leaves have beell 
tossed from family to family at the caprice of d~ffer -  
ent classifiers, but, in all cases, williout much kllowl- 
edge on whicli to base their detetminations. Tlie 
rich mass of material disinterled by 31. Grand-Eury 
at St. Etienne, and studied by Brongniart and $1. 
Renault, has thrown a flood of light upoil some of 
tllese objects, wliich nonr probe to be plinleval types 
of cycadean vegetation. 

Mr. Peach's dircovery of a specimen demonstrating 
that the Anthollthes Pitcairniae of Lindley and 
IIutton was not only, as these authors anticipated, 
' the  inflorescence of some plant,' but that  -its seeds 
mere the well-linonn Cardiocarpons, was the first link 
in an  important chain of new evidence. T l ~ e nfol-
lowed the rich discoveries at  St. Etienne, where 
profusion of seeds, displaying n,onderfully their itlter- 
na1 organization, mas brought to light by tile erlelgy 
of RI. Grand-Eury ; mliicll seeds &I.Brongniart soon 
pronounced to be cycadean. At the same time I 
n as obtaitiirig many s im~lar  seeds from Oltlliam arid 
Bnrntlsl,md, 111 which, also, tlle minute orgaiiiza-

1 l\lemoir xi., 111. xlviii., Jig. 4 fj"; Memoir ii., pl. s s i x  , fig. 
12 k ;  htcnioir iii., pi. xliii., fig. li. 

"On tire s t ructure and afli11itic.s of the plants Iritlrcrto kllornn a s  
Stcrnbergis~s. Alcmoirs of tile 1itrl.ary and philosopl~ical society 
of AIanchcster, 1851, 11. Itennnlt, irr itis Strllcturc con1pnri.e d e  
quclqucs tigcs ile la flo1.e cnrbonifilrr, 11. 285, ha6 c-rroneou~ly nt-
triboteil ilris discove1.y to 1Ir .  I)rt\r.es. i~lclu~li l rg my illustration 
from the jnslninc and j o r l ; ~ i ~ e .N r .  I)nrvep' csgl;~rration ma6 a 
vel'y (Iiifcrcnt one. 

., Fomil f lu rn ,  11. 82. 
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tion was preserved. Dawson, Newberry, and Lcs- 
cluereux liave also shown that inany species of similar 
seecls, thougll with no traces of internal structure, 
occur in the coal-measures of Nortti Atnerica. 

Equally important was the further di3covery by 31. 
Grand-Eury, that  the A~ltholithes, with their cardi- 
ocarpoid seeds, were but one form of the tnonocli- 
nous catlcin-like inflorescei~ces of the Noeggeratl~iae, 
now better Itnow11 by Uliger's name of Cordaites. 
These ir~vestigations suggest some important con-
clusions. lo.The vast number and variety of t l~ese  
cycaclean seeds, as well as the enormous size of sorne 
of them, are remarl<ablc, showing the existence of an  
abundant and important carboniferons vegetation, 
of most of wliicl~ no trace has yet beer1 discovered 
otlier than these isolated seeds. aO. Most of the 
seecls exhibit the morphological peculiarity of llaving 
a large cavity (tlie 'cavit6 polliniqnc' of 13rongt1iart) 
between the upper e r ~ d  of the ~iucelle and its invest- 
ing epispernz, and iinniediately below the micropile 
of the seed. That this cavity was destined to l a v e  
tlie pollen-grains elrawti into it, and be thus brouglit 
iiito direct connection with tlie apes of tlle aucelle, is 
shown by tlic various examples in mhicll sucli grains 
arc still fourid in that cauity.1 30. M. Grancl-Eury 
11assllorv11 that  soine of his forms of Cordaites pas-
sessccl tlle discoid or St,ernbergiar pitli wliicll I 11ad 
previously foll11d in Dadoxylon. iiild, lastly, t l~ese  
Cordaitcs prove that a diclit~ous form of vegetation 
existed at this early period in tlie history of the flom- 
eririg plants, but whether in :I monoecious or a dioc- 
cions for111 we l~ave  as yet no mealrs of tleterrnil~ing. 
Tlleir rep~oiluctive strnctures differ widely from the 
trne cones borne by most cycads at the present day. 

CrrnL&rs. - I t  has Iollg bceu remarlietl that few r e d  
cones of conifers have hil l~erto been foul14 in t l ~ c  
carboniferous rocks, and I doubt if any such 11ave 
yet been rnet with. Large clnantities of t l ~ e  woody 
stems now linowrl as D:t~losylo~is have been founcl, 
both it1 Europe and America. Tl~ese  stems prcsct~t 
a true coriiferotis structure, bot,ll in tile pitli, rnedal- 
lary, sheatli-wood, and barli .VThe ~vood presents 
one very peculiar feature: its foliar bundles, tliough 
ill Inost otlier respects exactly like those of ordinary 
conifers, are given off, not si~iply, but it1 pairs." 
have only fourid this ilrrallgcmeilt of donble foliar 
bundles in the Cliiiiese gingko (Salisl~uria adiitliti- 
folia).& This fact is not u n i m p o r t ~ ~ i t  ~vlreli conrtectc:d 
wit11 anotllcr one. Sir Joseph Hooker 1011g ago ex- 
pressed his opinion tha t  the ~vell-lir~own Trigono-
carpotis3 of tlic coal-nieasures were the seeds of a 
conifer ~ l l ie i l  to this Salisburi3. Tlie abuud:~nce 
of tlie fmgments of Dadoxylon, combi~~ed  with the 
readiness with wl~ich cones a l ~ d  seeds :ire preserved in 
a fossil state, malies it probable that the fruits beloiig- 
ing to tlieso woody stenis ~vould be so preserved; but 
of cones me firld no trace, and, as we tliscover no 

Moinoir viii., pi. ii., Jigs. 70 and 52 .  13rongoiart, Rccberches 
8ur les g n ~ i n e s  fossiics silicifi6cs, 111. xvi., figs. 1 ,  2 ;  pi. xs.,J i g ,  2 .  

W r .  1)nwson finds the discoid pit11 in one of the l iv ing Cnna. 
&an conifcra. 

:> hlemoir viii., 111. lviii., fig. 48: and pl. i s . ,  tiss. 44-46. 
hlemoir s i i . ,  111. xsxiii., tigs. 28, 23. 
Afelnoir vlii , tiqi. $14-115. 

otlier plant in t l ~ e  carboniferous strata to which the  
Trigonoc:\rpo~ls cotkld with ally probability have be- 
l o ~ ~ g c d ,t11e.e fttcts afford grounds for associatilig 
the111 wit11 tlie Dadoxylons. Tllese coinbiized reasons 
-viz., the structure of the stems with their character- 
istic folinr bundles, and the ginglio-lilre character of 
the secdv -suggelt the probability that  these Dadoxy- 
lons, the carliest of 1;nomn conifers, belongecL to the  
Taxineae, the lo~vest of these coniferous types, and 
of whicli tlie living Salisburia lnay perhaps be re- 
gardetl as tlie lcast atlvanced form. 

Tl l l~s  far our attention has beell directed only to  
plants wliow affi~tities liave been ascertained n~itl i  
sitcli n degrcc of probability as to n~alre them avail- 
able mit~resscs, so far as they go, when the questiorl 
of vegetable erolutiolz is sub judice. But there re- 
mait1 otllcrs, m ~ d  lwobably equally important ones, 
respecting wliicli we have yet lnucll to learn. 111 

most cases we liave only inet with detached portions 
of tllcsc pla~bts, such as stems or reproductive struc- 
tures, wliicli me are nnahle to co~lllect with their other 
orgnrls. The ~iiittrlte tissues of these plants are pre- 
served in an esqnisitc degree of perfection: hence w e  
a7.c able to nffirtu, tlirtt, wllatever they may be, they 
differ wi~lcly ft,om every type that  we are acquaintccl 
with amongst l i r i ~ ~ g  The exogenous sterns or oires, 
brancl~es fruiii Oldlimn and I-Ialifax wliicli I described 
nntler tllc tiame of Bst ro inyel~i i ,~  and of which a much 
fuller desc~iplion will be found in my forthcoming 
AIemoir sii., belong to a plant of this description. 
The remarltable co~lfor~nation of its bark obviously 
indicates a plant of more or less aquatic habits, since 
i t  closely resembles those of ~ l ~ ~ r i o p h g l l u m ,  Marsilea, 
arid a nutz~ber of ot,lier aquatic plants belonging to r-a- 
rious classes. But its general fcatures supgest nearer 
affinities to the Iihtter genus than to ally other. Ail-
o t l~e r  very cltarncte~.istic stem is tlie Heteraiigium 
Gricvii,Qonly fouitd ill any quantity at Burntislantl, 
bnt of \vllicli wc have recently obtained one or two 
sulall specimens at Halifax. This plant displays an 
ab~uic1,nlt snpply of primary, isolated, vascular bun- 
dles, sii~,rounded by a very feeble development of 
secondary vasculn~ tissue. Still Inore remarkable is 
the rJygi~ioileii~lron stem not urlcorn- Oltll~ami~im,% 
rnon a t  Oltllinul, and not ~u~frequent lyfound at  
Halifax. U ~ ~ l i l t c  its primary vas- tlie r l e t r r ang i~~m,  
c111ar elements are feeble, but its tendency to develop 
secontlary zyl r~n is very cliamcte~islic of the platit. 
An  eqnally pccl~liar f e a t ~ ~ r e  is seen in the outermost 
1;lyer of its cellnlar bark, \vl~icli is penetrated by in- 
n ~ ~ ~ n e r a b l elotigituiliiial lan~inae of prosencl~y~natous 
tissue, wllicl~ is ari~anged in l~recisely the same may 
as is the liaril bast in tlie li~ile and similar trees, 
affording mlother example of the introduction into 
tlte outerbarlr of tlle ' appareil de sontien.' As ~ i l i g l~ t  
ha re  been anticipnted froin this addition to tlie barli, 
this plant attainecl a rboresce~~t  dirnensions, very large 

Ncrnoir is.,in  wl~ ichI o n l ~described decorticnted syeci- 
rncus. 1Iea.r~. C ~ L P ~ I  l i ~ i k  described a rpccirncn in \r.hicl~I I D ~  

tlir: peciiliixr bnrk was prcscrve<l rillder tllc lrnlne of ~Istronryelon 
T\rilli:~~nsonis. See L'roceedings of the yororBsliire polytechnic so- 
ciety, YO]. vii. gnrtiv., 1881. 

11nn1oir iii. Ibi17. 
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fragments of saiidstor~e casts of the e ~ t e r i o r  surface 
of the ha1lr1 being very abu~idarit in most of tlie Ieail- 
ing English coal-fields. Corda also figured it2 from 
Badi~ilz,  confountling it, llowcver, witli his lepido- 
rlendroitl Sagenaria fusiformis, ~vitli which it l1a3 no 
true affinity. Of the smaller pl.~nts of wliicl~ we 
lanow the s t rnc tu~e,  but not the sjstcrnatic posilion, 
I may mention tlie beautiful little I<alosyloiis.3 \Ve 
ha>e also obtained a rernarlrable series of small 
spherical bodies, to which 1have given the provis- 
ional generic rlarne of Sporocarpon.' Tlreir eslern:~l 
wall is ~nulticellular: hence they cannot be spores. 
Becornirig filled with free cells, ~v l~ ic l i  display various 
stages of developnlent as they advance to niaturity, 
we niay infer that  tliey aic reproductive st~nctures.  
Dr. Dawson informs me t l ~ a t  he lias recently obtained 
some similar bodies, also con ta in i~~g  cells, from the 
D e ~ o n i a nbeds of North and Soul11 America. Except 
in calling attention to some sllgllt resemblance esist- 
inq between my objects and the sporangiocarps of 
P~lnlaria," have formed no opinion respecting tlieir 
nature. Dr. Dawson has pointed out tliat his spcci- 
mens, also, arc si~ggestivc of relati0115 with tlie Ill~izo- 
carpae. 

I am unwilling to close this address \vithout mak- 
ing brief reference to the bearing of our subject up- 
on the qnestion of evolution. Various attcmpls liave 
been made to coristruct a ge~lealogical tree of the 
vegetable kingdom. Tliat tlie cryptogarns and tlie 
gyrnnosperriis ~ n a d e  their appearance, and continued 
to flourish oil this earth, long prior to tlie appearance 
of the moi~ocotyledonous and dicotyledonous flow- 
ering plants, is, a t  all events, a co~lclusion justi- 
fied by our present knowledge, so far as it goes. 
Every one of the supposed palms, aroids, and otlier 
monocotyledons, lias now been ejected from tlle lists 
of carboniferous plants, and the Devonian rocks are 
equally devoid of them. The generic relations of 
the carboniferous vegetation to the higher flowering 
plants found in the newer strata have no liglit tlirown 
upon them by tliese paleo~oic forms. Tliese latter 
do afford us a few plausible l~ in t s  respecting some of 
their cryptogamic and gyn~~iosper~nous  descendants, 
and we l i r l o ~  tliat the immediate ancestors of many 
of them flourislled during the U e ~ o n i a n  age; but l l c ~ e  
ou r  knowledge practically cease\. Of their still older 
genealogies, scarcely any records re~nain.  TVlien the 
registries disappeared, not only liad tlie grandest 
forms of cryptogamic life that  ever lived attained 
.their highest development, but e \en  tile yet rriore 
lordly gymnosperins had become a nridely diffascd 
and flonri~liing race. If tliere is any truth in the 
doctrine of evolution, and especially if long periods 
of time \rere necessary for a worlil-wide dereloprnent 
of lower into liigller races, a terrestrial vegetation 
must have existed during a vast sr~ccession of epocliq, 
ere the noble lycopods began their prolonged career. 
Long prior to tlie carboniferous age tliey I i  ~d t ~ o t  only 
made tliis beginning, but during lliat age t l ~ e y  had 
diffused tllenrselves over the enlire earth. \Ve find 

1 Mernoir ir., pl. sxvii. "lorn drr vorvelt, tab. 0, fig. 4. 
Memoir 7ii. 4 ix., X.~ICIIIO~TR 


5 hlrrnoir ix., p. 348. 


them equxlly in tlie old wol.ltl and in  tlie new. We 
discover Ll~em from amitl tlie ice-clad rocks of Bear 
Island arid Spitzbergen to Brazil and New South 
Wales. U ~ ~ l o s swe are prepared to concede that tliey 
xvere simult;~neously developed nt tliese rernote cen- 
tres, me n111.st recogi~ize tlie incalci~lable anlount of 
time requisite to spreatl the111 tltus from tlieir birth- 
place, mliere\~er tlint may llave been, to tlic e i ~ d s  of 
t l ~ e  earth. IVliatevcr riiay liave been the case with 
tlie soutl~ern liemisphere, we have also clear cvitlence 
that  ill the nortliet~n one nlucli of tliis wide distribu- 
tion niust have bceti xccon~l~lielletl prior to the Devo- 
11iar1 age. IVIiat 11:~s become of this pre-Devonian 
flora? Some contend that tlle lower cel11il;u for~ns  
of plant-life were not preservetl, because tlieir delicate 
tissues mere inc,zp;tble of prescrration. But wliy 
sliould this be tlie case? Sucli plants are abr~ndant- 
ly preservetl in tettiary strata: \rliy not erlually in 
paleozoic ones? Tlie e s p l a n a t i o ~ ~  surely be niust 
souglit, not ill their illcapability of being preserved, 
but it1 tllc operation of otliel. causes. But the 
carboniferous rocli3 tliro\v ariotlier irnpedi~nent in 
the way of constructors of tliese genealogical trees. 
TVllilst carbo~iiferous plants are found a t  Il~uidreds of 
separate localities, widely tlistrib~~terl over tlie globe, 
the iiuniber of spots a t  wllicli tliese plirrits are fourid 
di$pliiyitig any ir~teriial structure is est~,ernely few. 
It would be tIifEc~tlt to enrtrnerate a score of sr~cll 
spots; yet eacli of those f;~voretl localities has re-
vealed to us forms of plant-life of rvliicl~ tlie ordina- 
ry pla~it-beari~rg s11:ile~ and sandstones of tlie saltie 
localities slio\v no traces. I t  seems, tl~erefore, t l ~ a t ,  
wllilst there was a general reseinblnnce in !lie Inore 
colmpicuous forms of carbo~liferous vegetation from 
the arctic circle to llie estrernities of the sontliern 
hemispllere, each locality 11:ttl special forms tliat 
flourislietl iri i t  eitller esclusively, or at  least abun- 
dantly, \vllilst rare elsewliere. I t  would be easy, did 
tinle allow, to give many proofs of t l ~ e  t r u t l ~  of tliis 
state~uenl.  Ouresperienccs a t  O!dham and lIalifas, 
a t  Ari.ar~ ant1 13urntislarli1, at  St. Etienne ant1 A ~ i t u n ,  
tell us tliat sucll iu the case. If tliese few spots mliicli 
adinit of bei~ig searclied by t,lle ail1 of tlie niicroscope 
have recently ~evealed  so many I~itherto I I I I ~ I I O W I I  

trcasares, is it 1iot fail. to conclutle tliat corresponding 
riorel~ies wor111l have bee11 furnislied by all tlie other 
plarit-produeit~g localities, if tlicse p1:lnls 'liatl been 
preserved in a state capable of being si~~iilarly inves-
tigated? I have no tloubt about this matter: hence 
I co~iclr~dethat t l~e re  is a vast va~,iety of carbonif- 
erous p1:lr~ts of mbiclk we liare as yet seen no traces, 
but every one of whicl~ must l~avc  played sorile part, 
Ilowercr I~umblt:, in tile clevelop~ne~il of the plant 
races of later ages. llTe can o~l ly  11ope tliat t i ~ n e  will 
bring these now 11itlden \ \ . i t~~esscs into t l ~ e  hands of 
f ~ t t ~ i r e  IIean\vl~ile, though far froin paleontologists. 
wisliir~g to cl~eck t l ~ e  const1.11ction of ally legitinlate 
llypotl~rsis calculatetl . t o  aid scientific ii~quiry,I 
monltl rcnlilltl (:very too i~r i i l ) i l io~~s  stu(lcn1 tli;tt there 
is a 1i:~ste tli:~t retards ratlier tllan prolnotes progress, 
that arouses opposition rather t l ~ a n  produces co~rvic- 
lion, aud tliat inj~tres t l ~ e  cause of scie~ice by dis- 
cretliti~igit$ advoci~tes. 


