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BIoLoGICAL CHANGES TFOR_ PLANT TERRESTRMALISATION

Middie Os«dovietom, Yo Qm—:&p Qd,u&eéw Of’:}o—-4soMa,)

Rocom the ancddle Oxdorweiam, 4o conky Lluseian ontdonce Stantad
Jcouw-..ag, e PRact fost Wgﬁ"“’”‘-@%lw Chamgeo dhat
Lralled, MWW%W
(@) doveloprront ﬁswmmﬁ\wu%( wobor & awtsusak
vkmm »
(b) Veswous areaswwes o peoteet Maawotma&wv
(Q) Jenotmperost OF hscetunes %M"W"&“PP‘“"
@ %@MW\'}: 84 deeprevductone arde Fhot did ot
Prdoainatly wpone Lrtosemnal okt pouyees

Reovequiofss For the | fotad Uobimact rf plot AR PSEERN U
holsed

T. Reduateny 0f Beponclents o Wakes fov vepreodiietfo |-

(@) Elabow ob spovophyte with Avmutantou, yeadurcteon of
/ij""Faﬂtc S\—o_%e WWW%“’M
ounee wodes o emential forthe Wmeﬁ*’*ﬂ— W)
gl $3cars For 8f S to 29y & vl Wc@.msf:amrﬂﬁuc
‘ 6. — thio tv AenShant ansiat Orwiconment, Wit Lt
Aboicakan shreess — dhe gametoplylic Phase woo deltebed:

Edoborokon OFf fre WM”WMW

WMMW&C DQW&%MW who et~
aﬂi)a\u&uﬁ‘bwm WJA’&W

CWL&D.
EShabliahmont 07 elabovote 0 the SporopRydie prase
ol & Wome deereased Mg areeessdy fov ovakex, pence mechar fre
ke, ,

3



Wanlu}-ww MSMWW o} & M‘{’W“W"i%
- SPexopiufiie Froroteay wpﬁmog&aﬂm}qa&rm% '
Rencn, dhe sporceplyytic %'m):a;mvio Clokovated v trowhoopRita
MMWW&M@Q — v erhvost o preeclormin ast 3“”"’5"'
?Rgﬁae?kwaaom WMCW)&W Cdrr\T?‘E\JnOn\— wdvv
Wawﬁakyﬁmmw*o damnp, Ohoprtiaraos .

(k) Pmol.uesf-aw op gporces msteod ot W
3 R)-tn'o‘.u.vknv &squ beSFWE‘ﬂ‘Q) MM%W
E ,
Fosell eatcdlamer o the ‘?mno;t#eha/kn_dm% woeuaﬁ»ﬂ@ntozc
%SM?\M L&xu)alboﬁéé\,ml-m Ovloyteion C'V4S'DM°9 andl 4%&&9
eﬁuﬁe SFG“QQ &a;vehecw}ee?czd-eo\w Bootly Sulwsevan (~v430 Ma) ~
e fo fwem oser mclicative 62 olatsovatiny 88 the S parcopliyle PPase
WMO—@ areLoe dilvia o

(.. Bakevalay %xepwd:w SL%V w@ud-\m MW# Orn—
Wotker,

-—

W



‘, (9661 211 woiy umerpar) uononpoidas Jo spow sty mofjoj siuejd remosea [re—uonersusd adydosods pagrdure ue
48 3]242 o3 (3) pue ¢ fuononpoidas jo spow sis mofjoj sarydoLiq isow—uonersusd adydorsures payrdure ue gam 31245 33 (q) ‘uononpordas [e[e uy uonerausd

" | Jo saseyd oms jo uonesalfe dy3 edIpuT 03 wesderp, pagrdung (¢) “saseyd noneisuss jo uonerae Suimoys ‘3[24> aj1] Jue[d pagrduns jo weiderq 9°g ainSiy
| @y

, Wy
snjfey m;ﬁossam u_o.%._ ews snjjey; sifydojewreb piojdey

(uy)

, (uoisny syoweb) . wy) (uoisny eysweb)

9 AwreBuks @ . AwebuAs seiods ¢
sviydoiods o' /@< Lo | __ oudoods @/ sopese)
juspuadepui , spuadep | é
w?) @ w2) @
sisolew sisolew

olAydoayoesy  (9) ailydolig (q)

W)
ailydojsuied piojde:
Y plojdey AN

sajobAz JEPTEE
, uLI0} 0} @sn} sejeweb «-
~ _ajews) pue ojew —> 0 % : _A: i)
_ * 4aiem.ul saiods piojdey . &
Bujwuims-aoiy

(ue)

a)Aydosods piojdip -

sajAydoiods pajjeo sisolow

sjueld piojdip wioy
0} ejeujwiab sajobAz

sjueld [eusaiie) 0}
Josinoaud ebje jeajeyiodAy  (e)




X, Preoleatwny agatmst dessicokay
grokian Of placts o Aomd halbet d2dulted vdhese ezpos
do O § Cunlight - wohicly sedad He plans to danelop Aemeehansm
o anvped dassiaoden ¢
M%Gﬂbf@&%o/r\awowmdb enswee Wio Fow‘-ee/*FLWf—
(@) Aoveloprret of cuii'c Lo thot coperes § ¢
%agmmws.WLoq tu-eie 53 @M%
Pelyarars dhot coners £ &
M cols to yodiee wokerdocs ;8 b prefgont st
ewnolipant o emwry g Lond plant .
Foss L e«v&m.%r%m»(is Oﬁ,cub.é}e Q-PPQ_QYLG‘N%
Ssegn Crzt 30 Ma)

ASW W ot vae evdoue g averwaoeulare P&:«,n:b—- o
yeobugness & preofeeteam Fewn UV ol * o eystulion -
o4 desscobon WWSW evore extreamely vmpestust
G0 +do doserec, ol zotimvproeese . Tt erablod dmg dirtance
Sporee &A}P&Mak\ly Lrend- g aoreans o;@.eol-wbu}kwa:'_
Soletedh. Cormmindns Ao oy eoriranerkal- crtossvs,
: Stowrgetn, ‘- rmedan 4 cud'cle, me

Ojow‘r@i: Aoaslo ot = OO eveuld —Rave edl e ‘(30"0

O s (Co, 8, ) o ONESTIS Pert O n ol homaing

O ppreoxlanodtly acR ~illien Yeord 090 ( Late Sduowian S
%Wﬂﬁm&aww g Lok Ot poes 4
Codase s

(v



Loveloprmant e Speeialized Cotho For amdex & awddulent Wptake

Aqualie pleto Ao LL&.LLW :Fm.,e.[aoo.quz,;é OTL%%
Alotrd bute cmbex, Pelules, Pﬁebw\n,ae F?*M“WQM UL el o
Sheselt dioternce Py covnee SPovoder § orudovnarts -

MMMMMWM Plasts age cdad Apee-

w@w%nm QMMM& rooder peccally W yossl ol
qrowsy dvas trveleed .

tong didknce Ao df cteder ard. oudsuedts Raquistael dpeccalized
WMSM'
’V\emﬁia,‘,,t,é @M\z&@ um*umm}@ﬂrmgyﬂw
Lo‘.\/mam:’m;uas (Dt:(ﬂw\a'k@ & WM%WQ Y
(@ Kenseek & Crane Aypothesizen thot clergaded Cellr woieh cre

-

&xaamv.eo\ trdo dufsmam e JEOEK (e plart - Wene pasiks
S Hhe WWW:MMM*\W%
Joase oy MFWW%% woskercernduetiry Aol 1

(b) So2 &fte cvohax Condilefi, g el %egayﬁsgu& hod
e wallo Wtk Hue ke ol wwuﬁm@ .b:am». .

(@) Eeov ~430 Malctwﬁl Sthuwdlar) -Vesudws oo g Op e A
%SWM.Swmwcg“Mh Alomates 85:°W

(&) ¢ Poe bknlly o d el ol Jbeies

d)  Tuekesung QUEUng o, : Ao

e Co\tafse,d. %W e &RMJQMM@,MM
retcitote duckentdd § scatkarlform pihorgs

(& %omama,,au rweks — Advanced woter cenditeting Ao — haehudly

tyere shsormed . Twmh»‘lemlcrg) v, Hapoung Qo ot Pove 1

Y P*MKM,MWM%WMMRMF WL
ambwwqu

Y P o rd e s and erds Of te ol Whado 4w

Gl 5 alosonts 5 Lohw tokese com Plons . n
e doehedd 4o Hhe mexh . 2feciandty dom

c el



. The acemndony coll wallk Save bracheids the alilty o provote
Dettase MW,M tootx Qeuld UL mone thisugt,

(a) Simple water- (b) First vascular tissue (c) Tracheids (d) Vessel elements
conducting cells
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present-day mosses in fossils - all vascular plants

FIGURE 30.9 Evolutionary Sequence Observed in Water-Conducting Cells. According to the fossil record and the
phylogeny of green plants, water-conducting cells became stronger over time due to the evolution of lignin and
secondary cell walls. Efficient water transport was maintained through pits where the secondary cell wall is
missing, or gaps where both the secondary and primary cell wall are absent. '

«/ QUESTION Biologists claim that vessels are more efficient than tracheids at transporting water, ‘n part because
vessels are shorter and wider than tracheids. Why does this claim’make sense?

Figure 3.9 Cell wall structure of early tubes and tracheids in the fossil record (redrawn from
Kenrick and Crane, 1997a). Three types of tracheid have been distinguished according to their cell
wall construction, as follows: (a) G-type cell wall with annular-reticulate thickenings; (b) S-type
cell wall with helical thickenings that appear to combine certain features of tracheids (e.g. lignified
thickenings) and moss hydroids; and (c) P-type cell wall vrith scalariform pittings (pits in the
secondary cell wall that are elongated transversely and parallel to each other).
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Figure 3.14 Reconstruction of fossil Rhwynia guwynne-vaughanii (redrawn from Kenrick and

Crane, 1997a).
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sil Baragwanathia longifolia (fedrawn from White, 1990).
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Figure 3.18 Phylogenetic relationship between extinct and extant early plants (based on cladistic analysés of morphological traits) (redrawn from Kenrick
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