
PINUS



PINUS



MICROSTROBILI

PINUS

MICROSPORANGIA



MEGASTROBILI

MICROSTROBILI

PINUS

MICROSPORANGIA

MEGASPORANGIA M



MEGASPORANGIA

MICROSPORANGIA

D

^

MONOECIOUS

PINUS



DIOECIOUS

GYMNOSPERM



GYMNOSPERM

DIOECIOUS

GYMNOSPERM

DIOECIOUS

MICROSPORANGIA

AND

MEGASPORANGIA

DIFFERENT PLANTS

>

?



?



GINKGO

M



GINKGO

M

MICROSTROBILI



GINKGO

“M

MICROSPORANGIA



GINKGO

MICROSPORANGIA

“MALE” PLANT

^

+



GINKGO

M



GINKGO

M

MEGASTROBILI



GINKGO

“F

MEGASPORANGIA



GINKGO

2

MEGASPORANGIA

“FEMALE” PLANT

+



“FEMALE” PLANT“MALE” PLANT

MICROSPORANGIA

GINKGO

D

MEGASPORANGIA



DIOECIOUS
^

GINKGO

“MALE” PLANT

MICROSPORANGIA

“FEMALE” PLANT

MEGASPORANGIA



POLLINATION

P



POLLINATION



GYMNOSPERM

POLLINATION

GYMNOSPERM

POLLINATION

POLLEN GRAIN 

DISSEMINATION TO 

MEGASPORANGIUM

>



PINUS

M



MICROSTROBILI PINUS

M



MICROSPORANGIA PINUS

D



DEHISCENT PINUS

M



MICROSPORANGIA

MICROGAMETOPHYTES

PINUS

P



MICROSPORANGIA

POLLIN GRAINS

PINUS

W



MICROSPORANGIA

WIND DISSEMINATED

PINUS



MEGASTROBILUS PINUS

OS



MEGASTROBILUS

OVULIFEROUS SCALES

PINUS

OS



EXPOSED OVULE

MEGASTROBILUS

PINUS

OVULIFEROUS SCALE

L.S.

GYMNOSPERM

OVULE EXPOSED

DURING

POLLINATION
+



MEGASTROBILUS

PINUS

OVULIFEROUS SCALE

L.S.

EXPOSED OVULE

+



MEGASTROBILUS

PINUS

OVULIFEROUS SCALE

L.S.

EXPOSED OVULE

PD



POLLEN

DROP

MEGASTROBILUS

PINUS

OVULIFEROUS SCALE

L.S.

EXPOSED OVULE



MICROPYLE

POLLEN DROP

INTEGUMENT

PINUS

OVULE

L.S.

= POLLEN GRAIN

?



MICROPYLE

INTEGUMENT

PINUS

OVULE

POLLEN

CHAMBER

L.S.

POLLEN GRAIN

?

= POLLEN GRAIN

M



MICROPYLE

INTEGUMENT

PINUS

OVULE

POLLEN

CHAMBER

L.S.

POLLEN GRAIN

MEGASPORANGIUM

= POLLEN GRAIN

=



MICROPYLE

INTEGUMENT

PINUS

OVULE

POLLEN

CHAMBER

POLLEN GRAIN

L.S.

MEGASPORANGIUM

= POLLEN GRAIN

NUCELLUS

?



MICROPYLE

INTEGUMENT

PINUS

OVULE

POLLEN

CHAMBER

POLLEN GRAIN

L.S.

MEGASPORANGIUM

= POLLEN GRAIN

NUCELLUS

?

P



MICROPYLE

INTEGUMENT

PINUS

OVULE

POLLEN

CHAMBER

POLLEN GRAIN

L.S.

MEGASPORANGIUM

= POLLEN GRAIN

NUCELLUS

POLLINATION

>



MEGAGAMETOPHYTE

INTEGUMENT

1N

EGG

1N

POLLEN GRAINS

ENDOSPORIC

OVULE

INTEGUMENT

MICROPYLE

PINUS

L.S.

= POLLEN GRAIN

POLLINATION

PT



MEGAGAMETOPHYTE

POLLEN TUBE

EGG

INTEGUMENT

POLLEN GRAINS

1N

1N

OVULE

INTEGUMENT

MICROPYLE

PINUS

L.S.

= POLLEN GRAIN

POLLINATION

S



MEGAGAMETOPHYTE

SPERM

EGG

INTEGUMENT

POLLEN GRAINS

1N

1N

OVULE

INTEGUMENT

MICROPYLE

PINUS

L.S.

= POLLEN GRAIN

POLLINATION

S



MEGAGAMETOPHYTE

POLLEN TUBE

INTEGUMENT

POLLEN GRAINS

2N

2N

SYNGAMY

OVULE

INTEGUMENT

MICROPYLE

PINUS

L.S.

= POLLEN GRAIN

POLLINATION

?

W



MEGAGAMETOPHYTE

POLLEN TUBE

INTEGUMENT

POLLEN GRAINS

2N

2N

SYNGAMY

OVULE

INTEGUMENT

MICROPYLE

WATER NOT REQUIRED

PINUS = POLLEN GRAIN

POLLINATION

XD



MEGAGAMETOPHYTE

POLLEN TUBE

INTEGUMENT

POLLEN GRAINS

2N

2N

SYNGAMY

OVULE

INTEGUMENT

MICROPYLE

XERIC ADAPTATION

PINUS = POLLEN GRAIN

POLLINATION

P



PERMIAN

~260 MILLION YEARS AGO
X



PERMIAN

XERIC PERIOD

~260 MILLION YEARS AGO
G



GYMNOSPERMS

DISPLACED

PTERIDOPHYTES

~260 MILLION YEARS AGO
>



GYMNOSPERMS

POLLINATION

+



GYMNOSPERMS

POLLINATION

POLLEN GRAIN

DESTINATION

+



GYMNOSPERMS

POLLINATION

POLLEN GRAIN

DESTINATION

OVULE

MEGASPORANGIUM

^



GYMNOSPERM

PHYLA

^



EXTINCT

GYMNOSPERM

PHYLA

L



GYMNOSPERM

EXTINCT PHYLA

GYMNOSPERM

EXTINCT PHYLA

PTERIDOSPERMOPHYTA



GYMNOSPERM

EXTINCT PHYLA

GYMNOSPERM

EXTINCT PHYLA

PTERIDOSPERMOPHYTA

CYCADEOIDOPHYTA

+



CYCADEOIDOPHYTAPTERIDOSPERMOPHYTA

PTERIDOSPERMOPHYTA PTERIDOSPERMOPHYTA

^



EXTANT

GYMNOSPERM

PHYLA

L



GYMNOSPERM

EXTANT PHYLA

GYMNOSPERM

EXTANT PHYLA

CYCADOPHYTA



GYMNOSPERM

EXTANT PHYLA

GYMNOSPERM

EXTANT PHYLA

CYCADOPHYTA

GINKGOPHYTA



GYMNOSPERM

EXTANT PHYLA

GYMNOSPERM

EXTANT PHYLA

CYCADOPHYTA

GINKGOPHYTA

PINOPHYTA



GYMNOSPERM

EXTANT PHYLA

GYMNOSPERM

EXTANT PHYLA

CYCADOPHYTA

GINKGOPHYTA

PINOPHYTA

GNETOPHYTA

+



CYCADOPHYTA GINKGOPHYTA

PINOPHYTA GNETOPHYTA

^



PHYLOGENETIC

RELATIONSHIP

?



ZOSTEROPHYLLOPHYTA

STEM ENATIONS

TRIMEROPHYTOPHYTA

COMPLEX TELOMES

LYCOPODIOPHYTA

MICROPHYLLS

ENATION THEORY

MEGAPHYLLS

TELOME THEORY

RHYNIOPHYTA

PTERIDOPHYTA ?

TRACHEOPHYTES

GYMNOSPERMS

PHYLOGENETIC

DEAD-END

PHYLOGENETIC

DEAD-END

P



ZOSTEROPHYLLOPHYTA

STEM ENATIONS

TRIMEROPHYTOPHYTA

COMPLEX TELOMES

LYCOPODIOPHYTA

MICROPHYLLS

ENATION THEORY

MEGAPHYLLS

TELOME THEORY

RHYNIOPHYTA

PTERIDOPHYTA PROGYMNOSPERMOPHYTA

TRACHEOPHYTES

GYMNOSPERMS

PHYLOGENETIC

DEAD-END

PHYLOGENETIC

DEAD-END

EV



VASCULAR

PLANT

EVOLUTION

^



~360
MILLION YEARS



PTERIDOSPERMOPHYTA

EVOLVE

~360 MILLION YEARS AGO
>



PTERIDOSPERMOPHYTA

EVOLUTION

OOCAMPSA

T



TRIMEROPHYTE

A

PTERIDOSPERMOPHYTA

EVOLUTION



ARCHEOPTPERISTRIMEROPHYTE

P

PTERIDOSPERMOPHYTA

EVOLUTION



PROGYMNOSPERMTRIMEROPHYTE

G

PTERIDOSPERMOPHYTA

EVOLUTION



TRIMEROPHYTE PROGYMNOSPERM

PTERIDOSPERMOPHYTA

GYMNOSPERM

^

PTERIDOSPERMOPHYTA

EVOLUTION



PHYLUM
PTERIDOSPERMOPHYTA

>

E



PHYLUM
PTERIDOSPERMOPHYTA

EXTINCT

PHYLUM

EXTINCT

PHYLUM

^



COMMON NAMES

S



SEED FERNS

P



PTERIDOSPERMS

P



PTERIDO

+



FERN-LIKE LEAF

PTERIDO

S



SPERM

+



SEED

SPERM
FERN-LIKE LEAF

PTERIDO

P

+



SEED

SPERM
FERN-LIKE LEAF

PTERIDO

PTERIDOSPERMS

^



PTERIDOSPERMS

DISCOVERY

---

MAJOR

PALEOBOTANICAL

EVENT

^



PTERIDOSPERMS

DISCOVERY

^



PRIOR 1904

FB



FOSSIL BEDS L



FOSSIL BEDS

LYGINOPTERIS

L



FOSSIL BEDS

LYGINOPTERIS LAGENOSTOMA

FB



FOSSIL BEDS

LYGINOPTERIS LAGENOSTOMA

FOUND SAME FOSSIL BEDS

L

^



LYGINOPTERIS
W



WOODY STEM

LYGINOPTERIS
F



WOODY STEM

FERN-LIKE FROND

LYGINOPTERIS
P



WOODY STEM

FERN-LIKE FROND

PROGYMNOSPERM CHARACTERS

LYGINOPTERIS
P



WOODY STEM

FERN-LIKE FROND

PROGYMNOSPERM CHARACTERS

LYGINOPTERIS

PROGYMNOSPERM

^



LAGENOSTOMA
O



OVULE / SEED

LAGENOSTOMA
G



OVULE / SEED

GYMNOSPERM CHARACTERS

LAGENOSTOMA
G



OVULE / SEED

GYMNOSPERM CHARACTERS

LAGENOSTOMA
!

GYMNOSPERM

FB


