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THE iIfESOZOIC FLORA O F  POlZTUGriL COX-
PARED Tf7TII THAT O F  THE U.LI~IT'ED 

Sl'A TES. 

HISTORICAL IiOTICE. 

THE earliest studies in the Mesozoic de- 
posits of Portugal seem to hare been made 
by Nr. Daniel Sharpc, ~vlio read a paper 
before the Geological Society of London on 
April 11, 1832, describing certain beds in  
t i e  vicinity of Lisbon and Oporto; in the 
former of which were included strata re-

ferred by him to the Oolite. On the 9th 
aild 23d of Jannary, 1839, lie presented a 
seconcl paper describing more fully the sec- 
ondary formatiolls in the vicinity of Lisbon.* 
On nor em be^ 21, 1849, Mr. Sliarpe read 
still a third paper before the same societyJr 
of a mnc]l more exten(le(1 nature an(1 
T-otecl entirely to tile secondary formation. 
In this paper is a full list of all the fossils 
known down to tliat date carefully cleter- 
mined by Rlr. John Norris. Inclncled in 
tliese was a single fossil plant regarclecl by 
Mr. illorris as a variety of a species of the 
Yorkshire Oolite callccl by Phillips Gycadites 
gramillelis. .It was founcl a t  Cape Blondego, 
and from this circumstance was given the 
~rarictal name i l h i n d ~ .  As Mr. BIorris're- 
ferred Pllillips' plant to the genus Zamites, 
the Portuguese plant was made to bear tllc 
naine Zui)l i fes  graininelis var. 1 1 f z i i ~ d ~ ~ .  

I n  1858 Sr. Charles Ribeiro published a 
series of elaborate papers on the Geology of 
Portugal,$ treating chiefly of tlic Carbon- 
iferous; but in two of tlicses he considers 
the Lias and Oolite, mentioning the plant 
above referred to from Cape Nondego and 

'Gcol. Soc. Loncl., PIoc., Vol. I., p. 393 ; T'ol. II., 
p. 	31 ;Tmns., 2d Ser., Vol. TI.,p. ll5ff. 

t Quart. Joltrn. Geol. Soc. Loll(?., Vol. TI., pp. 1%-
201. 

$ fife~n. Aca47. Renl. Sci. dc Li,sboa, Nev  Ser., Tol. 
11. ' 

2 Jfiila (1e Caredo t7c Pe(Era (10 Cftlio Xondego, (lo dis- 
tricfo de Lciria; op. cit., P t .  II., Third and Fourth 
AIemoirs (these memoirs are separately paged). 



four otlier species from this and otlier local- 
it,ies. 

JIeailtime other collections were being 
made, and in lSSO 31. Paul Clloffat pnb- 
lislled a somewllat elaborate report on the 
geology of the Jurassic of Por tugal  in ~vllich 
the fossil plants were co~lsidereil as far as 
available. Tlle collections were sent by 
Clioffat to Professor Oswald Heer, a11d a 
preliminary report u~pon them Tvas received 
in time to be insertecl as an Addendtulin. 
Heer's full report appeared a year latert and 
constitntes the first important contribution 
to the Mesozoic flora of Portugal. I t  also 
includes a large number of Tertiary plants. 
The liorizons are lierc regarded as embra-
cing : first,, the Rliet,ic ;second, the Jurassic, 
snbdivided into Lias, Oolite or Dogger, and 
Upper Jurassic or Malm; and third, the 
Cretaceous, whicll was largely compared 
wit,li the Tlrealden of other part,s of Europe. 
Heer founcl in tllese collections 5 Rhetic, 
1s Jurassic, ancl 23 Cretaceous forms. Tlle 
Cretaceous plants consisted clliefly of ferns, 
cycads and conifers, bnt two of them were 
referred to the monocotyleclons. No traces 
of clicotyledons were cliscovered. 
11. Choffat continued liis inrestig a t,' 1011s 

and after IIeer's deatli sent the plant,-im- 
pressions to the Marquis Saporta a t  Aix; 
tlle latter was greatly interestbed in them 
and published tliree preliminary reports.$ 
What  specially attracted him was the pres- 
ence of certain peculiar forms from tliis 
Lonrer Cret,aceous liorizon that he regarded 
as prototypes of the existing dicotyledonons 

+ki!irtdesfrnfigrnphiqveet Pnl&onfologiq~(e(7es ferrnins 
Jtirnssig~tesdz~Portltgal. Premiere livraison. Le Lins 
et le Dogger nu Nord dn Tnge. Sectior~ des travnus 
gbologiques du Portugral, Lisbonne, 1880. 

t Cn~~tr ibut ionsil In jiorc fossile dl[ Portugal 21nr le 
Dr. Osn nld Heer. Section des tmvaus gfologiques 
du Portugrnl, Lisbonne, 1881. 

j: Con~pfcs  R c ] ~ ? t l s  Acac7. Sci. de Parois, Vol. CVI., 
May 28, 1888, pp. 1500-1501 ; CXI., December 1, 
1890, pp. 812-815 ; CXIII., Augnst 3, 1891, pp. 249- 
253. 

flora. KO clicotyleclons hail thus far beell 
reported from ally Lowor Cretaceous deposit 
in Europe, and it had loilg been supposed 
that the Ccilo~llania~l was the earliest liorizon 
a t  which tliis type cxistecl. Tlie selreral in- 
stalilleilts embraced in tlicse papers I\-ere 
from llorizoils in the Cretaceous, some of 
which vere  tlie same as those containing 
llle plants ilescribed by Heer, while pt,llers 
wcrc considerably liiglier. They contained 
a number of very ren~arkable fonns, and the 
Narquis could not doubt that tliey rcprc- 
sented ancestral dicotyledons. Tlie full re- 
port upon tllese int,cresting collections lias 
been waited for with great impat,ience, espe- 
cially by American geologists familiar witli 
our Potomac formation, in n-llicll tlle case is 
so nearly parallele(1. In  fact tlie present 
writer, 1ia.i.ing learned tlirougli con.cspond- 
ence wit11 the Marquis tllat largc collections 
were in llis hancls, ailcl not knowing how 
soon his report woulcl nppear, n7as so cle-
sirous of learning more in regard to them 
that while in Europe during the past sum- 
mer, by previous arrangement wit11 lliin 
ancl a t  his urgent request, lle paid a visit to 
tlie veteran paleobotanist a t  Air;, in the 
Soutli of France, and tllrougll llis cxt,reme 
courtesy was not only p~rinit~ted to examine 
tliese collections, but enjoyecl the great favor 
of discussing witli him a large number of 
the most interesting qnest,ions to which they 
give rise. I t  was tllen t l ~ a t  110 learned that 
the final report was already in press and 
~vouldsoon appear, ancl proof sheets of the 
text and plates were the11 in the possession 
of the author, so that it was possible to es- 
anline the worli in inlmeiliate conilection 
with the specimens. This work has now 
appeared<- and copies of i t  are in the 
liands of American geologists; but i t  may 

* Flore fossilc du Porltrgal. N o u ~elles contributions 
h la flore RIbsozoique par le IInrclnis Snl~orta. Ac-
compzgnbes d' une notice stmtigmphique par Paul 
Choffat. (Avec 40 planches. ) Direction des tramnx 
gEologiqnes du Poitngrnl, Lisboinie, 1694. 
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as well be stated here that although a large 
and voluminous report containing 280 
quarto pages and 39 plates, it still comes far 
short of covering the material that is now 
in the author's hands. Tho collections were 
sent to him in instalments almost every year 
and are still arriving, but i t  was necessary 
to fix some limit to the publication, which 
was closed a t  a certain date and the work 
sent to press, since which time other col- 
lections have been received, which were also 
carefully examined on that occasion a t  the 
Chateau of Fonscolombe, the country resi- 
dence of the Marquis, 16 kilometers north 
of Aix, and upon which he was a t  the time 
actively engaged. These will be reported 
upon in a subsequent memoir. The re-
markable parallelism between the plant 
bearing deposits of the west coast of Portugal 
and those of the eastern part of the United 
States, and ospecially between the Lower 
Cretaceous of Portugal and our Potomac 
formation, gives an especial interest to this 
memoir. 

THE JURASSIC FLORA. 

INAmerica there is a decided time hiatus 
between the lowest Potomac beds and the 
next plant bearing horizon below, which is 
now regarded as belonging to the extreme 
Upper Triassic and as about the equivalent 
of the Keuper deposits of Lnnz, in Austria.* 
I n  Portugal, on the contrary, there appear 
to be no plant bearing horizons in the Trias 
proper, but in the Jurassic, which is ab- 
sent in this country, a considerable num- 
ber of such deposits have been found. M. 
Choffat, who prepared the geological part of 
this memoir, follows as closely as possible 
the nomenclature of the French geologists, 
and i t  is found that plant bearing horizons 
occur in the Infralias, part of which may 
be as low as the Rhetic, and some of which 
is referred to the Sinemurian ; in the Lias ; 
in several of the properly Oolitic beds 

"See Bull. Geol. Soc. Am., Vol. 111,1891, p. 31. 

(Toarcian, Bajocian, Callovian, etc.); in 
several members of the Corallian ; in the 
Kimmeridgian, and in the Portlandian. 
The Jurassic deposits of Portugal consist of 
sandstones and limestones, the former pre- 
dominating below; and while all of them 
may not be of marine origin, so large a part 
is fossiliferous that by the aid of the careful 
stratigraphical investigations of the Portu- 
guese geologist i t  is possible to fix the posi- 
tion of the plant beds with relation to 
those holding animal remains, a fact which 
is of the utmost importance in deter-
mining the validity of the evidence of 
fossil plants in such countries as Amer- 
ica, where, for the most part, no such guide 
exists. 

The Jurassic flora of Portugal, as em- 
braced in the present memoir and in that  
of Heer already mentioned, consists of 122 
species, of which 22 are Infralias, 1Lias, 8 
Oolite, 8 Corallian and 88 Kimmeridgian. 
It is subdivided into 6 Algze, 6 Equiseta, 
70 ferns, 7 Cycads, 24 Conifers and 9 Mo- 
nocotyledons. Of the ferns, which so largely 
predominate, 27 species belong to the genus 
Sphenopteris, 8 to Cladophlebis, 8 to Scler- 
opteris, and 4 each to Pecopteris and Hyme- 
nophyllites. Of the conifers, which come 
next in importance, 5 belong to Pagiophyl- 
lum, 4 to Brachyphyllum, and 3 to Thuyites. 
The cycads belong to the two genera Podo- 
zamites and Otozamites. Seven of the Mo- 
nocotyledons consist of small blades and 
culms of grasses, grouped under the genus 
Poacites. 

A comparison of this Jurassic flora with 
that of the American Trias reveals the fact 
that while only 3 species, Cheirolepis Miin-
steri, Pagiophyllunz peregrinzcm and Palissycc 
Brownii, are common to the two, there are 
14 genera that occur in both. I n  the num- 
ber of species the two floras as now know11 
are almost equal, that of the American 
Trias numbering 119, while that of the Por- 
tuguese Jurassic numbers 122. I t  is there- 
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fore important to note in wllat proportions 
tllesc 14 genera occnr in tlie two floras: 

GESERA CO3IBIOS TO A3lCRICAh' TBIAS A S D  JU-

RASSIC OF PORTUGAL. 

KUIIBER OF SPECIES. 
GEh'ERA. 

ABIERICAS JURASSIC OF 
TRIAS. PORTUGAL.I 

Fhiera .. . . . . . . 
Brac1i~-pl~yllum. . . 
Cl~eirolepis. . . : . 
Chondrites . . . . : 
ClarloplileT~is. . . . 
Clnthrppteris . : . . ..Erluiset~un. . . . . 
Otozmnitcs . . . . . 
~ ~ , ~ O ~ ~ ~ Y ~ I I I I I I, : , 
~ayissya.. . . . ; . 
Pecopteris . . . . . 
Podoznmites . ; . . 
Schizonenra . : . : . 
Toltzia . . . . . . . 

IVlien nre consider tliat the two liorizons 
do not a t  all overlap ancl that more tlian 
tllree-fo~wtlisof tlle Portuguese plants come 
from t,lle uppermost members of tlie Juras- 
sic, i t  is not to be expected that tlle corre- 
spondence will be very close; and nccord- 
iilgly we not only miss in the Portuguese 
flora some of tlie largest American genera, 
such as Acrostichites, Ctenol~l~yll~um, ancl 
Pterophyllum, but also some of the most 
striking and abundant forms, silcli as Nacro- 
t~niopteris ,  1~11ilc on the other hand no 
lnonocotyledons occur in the American 
Trias so far as known, and the two largest 
genera of ferns in tlle Portuguese Jurassic, 
Splienopteris and Scleropteris, are entirely 
wanting in tlie American !bias. 

TIIE CRETACEOUS FLORA. 

THC Cretaceous flora of Portugal lias 
much greater interest for the student of 
American paleobotany tlian the Jurassic 
flora, which lias just been considered. 
First, because, as  now knonn, i t  is consid- 
erably larger, numbefing 199 species, but 
cliicfly because we have in America a large 
n~unber of plant bearing deposits that cor- 
respond so closely wit11 those of Portugal 
that a comparison may be legitimately 

made that f~~rnislles It isvaluable results. 
true that our American Lower Cretaceons 
flora has now been so extensively worked 
that it has assumed relatively large propor- 
tions, numbering, so far as known, over 
SO0 species. The Potomac formation alone 
furnishes no less than 737. The interest is 
still f~lrtlier lleiglitened by tlie fact that in 
the Lower Cretaceous of both Portugal and 
America, the plant bearing beds occnr a t  a 
number of distinct llorizons, wllicll may not 
~vitllont profit be directly comparecl in the 
t ~ - ocountries. For example, the Potomac 

- formation now fllrnislles a t  least five distinct 
liorizoi~s from whicll fossil plants liave been 
obtained, tlle lo~vest being tliat of tlie James 
River, ~ ~ ~ l l i c h  may extend as low as the top 
of the Jurassic. The nest lligller is that so 
~ ~ ~ c l lknonm a t  Fredericksburg, Virginia, 
and other points on tlie Rappallannock and 
Potomac Xivers. The third is tlie Mount 
TTernon clays ~vllicli directly overlie the 
last ilalnecl and have f~wnislied n clistinct 
flora. Tlie fo~wth is well dereloped in the 
vicinity of Aclnia Creek, tlie plant bearing 
beds near Brooke, Virginia. The fifth is 
nndoubtedly much higher, ancl there appears 
to be a considerable tliickness of non-fossil- 
iferous cleposits intervening betn-een tlie 
last named and those plant bearing beds 
that hare been discoverecl on the eastern 
side of the District of Columbia and a t  
other points near TTTashington, on the 
Seven1 River, and on the Eastern Sliore of' 
tlie Chesapeake Bay, vllicli llare furnislied a 
flora substantially identical with tliat of 
the Amboy clays on tlie Raritan River and 
of Staten Island, Long Island ancl Nar-
thas Vineyard, as well as of tlle Tnscaloosa 
formation of Alabama. 

The Lower Cretaceous of Portugal is sub- 
dividecl into a very similar series of plant 
bearing deposits. One locality, TTnlle-de- 
Bronco, is referred by Clioffat to tlle In-  
fravalanginian, wliicll is at  tlie very base of 
tlie Neocomian and corresponds \\-ell \\-it11 



our James River series. An importaiit 
plant bearing locality between Natta ancl 
Valle-de-Lobos is regarded as TTalanginian 
or Neocomian. I t  may be compared with 
the F~*cclcricksbnrg beds of the Potomac 
formation. The bcds of Almargcm, nrhich 
h a ~ eft~nlished many species, overlie tlie 
recognized Urgonian and probably belong 
to tlie upper portion of' that subdivision, 
or possibly to tlie base of the nest 
one called by the Frencli geologists tlie 
Aptian. It corresponds quite closely with 
tlie Kome beds of Greenland and may be 
compared with tlie JIonnt Vernon clays of 
the Potolriac formation, tliongh it is probably 
higher. Tlien there is a series of beds in 
the ~ i c in i ty  of Torres-TTedras, viz., a t  S. 
Sebastigo, Qninta-(la-Fonte-Kova, Forca; 
Quinta-(10-Cliafariz, Portella-cia-Villa, etc., 
and another series in tlie vicinity of Cercal 
and Zambujeiro, wliicli are classed as Aptian, 
between which and tlie last nained there is 
a considerable interval, including marine 
deposits belonging to the Urgonian. Cer-
tain other beds, as a t  Caixaria and Caran- 
gnejeira, are less definitcly fixed geologic- 
ally, but probably belong to about the same 
horizon. The Aptian of tlle Frcncll geolo- 
gists lies between tlie Urgonian belo-w and 
tlie Albian above, :und corresponds in tlie 
main with the lower Greensand of England. 
I t  may be comparecl vitll tliose deposits of 
the Potoinac formation ricar Aqnia Crcek 
callccl the Brooke beds by Professor Fon- 
taine, m-l~ich have yieldccl a large nu~nber of 
fossil plants, including sucli well-marked 
dicotyledolls as Cclastropliyllnm and Sapin- 
clophyllum . 

Above hhese bcds tllcre is an abundant 
plant locality a t  Buarcos, wliicli is classcd 
as Albian, and still higher others a t  Kaza- 
retli, Alcal~ede and Monsanto, also regarded 
a s  Albian, but as belonging to that upper- 
most member callecl TTraconnian. Tlie Al- 
bian corresl~onds in a general way with the 
Gault and is the uppermost section of tlie 

Lower Cretaceous, the overlying beds being 
Cenomanian, wliicli is the lowest subdivision 
of the Upper Cretaceous. These Nbian 
plant bearing beds ]nay be rongllly compared 
with wliat lias beell called in America tlie 
Amboy clays, but wl~icli lias. recently been 
more correctly named by Professor William 
B. Clark tlie Raritan formation. I n  A~ncr-  
ica, as in Portugal, this deposit may also be 
divided into two parts, a lo~vcr ancl an upper, 
the former consisting of tlie beds along the 
Raritan, wliicli tllen~selvcs have n consider-
able tliickncss ancl slio~v marked clianges in 
tlie flora, nrllilc to tlie latter belong the dc- 
posits on Stateii Island, Long Island and 
hfartha's Vineyarcl, ~ ~ h i c l ihave yielded 
large collcctions chiefly from indurated no- 
dules formed in red clay. 

Finally, in  tho Valley of Alcantara, a t  
Paclro, Pombal ancl 'TTilla-TTerdc-c1e-Tentu-
gal, there are plant bearing bcc1s.belonging 
to the Cenomanian. It is possible that theso 
latter may not bc higher tlian tliose of Long 
Island ancl Gay Eeacl. 

Tlie floras of the several liorizons in the 
Lower Cretaceous of Portugal diffcr less i11 
their abundance than tliose of the Jurassic; 
the largest is that of the Valanginian, 
amounting to 86 spccies or over 43 per cent.; 
the Urgonian has yielded only 25 species or 
12 per cent., tlie Aptian 42 species or a little 
more tlian 21 per cent., tlie LOTT-er Albian 
68  spccics or over 25 per cent., and the Up- 
per Albian or 'TTraconnian 28 species or 14 
per cent. Tlie striking coincidence of the 
parallclis~nbctwccn these horizons and tliose 
of the ~ o t o m a c  formation in America is still 
further heiglitened by tllc circumstance, ac- 
cidental perhaps, that  the numerical yro- 
portion existing between the species now 
known a t  the corrosponclilig horizons in 
America is very nearly the same. TheBasal 
Potomac, corresponding to tlle Vraconnian, 
has yielded 320 species or a little over 44 
per cent.; the Mount TTernon clays, which 
were comparccl nrith tlie Urgonian, 42 species 
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or somewllat less tlian G per cent.; the Aquia 
Creek beds, corrcsponcling to tllc Aptian, 137 
species or rather more than 1s per cent.; 
the Raritan beds ancl their cqui~alcnts, com-
pared to the lo~ver Albian, 264 species or 
nearly 36 per bent.; and the uppermost beds 
of 3Iartllas Trineyard, Long Island ancl 
Statcn Island, ~ ~ l i i c l i  may be called the 
Island Scrics and compared to thc Vraconni- 
an, 133 spccics or 18 pcr cent. These rcsnlts 
may be pnt in the following tabnlar form : 

L O X E R  CRETACEOUS OF POT03IdC rORAIATIOS OF 
PORTUGAL. TIIE UXITED STATES. 

P E R  

vmconnian . . . 1 14 / Islalld series . . , 1 18. 
Loner Albian . . 29 Anlbo3- C l a ~ s ,  . 36 

Aqnia Creek 
Aptian . . . . . ( ~ ~ ~ ~ l ; ~ )1821 serieu. 
Urgonian . . . . 12 AIt. Vernon C l a ~ s .  G 

Jarnes and Rappa- 
Neocomian .' . . . 43 llannock Series . I 44 

I t  will be remembered that tlle 3Ionnt 
Vernon clays have been vcry little (level- 
oped as yet, and when this florula is thor- 
oughly known i t  will probably fully equal 
that of the Almargern beds of Portugal, rel- 
atively to tllc total Potolnac flora. 

Taking the Cretaceous florn of Portugal 
a s  a wholc, exclnsivc of the Cenomanian, i t  
is found to consist of 4 algre, 1 spccics of 
Isoetcs, 3 of ~ y c o ~ o d i t e s ,  1 of Equisetnm, 
80 of ferns, 15 of cycrtds, 26 of conifers, 4 of 
allonialons types, classed by the anthor nn- 
dcr t2hc lleacl of Proangiosperms, 18 of mo- 
nocotyledons, 41 of clicotylcclons, and 6 of 
forms of uncertain aflinity. 

It will be secn that as in the Jurassic, so 
in the Cretaceous tlle ferns predominate ; 
and of these, 32 specics belong to the gcnns 
Sphenoptcris and 10 to Cladoplllcbis; '7 of 
tlie cycads belong to tllc genns Podozamites, 
alld 3 to Glossozamites. Tllc conifcrs are 
much more evenly distributed, tllcre being 
4 species of Br,zch~pl~yllnm, and 3 each of 
Sphenolepiclinm and Thnyites, while a large 

nnmbcr of gcnera hare only one oi. two 
species ; among these are Abietitcs, Baicra, 
Cllcirolepis, Frenclopsis, Pagiopl~yllum, 
Pal~ocyparis,  Palreolcpis, ' Sequoia and 
TT'iddringtonitcs. Tlle gcncrn referred to 
t'lle Proangiosperms arc Changamiera, Eo- 
lirion, lruccites, Dclgadopsis and Protor-
hipis, sonic of wliicll will require special 
mention ft~rther on. Ealf of tllc monocot- 
ylcclons consist of grass-like objects referred 
topoacit'es, some of mllicli he classcs under 
the Proangiosl~erms, and others as  true mo- 
nocotyledons. The dicotylcdonons flora is 
here ~vcll developed, but most of thc forms 
occur in the Albian. Scvcn species are rcfcr- 
rcd to a ncwr genns, Protcopllyllum, a narlle 
too near ProtopIiylI~m of Lesqocreox, and 
Prote~pllyllum of Fontaine, but the forms 
are different from both these ;4 to thc ncw 
genns Dicotylophyllnm, ancl 3 each to 
E n c a l ~ ~ t n salld Salix. 

In  comparing tllc Cretaceous flora of 
Portugal with that of America i t  is true 
that  we only find ,z few species that  are 
common to the two countries, really only 
fire, as  follows : 

Pecopteris Brauniana Dnnk. 
Sphenolepiclinm Kurriannln (Dunk.) 

Heer. 
Sphenolcpidium Sternbergiannm (Dunk.) 

Hcer. 
Spllcnoptclis Nantclli Brongn. 
Sphenoptcris valclensis Hecr, 

the last of n~llich only occ11rs ilonbtf~~lly in 
the Trinity of Texas. 

Adcl to tllcse Sepzloir szlbtllatcr, of wllich a 
rery near variety Iztsitci~~ica, llas been found 
in the Portugncse beds. 

TTTe sllould not, of conrse, cxpect the 
species to bc common to any grcat extent, 
ancl the colnparisoll is practically limited to 
tlie genera. Lookecl a t  from this point of 
riew, we see that the rcscmblance is indeed 
close, a great number of the important 
genera o c c ~ ~ r r i i ~ g  There are in both floras. 
no less tlian 4G of thesc common to tlie two, 
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though in some cases the author's indi- 
viduality is probably alone responsible for 
slight differences of termination in the 
names. For example, forms referred to 
Baiera by one would be referred to Baieri- 
opsis by the other, and so with Ctenis and 
Ctenidium, Myrsine and Myrsinophyllum, 
Oleandra and Oleandridium, Salix and 
Saliciphyllum, Thuya and Thuyitcs, etc. 

Many of these genera, when we consider 
the difference in the size of the two floras, 
occur in both countries in nearly the same 
proportion. For example, of Aralia we 
have in Portugal 2 species, in America 11; of 
Brachyphyllum, in Portugal 4, in America 
9 ;  of Cladophlebis, in Portugal 10, in 
America 25 ; of Frenelopsis, in Portugal 2, 
in America 6 ; of Laurus, in Portugal 2, in 
America 8 ;  of Myrica, in Portugal 2, in 
America 11; of Podozamites, in Portugal 
7, in America 15 ; of Sphenolepidium, in 
Portugal 3, in America 9, etc. There are, 
of course, some cases in which the propor- 
tion is not the same. Thus, only one species 
of Magnolia occurs in the Portuguese beds, 
while in America we have 12, and on the 
.other hand the largest Portuguese genus, 
Sphenopteris, represented there by 32 
species, counts in America only 8 species. 
But here i t  may be supposed that the true 
representative in America of the Sphenop- 
teris type of Portugal is really that exceed- 
ingly abundant genus Thyrsopteris, which 
numbers 40 species in the American beds. 
This would restore the relative proportions. 
On the whole, then, i t  may be considered 
that the Lower Cretaceous flora of Portu- 
gal is botanically speaking a very close rep- 
etition of that of America; and in view 
of the fact that in both countries a number 
of distinct horizons showing the progressive 
change in the flora throughout that period 
have yielded fossil plants in such a way 
that each of these florules may also be com- 
pared, the interest in the subject is almost 
fascinating. 

ARCHETYPAL ANGIOSPERDIS. 

SPACEwill only permit the consideration 
of one other important aspect, viz., a com-
parison of the dicotyledonous forms in the 
two countries, together with those ancestral 
types which the Marquis Saporta regards as  
prophetic of that great group of plants. 
This last question may be considered first. 
He  finds among the specimens certain 
forms which he refers to the genus Protor- 
hipis of Andrze. This genus was founded 
in 1855 upon some remarkable forms from 
the Lias of Steierdorf in Banat, Hungary," 
which Andrze regarded as a fern and placed 
under the Pecopterideze. H e  compares i t  
with Jeanpaulia, which has since been 
proved identical with Baiera and correctly 
referred to the Coniferze; also to Cyclop- 
teris, Comptopteris, Diplodictyum, and 
Thaumatopteris, among fossils, and to  
Platycerium, among living ferns. 

When I first saw the figure of his Pro-
torl~ipisBuqhii, I had grave doubts of its 
being a fern and fully believed that it rep-
resented some higher type of vegetation. I 
am,therefore, not surprised that the Marquis 
Saporta has arrived a t  the same conclusion, 
and am highly gratified that he has had 
the courage to give i t  publicity, notwith- 
standing the fact that Schimper, Schenk, 
Heer and Nathorst have all been content to 
regard i t  as  a fern of the type of Drynaria, 
Platycerium, Allogorus, Clathropteris and 
the other living and fossil forms already 
mentioned. 

I n  1865 Zigno discovered another species, 
which, however, differs in a marked man- 
ner from the original of Andrze, having the 
margin entire. It is a small, deeply kidney- 
shaped leaf resembling that of some species 
of Asarum and was named P. asar~olia. 
This comes from the Oolite of Italy.? 

*Lias-Flora yon Steierdorf im Banate, by C. J. 
Andre, Abhandl. geol. Reichsanst., Vol. II., Abth. 
3, No. 4, 1855, pp. 35-36, pl. viii., fig. 1. 

t F1. Foss. Form. Oolithics, Vol. I, 1865, p. 180, 
pl. ix., fig. 2, 2a. 
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The forms clescribed by Nathorst in 
1878,:v thougl~ much smaller are othcrn~ise 
similar to P. Bzichii, and Kathorst a t  first 
l~roposccl to refer one of them to that spe- 
cies, but later conclnded that i t  was dis-
tinct ancl made two species, P. iilztegrifolin. 
ancl P. crenutcr. 

I n  1880 Heer describecl anotlier small 
cordate form from the Oolite of Siberia. It 
is similar to Zigno's species and was nained 
P.~.e~zifor~ni,c.tTwo jTears latcr, however, 
Ile found another similar form in the Kome 
bcds, Urgonian, wllicll ,is rather cordate 
than reniform and n-liich he callecl P. cor-
dntc1.f Both these forms liave the margin 
entire. 

Saporta in this work llas revised a11 these 
.forms .and comes to the conclusion that 
they cannot be ferns, ancl altllough the 
original P. Btichii and both of Nathorst's 
species so closely resemble dicotyledonous 
leaves and arc somewhat comparable in 
nerration to Creclneria ancl some fossil T i -  
burnums, as well as to such living genera as 
Glechoma and Chrysosplenium, still he hcs- 
itatcs to class tllcm in t,llat gronp. H e  has 
carefully refigurccl both of Nathorst's speci- 
mens, and also one that Natllorst figured 
witllout naming but regarded as probably 
a monocotyleclon, but wllicll Sapomta con- 
siclcrs to belong to tlle same tj91c and calls 
P. iiTutl~orstii. And tllese he carefully com- 
pares n-ith the Portuguese form wllich he 
names P.Cliqfati, ancl classes the mrhole in 
special gronp which he long ago created and 
denominated tlle Proangiospemls, as repre- 
senting tlle forerunners of both tlle mono- 
cotyledons a ~ d  clicotyleclons. Tlle Portn- 
gucse species comes from Cercal, which 
Choffat places in tlie Aptian; i t  is t,llerefore 
probably somewllat higher tllail the Kome 

"F1. Bjuf. Heft 1, p. 42 ;Heft 2, p. 57, pl. is., 
.figs.2, 4. 

t F1. Foss. Arct., Vol. VI., Abt11. 1, Pt.1, p. 8, 
pl. 1, fig.4a. 

$Ibid., Abtli. 2, p. 11, pl. iii, fig. 11. 

beds of Greeilland from whicll Ecer dc-
rives one of his species ; all tlie otl~crs, of 
course, are of far more ancient origin, riz., 
Jurassic, and i t  is not to be wondered a t  
that  no one should have ventured to refer 
them to any moclern type. 

Of the other four genera refcrrccl to this 
gronp, viz., Changrniera, Tnccites, Delga- 
dopsis ancl Eolirion, the first two come 
from the TTalanginian (Ncocomian) of S. 
SebatiBo, the third from the Aptiail of Cer- 
cal, ancl the last from tllc Albian of Bnar- 
cos. They all seem to be ancestral mono- 
cotj~ledons. Delgadol~sis o c c ~ ~ r s  in two 
forms: first, as a sort of cnlm or broad stri- 
ate stem; ancl secondly, in tlle form of a 
jointed ~.hizome, the swollen joints emitting 
innumerable rootlets, \vllicll, when absent, 
leave peculiar scars. 

Gliqfatin I;i.n71cheti, rcgardecl by the author 
as a dicotyleclon, is also n very remarlcable 
plant, and has been aptly compared by him 
to certain cnpl~orbiaccons forms, such as 
Pl~yllantl~ns. It also rcscmbles some 
species of Enpllorbia. It seems to be a 
floating aquatic, and specimens with the 
fibrous roots occur in tlle collection. I11 

somc of tllcse descending fibers occnpy one 
side of the stem or rachis, wllile the floating 
or aerial leaves occupy the other. 

Upon tllc whole, i t  cannot be said that any 
of these higher types, found below tlle 
Albian, and corresponcling in age to our micl- 
dle ancl olcler Potomac, very closely resemble 
the plants of tllc same general class from 
the American beds of that agc, and yet there 
arc certain Potomac forms referred by Pro- 
fessor Fontaine to 3lenispermites, Heilerre- 
phyllum, Proterephylluin and Popnlopllyl- 
lnm, n-hose areolate nerration somcwllat re- 
semblcs that of Protorhil~is Chqfati. The 
new genus Dicotylophyllum, of wl~icll he 
finds four spccies in the Aptian of Cercal, 
ancl wl~ich he very properly regards as a 
trne dicotyleclon, some~vllat resembles tlle 
Protorhipis, but lacks tlle peculiar nreolate 



nervation. These leaves are all qnite small, 
but show a somewhat distinct midrib, and 
usuafly 2 4  lateral primaries. I n  form they 
recall some species of Vitis or Cissities, and 
D. cercijorme, while not resembling Cercis, 
as  the specific name would imply, has many 
of the characteristics of Hedera. It may be 
roughly compared with Professor Fontaine7s 
Vitiphyllum from the Potomac of Baltimore, 
and except in size D. hederaceum and D. 
corrugatuvz are fairly comparable with Pop- 
ulophyllzcm renifome (cf. F1. Pot., pl. clvi., 
f. 3 ) .  

I n  the Albian beds of Buarcos, and es- 
pecially in the Vraconnian of Nazareth, we 
begin to find some of the higher types. 
But the genus Proteophyllum has still a 
very ancient appearance with a more or 
less areolate nervation. I t  is a narrowly 
lobed leaf, remotely recalling in its general 
form some species of Dewalquea. I t  may 
be possible to trace this form into his Aralia 
calomorpha from the same beds. His Adoxa 
prceatavia is a very peculiar plant, which 
also reminds one of Vitiphyllum Font., al- 
though none of the species of the latter gc- 
nus which show the branching character 
have yet been figured. His Braseniopsis ve-
n~~losahas some of the characteristics of 
Protophyllum of Lesquercux, but is usually 
smaller and always entirc; the nervation is 
also different, except a t  the base of the leaf, 
which has a large expansion below the sum- 
mit of the petiole, as  in Protophyllum. 
Myrsinophyllum revisendum will doubtles have 
to be revised. I t  is much like Potomac 
forms that have been referred to Myrica (e. 
g. ,  M. brookensis) and Celastrophyllum. It 
is entirely different from the Myrsine bore- 
alis of Hecr, which, with two other species, 
occur in the Amboy clays and Tuscaloosa 
formation. His Geraniurn lucidurn is an  ex- 
ceedingly definite and handsome form, but 
i t  is hard to separate i t  generically from his 
Cissites sinuosus, and all of thcsc seem to bc 
analogous to our Vitiphyllum. His Menis- 

permites cercidifolius, though much smaller, 
is not unlike Professor Fontaine's M. Vir- 
giniensis, especially the smaller forms which 
I have found in the &It. Vernon clays. His 
Aralia proxima can scarcely be distinguished 
from M. Wellingtoniana of the Dakota group, 
more common in the Newer Potomac. 

I t  is only in the Nazaseth beds (Vracon- 
nian) that we find the typical Amboy Clay 
flora. Here we have the Eucalyptus, 
Laurus (Laurophyllum), Sdix, Myrsino- 
phyllum, Sapindophyllum, etc., some of 
which are probably specifically identical 
with forms described by Newberry, and it 
is altogether probable that  if the post-
humous work of Dr. Newberry, now in 
press, had been in the hands of the present 
author a large number of the species would 
have been identified with American forms. 

I will only notice one other significant 
fact. I n  the Cenomanian beds which over- 
lie these last, as i t  would seem unconform- 
ably, but which may not be so widely 
separated from them as has been supposed, 
there occurs a large elongated leaf which 
the Marquis has called Chondrophyton lace- 
ratum. It agrees only in its finer nervation 
with C. dissecturn Sap. and Mar., the only 
other species.'# I t  has a very delicate 
nervation with small polygonal meshes, and 
an entirc paryphodrome margin, but the 
remarkable fact is that i t  seems to have a 
deeply rctuse summit. It is evident that 
from the specimen the author was unable 
to make this latter out with certainty ; but 
he has drawn the marginal lines so as dis- 
tinctly to indicate it .  So desirous was he 
that this leaf should be correctly repre- 
sented that he has given us two intcrprc- 
tations from drawings made a t  different 
times, figs. 4, 5 of pl. xxxviii. H e  states 
that he considers figure 5 to represent the 
form better than figure 4 ; and i t  is , in this 

*L. ~volutiondu R&gne VBgBtal. Par Saporb et 
Marion. Les PhanBroganles, Vol. II., Paris, 1885, p. 
120, fig. 126. 



that the terminal lobation is most clearly 
shown. A comparisoil of this figwe wit11 
the numerous speciinens of Liriodend~ol~sis 
sinyle.2: of Newberry leaves no doubt what- 
ever that the Portuguese plant is a t  least a 
congener of the American plant, and i t  is 
just possible that it may belong to the same 
species. As this form has been three times 
publislled: i t  is a little surprising that 
Saporta did not think to compare i t  wit11 
the Portuguese plant. There are differences 
in the fincr nervation, but this is also per- 
ceptible between his two drawings of the 
same specimen ; these also differ in different 
specinlens of the American plant, and one 
or two other species remain to be publishccl. 
TVhen all the material is illustrated most 
of tllese differellees will disappear. I f  ,211~7 

remain i t  can be ascribed to difference of 
age and geographical position. 

LESTERF. TTTARD. 
WASI~ISGTOS. 

EX'PLAhTA TION OF riCQ UIRED If71171UhTITI' 
FROM IhTFECTIO US DISEASES. j 

IThas long been knona  that, in a con- 
siderable number of infectious diseases, a 
single attack, however mild, affords protec- 
tion against subsequent attacks of the same 
disease ; that in some cases this protection 
appears to be permanent, lasting during the 
life of the individual ; that in others i t  is 
more or lcss temporaly, as shown by the 
ocenrrence of a subsequent attack. 

The protection affordcd by a single attack 
not only differs in different diseases, but in 
the same diseasc varies greatly in different 
individuals. Thus certain individiials ha re  
bcen known to suffer scvcral attacks of 
small-pox or of scarlet fevcr, although, as a 

.' null. Torr. Bot. Clnb, Yol. XIT'., We~y Tork, 

Jan. 1887, 11. G, 111. lxii, figs. 2, 3, 4 ; Am. Journ. 

Sci., Vol. XXXIX., New Hzren, Februarx, 1890, p. 

98, pl. ii., figs. G, 7 ;Tmns. K.T.A~xd, Sci., Pol. 

XI., 1692, p. 102, pl. ii., figs. 2-7, 9. 


j Abstmct of a paper rcad before the Biologicnl 
Society of TTTTasllington, March 9, 1893. 

[N.S. VOL.I. NO. 13. 

rule, a single attack is protective. Excep-
tional susceptibility or insusceptibility may 
be not only an individual but a family char- 
acteristic, or i t  nlay belong to a particular 
race. 

I n  those iliseascs in n~lliell second attacks 
are not infrequent, as, for example, in pneu- 
monia, in influenza or in Asiatic cholera, 
it is difficult to judge from clinical experi- 
ence nrllether a first attack exerts any pro- 
tective influence. But from experiments 
upon the lower animals, we are led to be- 
lieve that a certain degree of immunity, 
lasting for a longer or sllorter time, is af- 
forilcd by an attack of pneumonia or of 
cllolera, and probably of all infections due 
to bacterial parasites. I n  the malarial 
fevers, mhiell are due to a parasite of a 
different class, oile attack affords no pro-
tection, but ratller predisposes to a subse- 
quent attack. 

I n  those diseases in \vl~icll a single at- 
tack is generally recogilized as being pro- 
tective, exceptional cases occur in wllicll 
subsequent atttacks are developed as a re-
sult of unusual susceptibility or exposure 
under circumstances especially favorable to 
infection. IIaiselis has recently (1594) 
gone throug1;ll the literature accessible to 
him for the purpose of determining tlle fre- 
quency with which second attacks occur in  
the various diseases below mentioned. The 
result is as follo~vs: 

Second Tliird Fourtli 
Attacks. Attacks. Attacks. Total. 

Small-pox . . 503 9 0 514 
Scarlet fever . 29 4 0 33 
B1rssle.s . . . 36 1 0 37 
Typlloid f e ~ e r  . 202 5 1 203 
Cholera . . . 29 3 2 34 

Recent researclles indicatc that tlle pdn- 
cipal factor in thc production of acquired 
immunity is the presence, in the blood of 
the immune animal, of some substance ca- 
pablc of neutralizing tllc toxic prod~~cts  of 
tlie particular patllogenic lnicroijrgnnism 


