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CA
Objetivos

"Etapas evolutivas das plantas
terrestres (significado, regqistro
fossil, idade).

"Floras caracteristicas do
Paleozdico e do Mesozdico.
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Algas - Ciclo de Vida
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Briofitas - Ciclo de Vida
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SICAO PARA A TERRA - Registro fol PAEDZ0IC

AGE PICKES
[Ma] FERICC [EPCCH aGE

Varios fésseis do Paleozodico inferior apresentam
algumas, mas nao todas, caracteristicas das plantas

cERITBSEEES-ambiente terrestre: Nematophyta e Spongiophytg

Nemathoph
yta Nematothallu Ordoviciano - Devoniano
Tubos, cuticula, “esporos” de varios tamanh

Zosterofit, -
2 -u
Riniofitas:- fnioaan 1,

P

rototaxites

FIGURE 6.2 Longitudinal section of Prototaxites southworthii
~* : A, binding, B. generative, and C.

aylor et al., 2009

Siluriano - Devoniano



SICAO PARA A TERRA - Registro féssil

Prototaxites Siluriano - Devoniano

FIGURE 6.1 Cross section of Prototaxites showing eccentric
incremental growth (Devonian). Bar = 3 cm.

FIGURE 6.3 Section of Prototaxites southworthii showing large
skeletal and narrow binding tubes/hyphe. (Devonian). Bar = 50 um.,

aylor et al., 2009



\NSICAO PARA A TERRA Nematoplext pevoniano Inferior

Malhas com tubos de
dois ou trés tamanhos,
tubos com poros.

Pachyt« Siluriano Superior - Devoniano Médio

FIGURE 6.12 Diagrammatic view of Pachytheca showing two-
layered wall. (From T. Taylor, 1988a.) FIGURE 6.9 Nemafoplexus rivniensis wide tube with helica

ickenings and narrow tube with septal pore {arrow) ( Devonian)
Taylor et a/- ’ 2009 ir = 100pum. (Courtesy H. Hass.)



SICAO PARA A TERRA - Registro

Parka decipiens Siluriano Superior - Devonian

Esporangios
contendo pequenas
corpos semelhantes

FIGURE 6.21 Suggested reconstruction of Parka decipiens
showing lower (left) and upper surfaces. (From T. Taylor, 1988a.)

T RN G Ny

FIGURE 6.22 Diagrammatic reconstruction of Parka decipiens
thallus with structures interpreted as sporangia. (From T. Taylor,
1988a.)



ISICAO PARA A TERRA - Registro féssil

lematophyta
pongiophytaceae
)Jutros fosseis
» Fragmentos isolados de cuticulas, tubos e esporos

:riptoesporo: Cambriano Médio? - Ordoviciano - Siluriano

FIGURE 6.26 Quasiplanar eryptospore tetrad with thin encloe- FIGURE 6.25 Quasiplanar cryptospore tetrad (Cambrian).

ing wall (Cambnan). Bar = 10pm. (Courlesy P. Strother.) Taylor Et al. ’ 2 009 tar = 5Spm. (Courtesy P. Strother.)

Onades, diades e tétrades; Inaperturados.




Esporos
Marca trilete

Siluriano

FIGURE 628 Ambitisporites dilutus (Silunan). Bar

(Courtesy P Strother.)
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naked laevigate monads

(i.e., Imperfectotriletes) |

naked fused dyads (i.e., Pseudodyadospora)

naked unfused dyads (i.e., Dyadospora)

naked fused tetrads (i.e., Tetrahedraletes)

naked unfused tetrads (i.e., Stegambiquadrella)

smooth envelope enclosed dyads (i.e., Segestrespora)

envelope enclosed ornamented tetrads

ornamented envelope enclosed dyads

l.e., Segestrespora)

smooth envelope enclosed tetrads

ornamented envelope enclosed tetrads

l.e., Velatitetras)

envelope enclosed monads

(
(i.e., Velatitetras)
(
(

l.e., Sphaerasaccus)

Trilete spores

(Ambitisporites)

Taylor et al., 2009



Palinomorfos do Siluriano

50um

p Traverse, 2007




ANSICAO PARA A TERRA Etapa 1: Transig&o para a tel

PALEOZOIC
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O Registro fossil indica que:

O surgimento de plantas adaptas ao
ambiente terrestre ocorreu no:

(Cambriano?) Ordoviciano - Siluriano
Inferior E
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Etapa 2: Plantas vascular
IRAS PLANTAS VASCULARES - Registro fossil
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RHYNIOPHYTA

*Eixos aéreos com ramificacoes

dicotbmicas com esporén,g?i
Ce

Tas de conducio? = t (des?
terminais ulas ae conaugcao¢ = traquelaes:
*Rijzomas

Aglaophyton major

Taylor et al., 2009

FIGURE 8.13 Model of Aglaophyton major. (Courtesy N. Trewin.) FIGURE 815 Stoma of Agioaphywan major (Devoaias)

Bar = 25pm, {Courtesy H. Kerp.)



FIGURE 8.18 Transverse section of Aglaophyton major axis
showing central strand and dark cell zone (arrow) containing arbus-
cules (Devonian). Bar = 650 pum.

Aglaophyton major

FIGURE 8.16 Longitudinal section of Aglaophyvtan major spo-
rangium filled with spores (Devonian). Bar = 4mm. (Courtesy
H. Kerp.)

aylor et al., 2009



.IRAS PLANTAS VASCULARES - Registro fossil
Cooksonia Siluriano Superior - Devoniano

Ramos dicotbmicos
Esporangios terminais
Estomatos
Traqueides?

FIGURE 8.59 Several Cooksonia specimens from Brazil
(Devonian). Bar = 5mm. (Courtesy P. Gerrienne.)

Taylor et al., 200!



:IRAS PLANTAS VASCULARES - Registro fossil

Siluriano Inferior - Devoniano Superior

DSTEROPHYLLOPHY IIﬁmos dicotémicos
L'@ @ ;:-=</ Ramos finais apresentam vernagao circinada
@ ; Q Esporangios dispostos lateralmente

= Proximas as Licofitas
/ Uiaternary
i % l'ertiary
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FIGURE 870 Morphology and arrangement of zosterophyll
sporangia. AH. Gosslingia breconensis; B Zosterophyllum
myretonianum; C, ). Zosterophyllum feriile; D. Zosterophyllum
spectabile; E. Sawdonia acanthotheca; F. Konioria andrychoviensis;

nian}. (From Kenrick and Edwards,

aylor et al., 2009




Rhyniophyta &

Asteroxylon: “folhas” pont|agudas xilema estrelado
Altura de até 1m.
Devoniano médio

corte
longitudinal

rizoma



Reconstituicao de um Asteroxylon mackiei,
Devoniano da Inglaterrra



Flora do Siluriano - Devoniano
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NTAS VASCULARES - LYCOPHYTA

"Microéfilos dispostos helicoidalmente e esporangios

situados na parte superior Surgimento das folhas

o _ N verdadeiras
Planicies de inundacao e maryeri ue cdiidis

Carbonifero Siluriano Superior - Recente
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Licofitas - Ciclo de Vida

(R N

Ly dr ruld i Ly et . 41 Ly
¥ T mwapi fruiioe ag 13 VD
o B R (ot g B

W g it (JF aipaen i Ly
A TP i (LT

syl ;
; ©opehia e, ay Gl ger MR
e mectialo a4 (g & PRI

e L

grmdam

aven et al., 2001



Licofitas - Ciclo de Vida




Microéfilo

/\ Lycophyta

Lycopsida
Drepanophycales (Devonian)

@ \ Protolepidodendrales (Devonian—Mississippian)

Lepidodendrales (Devonian—Permian)

J / ) Lepidodendraceae, Diaphorodendraceae,

Sigillariaceae

Lycopodiales (Pennsylvanian—recent)
Lycopodiaceae

Selaginellales (Pennsylvanian—recent)
Selaginellaceae

Pleuromeiales (Triassic—Cretaceous)

(A) (B) (C) (D) Isoetales (Upper Devonian—recent)

Isoetaceae, Chaloneriaceae

FIGURE 9.1 Hypothesized stages in the evolution of the microphyll.
A. Vasculanzed axis (shaded area) lacking epidermal appendages (e.g.,
Rhynia). B. Axis with epidermal appendages in the form of spines or
enations (e.g., Sawdonia). C. Axis with vascular traces extending to
the base of the enation (e.g., Asteraxylon). 1), Axis with vascularized
microphylls (e.g., Leclercgia). (From Taylor and Taylor, 1993.)

aylor et al., 2009




PIDODENDRALES

Devoniano - Permiano

FIGURE 9.32 Several Lepidodendron leaf cushions preserved in
a Mazon Creck nodule (Pennsylvanian). Bar = 3.5 mm.

Lepidodendron
Troncos
Almofadas foliares.

FIGURE 928 Suggested reconstruction of an arborescent lycopsid -y p o 33 Tkt

(e.g., Lepidodendron). (Courtesy [ A_ Eggert.) am. (Courtesy BSPG.) LA ncs IEx oD Ta yl O r et a / .y 2 O O'



f

FIGURE 9.39 Arborescent lycopsid (Lepidodendron) showing
branch trace (B) (Pennsylvanian). Bar = 1em.

'3 FIGURE 937 Three prominent oval branch scars along a

Lepidodendron axis (Pennsvlvanian). Bar = 4¢m. Tay|0|" et al 2 009
Ly



Lepidodendron







Folhas
Lepidophyllum

Taylor et al., 2009

FIGURE 9.48 Cross section of Lepidodendron leaf. Note
two abaxial furrows (arrows) where stomata are located (Pennsyl-
vanian). Bar = 1.5mm. (Courtesy BSPG.)




Raizes
Stigmaria

FIGURE 9.51 Cast of Stigmaria sp. showing pattern of rootlet
scars (Pennsylvanian). Bar = 1 cm.

E 9.49 Stigmaria ficoides compression showing laterally attached rootlets (Pennsylvanian). E Tayl or et a/. ’ 2 OO'



Stigmaria - raizes de lepidodendrales




FRGURE 96 Provimal surlice of Lnouspeonsdype spone sk
mg wrise omamml S wiee. end equiorsl osgulam
{ Pentrylvmuin) B = Tus

L —

FIGURE 9.59 Compression specimen showing axis of
Lepidostrobus cone  with  helically  attached  sporophylls
{Pennsylvaman). Bar = | em.

FIGURE 9.58 Compressed Lepidostrobus cone (Pennsylvaniz

Bar = 2cm. Taylor et al., 2009



Lepidostrobus




FIGURE 9.66 Megaspore of the Triletes-type showing proximal
triradiate ridge and ornamentation (Pennsylvanian). Bar = 1 mm.

FIGURE 9.68 Compressed Lepidocarpon cone (Pennsylvanian).

Bar = lcm. Taylor et al., 2009






Sigillaria
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FIGURE 983 Suppesied reconstruction of Sigelaris tres
{Pennsyhanian). {Cowtesy [. A. Eggert.)

B

FIGURE 9.84 Sigillaria mammillaris, stem surface with leaf
bases (Pennsylvanian). Bar = 2 cm. (Courtesy BSPG.)

aylor et al., 2009



Sigillaria - troncos colunares com escassa ramificacoes;
folhas alongadas; almofadas foliares hexagonais.




Sigillaria
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PHENOPHYTA

Pseudoborniales ( Devonian)

Sphenophyllales (Devonian—Triassic)

Equisetales (Devonian—recent)
Calamitaceae
Tchernoviaceae
Gondwanostachyaceae
Equisetaceae

Devoniano - Recente

PALEOZOIC

LISE
(Ma

FERICD

EPCCH

aGE

0

Licofitas

Devonian

-
Uualermary 3
i i
= 1 ADEIoSpermEs
] . i
-] lertiary 1
~ I
L b
ot
- i1
= 5 :
= g g "
Cretaceous " . E g
4 = i =
- B
- =K = E
- =] R 5
7 B = L -
] . “_— &) JoN
= lurasgic = b B ; Ginetales
2 b @
Triassic g E 3 e’
T E r
B =
7
= F;
Permian = e V 'IHI' o
- E ! 4
g = [
4 = !
o = = ) o
Larboniferous - Pl ! ordaitales
\ 0 v j
\

S PSILOPHY TOPSIDA

Paleoxoac

Silurian .
b

._I:._‘_n TRACHEOPHYTA

Uhrdowvician

Cambrian

£ = fosterophyllopsida
R = Rhyniopsida

CHaMGHEIMGLN

Pteridofitas

Sphenofitas
FRASHIAN z;

GIVETI&N

EIFELIaN

EMSIaN

LOCHHOMIAN |

Nematop
hyta
outros

Briofita
s?
o HTRGE X
=S g B1E
L3




Calamites

FIGURE 1030 Compressed calamite stem showing internodal
R [ T - = 5 =
FIGURE 1036 Sogpested reconstruction of Cali Tows (Pennsylvanian). Bar L0

Calawirisa, (From Tavlor ssd Tavlor, 1993} FIGURE 1035 Colrmiter giger. stens (steinkern) in sity
ay O r e a ) (Permdan). Bar = 10cnn (Courtesy M. Barthel )
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Calamitaceae - Calam
Carbonifero sup. - Permiano sup.



FIGURE 10.51 Myriophyllites gracilis. compressed calamitean
roots with lateral rootlets (Pennsylvanian). Bar = 2em. (Courtesy
B5PG.)

Far

aylor et al., 2009 RS ) SIS o



FIG
an FIGURE 10.61 Annularia stellata leafy branch (Pennsvilvanian).
Bar = 6cm. (Courtesy BSPG.)

FIGURE 1053 Axis with elght whorls of Annulore leaves
{Pendiylvanian). Bar = 1cm

Taylor et al., 2009



FIGURE 10.60 Fertile calamite branch bearing several small
cones (Pennsylvanian). Bar = 1 cm.

FIGURE 10.59 Cluster of attached calamite cones
(Pennsylvanian). Bar = 1cm.

Taylor et al., 200!
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TERIDOPHYTA Psaronius - Carbonifero superior ao Triassic

Megafilo (folhas) Devoniano - Recente . yoc de Psaronius - Pecopteris

ova radiacao no Jurassico - Cretaceo
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TERIDOPHYTA

aronius - Carbonifero superior ao Triassico
dica clima quente e umido.




TERIDOPHYTA

aronius - Carbonifero superior ao Triassico
yndes de Psaronius - Pecopteris
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Flora do Carbonifero




Flora do Carbonifero




Etapa 3: Semente
GIMENTO DAS PLANTAS COM SEMENTES

CENOZOIC

MESOZOIC

PALEOZOIC
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GIMENTO DAS PLANTAS COM SEMENTES

GYMMNOSPERMAE

SPERMATOPSIDA

TRACHEOPHYTA

EMBRYOPHYTA

CHLOROBIONTA



GIMENTO DAS PLANTAS COM SEMENTES

* Retencao e germinacao do megasporo sobre a planta mae (espordfito)

» Desenvolvimento do gametdéfito feminino até estagio de maturidade
reprodutiva

» Planta mae com condigdes para desenvolvimento do microsporoem  Grgos de pdlen
gametofito masculino, cujos gametas devem alcancar o gametéfito
feminino para efetuar a fecundacao

« Em suma: toda parte do ciclo que antes ocorria no meio externo

passa a ocorrer sobre o esporéfito

« Para ser chamado de ovulo (ou de semente, quando fecundado) o
gametofito deve estar protegido por tegumento e possuir estrutura
semelhante a micropila (local para receptacao do micrésporo)

integument archegonia

Conquista definitiva do
ambiente terrestre
Colonizacao de outros
ambientes

—

Traqueides tipicos



aven et al., 2001



ROGIMNOSPERMAS
Archaeopteris

Devoniano Médio - Carbonifero Inferior

natomia dos troncos moderna
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Archaeopteris

} Fertile branch of Anchaeopieris showing adaxial
sporangia. {Devonian). Bar = 6mm.  (Courtesy

(8) ()

FIGURE 1210 A, Archacopteris sporophyll beaning sporangia.
B. Aggregation of microspores. C. Aggregation of megaspores.
( From Andrews, 1961.)

FIGURE 123 Branch with leaves of Archaeapteris fimbriaa

{Devonian). Bar = 2.5cm. {Courtesy BSPG. ) Taler et al- ’ 2009



TERIDOSPERM/ Carbonifero Inferior - Cretaceo
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IRAS PLANTAS COM SEMENTES - Registro foss
[ERIDOSPERM Grupo artificial Carbonifero Inferior - Cretace

Fetos com Sementes”
mentes diretamente conectadas as folhas

Elossopteridalc Carbonifero Superior - Tridssico

S T R -

C:
! :jf ‘!ﬂt ﬁ:‘? F oy
’x J — ® rEmmT

FIGURE 14178 Sugpgested reconstruction of a Glossopreris
plant and associated organs. (From Gould and Delevoryas, 1977.)

FIGURE 14174 (Fiornoplerdr lmaf showing reticulale wemation
(Permaan). Bar = 2.5om. (Courtesy H. Kemp)

Ta yI O r et al- ’ 2 O O 9 FIGURE 14,171 r:.'::-'.l.-.-,'ln'n'l'.'- sirtcia [Permuan), Bar = locm



[ERIDOSPERMAS Glossopteridales

FIGURE 14.190 Megasporophyll of Homevaleia gouldii show-
ing several seeds (Permian). Bar = 1 mm. (Courtesy P. Ryberg.)

FIGURE 14.183 Gangamopteris sp. leaf (Permian). Bar = 1cm.
{Courtesy 5. McLoughlin.) Tay|0r Et al- ’ 2009



FIGURE 14218 Monosaccate (arrow) and bisaccate pollen
gramns i a glossopterid pollen sac. Bar = 50um. (Courtesy
5. McLoughlin.)

FIGURE 14.192 Micropylar end of Glossepieris homevalemsis
ovule showmng pollen tubes (armows) and megagamclophyic tissne
(MG) i Permuan). Bar = 0.25 mm. {Couriesy H. Nishada )

FIGURE 14.215 Eretmonia natalensis with aggregation of pol-
len sacs (arrow) near stalk (Permian). Bar = 6 mm. (From White,

aylor et al., 2009  1978: Courtesy P Ryberg.)



a)- arvore Glossopteris;
b)- estrutura produtora de
pblen (Eretmonia);

c)- estrutura  ovulifera
presa a uma folha;

d/g)- exemplos de
frutificacoes
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3 IMNOSPERMAS’ Grupo artificial

Presenca de estrobilos
(“cones”)
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CORDAITALES

Carbonifero - Permiano

FIGURE 2016 Compressed cordaitean stobiles showmg sev-
el secondary fertile shoots (C) along the primary cone axis. MNoie
conspicunus bructs (armows) (Pemsyhanian). Bar = Smm

Carbonifero - Presente

FIGURE 209 Cordaite branch tp with. =veml leaves.
(Pennevivanian’ Bar — Pom



Ordem Cordaitales (extinta) - Carbonifero inferior ao
Permiano

Género: Cordaites
mangues, pantanos

or
Pennsyi-
i vaninxvlon

Amvelon B8
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Cordaites




Cordaitales

Estrébilo masculino
com sacos polinicos

FIGURE 20.18 Longitudinal section of Cordaitanthus concin-
nus pollen cone. Arrows indicate pollen sacs (Pennsylvanian).

Bar = 2 mm.



Flora do Carbonifero




s IMNOSPERMAS”
GINKGOPHYTA

Carbonifero - Recente

FIGURE 18.12 Ginkgo sp. leaf (Cretaceous). Bar = lcm.

Chaalernary
g (Courtesy J. Watson.)
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5IMNOSPERMAS”
CONIFERAS

Carbonifero - Recente
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sIMNOSPERMAS”

GNETALE!

FIGAUIRE #v44 Midfsatwha-vpe polen grun sasccsial with
P (Cstaosmii) Ba = 13am ICmney G B Updhah
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FIGURE

19,47

Several cones of Welwitsohinmbuy  mli

Cretacosiis). Bar = & min. 1 Conirtesy 12 L. Daleher and T. A, Lot p

FIGURE

19.40 [Dvewria pofomacensis showing
leaves (arrow) and axillary reproductive shoots (Cretaceo
Bar = 3mm. (Courtesy G. R. Upchurch.)

vepeta

Taylor et al., 200!



Flora

do Permiano - Triassico




ENTAO:

Pré-Cambriano -
Surgimento das algas
verdes

Cambriano /
Ordoviciano - |
Surgimento das
primeiras plantas
terrestres (nao-
vasculares) - algumas
provavelmente
associadas as
briofitas atuais.
Registro féssil:
criptoesporos,
esporos, fdsseis de
nematodfitas e outros.
Caracteristicas:
gametas protegidos,
embriao.

Ambiente de Vvida:
proximo a agua.
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Ordoviciano /
Siluriano -
Surgimento das
primeiras plantas
terrestres vasculares.
Registro féssil: |
Rinidfitas &
Zosterodfitas.
Caracteristicas:
células de conducao -
Xilema.

Ambiente de \Vvida:
proximo a agua.
Devoniano /
Carbonifero -

florestas de licofitas,

esfendfitas e
pteridofitas.

Registro féssil:
Lepidodendrales,

Calamitales e outros.
Depositos de carvao.
Caracteristicas: porte
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Carbonifero -
Surgimento das
primeiras plantas com
semente.
Registro
Pteridospermas
(Glossopteridales),

fossil:

Cordaitales. Graos del

polen.

Caracteristicas:
sementes, traqueides
tipicos.

Permiano / Jurassico -

Florestas de
Pteridospermas e
Gimnospermas.
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