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Studie k otazce o pivodu a fylogenetickém vyvoji
krytosemennych rostlin

PREDMLUVA.

Theoreticka studie, kterou pfedkladdm v nésledujici anglicky sepsané
stati, predstavuje vlastné druhou ¢ast k mé obdobné zamérené studii
z roku 1950, kde jsem vyloZil své nazory zaméiené hlediskem paleonto-
logickym na vyvoj a taksonomii rostlinné fiSe az po jeji nejmladsi (,,nej-
moderngjsi‘‘) a morfologicky i anatomicky nejkomplikovanéjsi pfibuzensky
okruh, to jest rostliny krytosemenné. UC¢inil jsem tak tehdy umyslng,
nebot k posouzeni této nejmladsi skupiny ndm zdaleka naSe paleontologické
znalosti nestadi do té miry, jako na pfiklad u pteridofyt nebo gymno-
spermu. A tu bylo tfeba pfedem prostudovati a uvaziti celou fadu poznatka
a nézoru na morfologickou a anatomickou tpravu dodnes Zijicich zastupct.
Povaha paleontologickych nélezti z tohoto pfibuzenského kruhu jest totiz
na rozdil od nélezt fosilnich pteridofyt a gymnospermt shodou fosilisaé-
nich okolnosti ponékud jiného razu: nejcastéji pouhé otisky listi. Kvéty,
plody a semena, které by ndm do téchto otdzek mohly vnésti vice jasna
a spolehlivosti, jsou daleko vzacn&j8i. A tak paleontologie nadm tu dava
" spiSe odpovédi na rizné otdzky tykajici se geografického rozSifeni naSich
nélezli, neZ jejich povahy morfologické a anatomické. Paleontologické
ndlezy ndm v tomto pfipadé skytaji pcnejvice oporu tam, kde jest tfeba
se vyvarovati chyb pfi odvozovani jedné skupiny piibuzenské od druhé,
a to v tom smyslu, abychom spravné vystihli jejich vzajemny pomér
odvozenosti a neodvozovali okruhy geologicky prokazatelné staré od pfi-
buzenstev relativné pfili§ mladych. Také ndm mohou poskytnouti objektiv-
néjsi obraz o nejstarSich vyskytech zéstupct z této skupiny, jejich geo-
grafickém rozSifeni v minulosti a tim i jasnéj8i pohled na celou otazku
jejich vzniku a rozvoje. _

P¥i v8ech tvahéach dal jsem se stejné jako ve své studii z r. 1950 i zde
vésti dvéma zékladnimi mySlenkami, které ¢im dale tim vice ovladaji mysl
botanikl zabyvajicich se posledni dobou podobnymi otdzkami a které jako
Cervend nit se zradi v prib&hu celého rostlinného vyvoje: pFizpisobovani
se k Zivotu za podminek vyslovené terestrickych a s tim souvisici postupna
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kondensace a redukce ruznych orgind. Jest tfeba ovSem zde mit stéle
téZ na paméti i druhotné zpétné prizpisobovéani rostlin k jejich pivod-
néjsSim podminkdm Zivotnim, to jest zpétné k prostiedi silné vlhkému nebo -
vodnimu.

Snazil jsem se také pokud mozna ocefiovati rovnomé&rné rizné soubory
znakd anatomickych a morfologickych. A tu v ohledu anatomie pfichdzim
k nazoru, ze dosud pomérné mélo vahy bylo prikladdno zejména tpravé
sitkovic v lyku ve srovnéni s dirazem, jaky jest b&zné pfikladan stavbé
dfeva.

U listh i sporofyld krytosemennych rostlin pfedpokldddm vesmes
makrofylni povahu, pfipoustim ale, Ze sporofyly mohly vznikati z telo-
moidnich UGtvarQ, které nemusely stejnou mérou mit éepel vyvinutou jako
normélni listy asimilaéni. Odchylny rdz angiospermickych listi od typu
kapradinovitého nebo cykasovitého vysvétluji zastavenim ptvodniho sméru
vyvoje na jistych neotenickych stadiich vlivem vyslovené terestrickych
podminek a nastoupenim zcela odchylného vyvojového sméru. Proto snad,
také nezndme prechodnych zjevl mezi listy rdzu pteridofytniho a cyka-
sovitého a mezi listy rdzu angiospermidniho.

Pokud se jedna o kvétni morfologii, tu dochdzim k zdvéru, Ze angio-
spermické kvéty jsou vesmés povahy euanthiové, ale Ze
rozdily zde mohou byt pfedpokladdny ve zpusobu
vzniku korunnich resp.okvétnich listkd. Na rozdil
od pravych kaliSnich listkd, které vzdy vznikly redukci asimila¢nich listd,
mohly korunni nebo okvétni platky vzniknout bud sterilisaci a kladodifikaci

‘ pivodné fertilnich sporofyld (ty€inek) anebo z redukovanygch asimilacnich
listd (,,stegofyly*). Bude proto podle toho tfeba rozliSovat dvoji druh
kvétd (zavadim pro né nazev kvéti homogennich pro prvy a heterogen-
nich pro druhy pripad), coZ se nesporné musi také odrazit v soustavé
angiospermi. Mluviti o stachyosporii u angiosperm, jejichZ listy i sporo-
fyly povazuji za Gtvary vesmés makrofylni, pokldddm za nemoZné; veSkeré
angiospermické kvéty jsou jisté povahy fylosporni.

Podle rlznych paleontologickych nélezti kladu vznik angiospermi
nékam do mlad$iho paleozoika, kde se odStépily jako pomérné omezend
a extremné terestricka vétev (snad pod vlivem hercynského vrasnéni a
tehdejsiho klimatického rozkolisani) od velmi rdznotvarného okruhu pteri-
dofytniho Profilicineae, které daly vznik téZ pravym kapradindm a rostli-
nam cykasovitym, a to ziejmé od né&jakého okruhu, ktery nemél jeSté nalezité
vyvinuté dvojteCkované tracheidy, tedy paralelné (a moznd i drive) ke
skupiné Gnetineae. Ve starS$im mesozoiku nutné musime predpokladati jiZ
existenci velmi riznych ¥a4dd a Celedi i kdyZz se je§té n'kde v uloZeninach
jejich zbytky hromadné neobjevuji, nebot v pozdni fazi spodni kiidy jest
cely tento okruh jiz roztfiStén ve vSechny podstatné dneSni taksonomické
hlavni jednotky. Podle povahy a geografického rozSifeni raznych kvéten
v pozdnim paleozoiku a v mesozoiku i podle zplsobu fosiliaéniho zndmych
nalezli musime pfedpokladati, Ze vyvojové kotfeny angiospermi tkvi v kvé-
tené permokarbonské euramericko-kathaysijského padsma (tropy-subtropy)
a to v oblastech tehdejSich vyvrdsnénych pohofi. Neni vSak Zadného
podkladu, pro¢ kldst misto jejich vzniku pravé do oblasti indomalajsko-
pacifické, jak se tak Casto s oblibou posledni dobou pfedpokladd. Jejich

60



vyvoj Sel z poatku asi zna¢né pomalym tempem, nebot od doby, co zndme
prvni nalezy angiospermidniho pylu (spodni karbon), uplynula velmi dlouha
doba, nez se objevily nékteré jejich vzacné zbytky makroskopické (listy,
dieva; rhit, lias). Soudé nejen podle Casového sledu nélezd, ale i podle
morfologickych a anatomickych vlastnosti dosud Zijicich typt soudim, Ze
hlavni vyvoj mél t¥i zdkladni faze, jeZ zanechaly zejména stopy v orga-
nisaci kvétd. Mluvim proto o I., II. a III. vyvojovém stupni. Tu celkem sou-
hlasim s Deylovym pojetim jejich rozvoje. Rizné typy pak nestejno-
mérné na nékterém z téchto stupiil zaostdvaly a po pfipadé odStépovaly
i postranni vyvojové vétve, jakési derivaty, pfizpisobené po pfipadé i na
zcela specidlni Zivotni prostfedi (sympetélni, amentiferni, vodni, hmyzo-
Zraveé, saprofytické, parasitické a pod.). Kdy a jak se takové linie odStépo-
valy nebo ve vyvoji zaostdvaly, dd se odhadnouti do jisté miry z jejich
anatomické povahy, rdzu kvétd, velmi €asto i z povahy pylu.

S ohledem na tyto i jiné okolnosti projedndvané bliZze v nasledujicich
anglicky sepsanych statich pifedpokladam, Ze jiZ samotny permokarbonsky
zaklad, ktery pozdé&ji dospél k angiospermii, i kdyZ byl jisté zna¢né uzky,
jisté byl jiz roztiiStén ve vice od sebe se rlznicich typlt. Proto nejsem
toho néazoru, Ze by bylo moZné sestaviti veSkeré angiospermy v jeden
jediny spoleény rodokmen. Taksonomicky zde vymezuji proto celkem
6 vyvojovych okruhd, u kterych snad se daji predpokladati kvéty hetero-
genni povahy (Trochodendrineae, Eucommiocercidiphyilineae, Amentiferi-
neae, Urticoplatanineae, Centrosperminedae a Geraniorhamnineae), a 11 okru-
ht, u kterych snad mzeme piedpokladati s jistou pravdépodobnosti kvéty
réazu homogenniho (Polycarpiceae, Dilleniineae, Canellineae, Hamamelidineae,
Rhoeadineae, Cruciferineae, Parietaleae, Saxifragorosineae, Columniferotri-
cocceae, Guttiferomyrtineae a Umbelliferocelastrineae; vedle toho téZz dva
prastaré sympetalni derivaty: Sapotoprimulinece a Thymelaeoproteineae).
Rostliny monokotylni se nam v této soustavé objevuji jako specidlni
derivdt od okruhu polycarpického a samy pfedstavuji nejméné asi 6 sa-
mostatnych vyveojovych linii. Nemyslim vSak, Ze by tu bylo mozné mluvit
o polyfyleti€nosti v tom smyslu, jak posledni dobou mnozi prohla$uji
(Emberger,Lam, Kuznécov, Greguss a j.), totiZ Ze by kofeny
jejich vzniku tkvély ve dvou nebo tfech, po pfipadé i vice naprosto riiz-
nych vyvojovych vétvich pteridofytnich. Mnohem pravdépodobnéji se zde
jedné jen o rozpad ur€itého tGzkého pfibuzenstva razu skupiny Profilicineae
jeSté pred dosazZenim angiospermie.

S ohledem na naSe omezené tiskové ‘moznosti musel jsem i anglickou
stat osvétlujici blize tyto ndzory proti pGvodnimu zédméru podstatné
struénéji upravit a upustit od vykladd mnohych obecné znamych zjevi.
Laskavy Ctenaf muZe si vSak bliz§i pouceni o takovych otdzkdch nalézti
v literatufe na konci tohoto spisu citované. Povazuji pak ke konci za milou
povinnost podékovati za anglickou Gpravu celé hlavni stati panu Dr. V1a-
dimiru Jindrovi, ktery se tohoto ne priavé snadného tkolu s ne-
v8edni ochotou a GspéSné€ ujal, a pak mému piiteli univ, prof. Dr. F. A.
Novédkovi za laskavé pfedbézné prohlédnuti k tisku pFipravovaného
rukopisu.
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®. HEMEHII:

UsbiCKaHMa MO BOMPOCY NMPOMCXOKIEHHUS U (PUIOTE€HETH-
YECKOro pasBUTHS NMOKPBITOCEMEHHbIX pacTeHHiH

NPEOWCJTOBUE,

TeoperHueckHe H3BICKAHHs, KOTOPHIE s IMPHBOXKY B HHXKecIeAylomeH
crarbe, HANUCAHHON HA AaHIVIMHCKOM $3BIKe, NPEACTABIAIOT, B CYIIHOCTH,
BTODPYIO UaucTh MoOel paboThl ¢ TOH JKe TeMaTHKoOH, manucanHo# B 1950 r.,
B KOTOPOH 5 M3JOXKHJI CBOH B3IVISAABL, C TOUKH 3PEHHS HAJIEOHTOJOra, Ha
PA3BHTHE H TAKCOHOMHIO PACTHTEJbHOTO 11aPCTBA, HCKIOUAS €ro CaMbIii MO-
JONOH («HAMHOBEHIIHi») mepHo s W MOP(MOJOTHUECKH M aHATOMHUYECKH HaH-
6o/iee CHOMKHBIF POJICTBEHHBIH OKPYT INOKDPBITOCEMEHHBIX pacTeHHi. 2TO
s clenan YMBIIJIEHHO, T. K. JJAS OLE€HKH 9TOH HauboJsee MOJOMOH TPYIIIBI
HaM JajeKo He XBaTaeT HAlIKWX MaJeOHTOJOTHYECKHX 3HaHHMH, KaK HalnpHMep
y nTepugoHUTOB UIH THMHOCHepM. 3hech HeoOXoxuMO OBIIO 3apaHee H3Y-
YUTb X H3BECHUTDb LIEJBIH PsAJ THIIOTe3 W B3MVIAL0B Ha MOP(OJOTHIECKOE H aHa-
TOMHYECKOe CTPOEHHEe N0 HACTOSIIEro BPEeMEeHH JKHBYIIHX IpeJCcTaBHUTeNeH.
Xapakrep HaJIeOHTOJOTHUECKUX HAXOMKAEHUN U3 9TOTO POJCTBEHHOTO OKpyTra
B OTJIHYHE OT, HAXOXKIeHHH (POCHIBHBIX NTePUAO(DUTOB U THMHOCHEPM CXOM-
CTBOM OOCTOSITENbCTB YaCTHUHO HHOTO XapakTepa: yaile BCero JUIb OThe-
YaTKH JUCTOB. LIBeTHl, MIOJAL ¥ ceMeHa, KOTOpble Obl MOIVIM BHECTH HM3BECT-
HBIA CBET B 3TH BONPOCH M- 1aTh H3BECTHYIO YBEPEHHOCThb, BCTPeyaroTcs
HCKJIIOUHTENbHO peaKo. MTak maneoHTONOTHS JaeT HaM 37eCb OTBETHI BepHee
Ha pasjMUYHblE OTBETBbI, KacaluHecs reorpaHuyecKoro pacnpoCcTpaHeHHs]
HAaIIUX HaXOXJIeHHH, ueM O X MOpP(DOJOTHUeCKOM M aHATOMHUECKOM Xapak-
tepe. [TaneoHTONMOrHUECKHE HAXOXK/IEHHS B JAHHOM CIydae JalOT HaM H3BeCT-
HYIO MMOJJEPKKY TaM, rie HeoOxoaumMo uabexaTh OmMHO0K BO BpeMsl YCTaHO-
B/IEHHUS] OZHOH I'DYNNBLI POJCTBEHHOH TIO OTHOIIEHHIO K ADYro#, a HMEHHO
B TOM CMbICJ€, YTOGB MBI MOIVIM NMPAaBHJIBHO IOKAa3aTh HX B3aHMHOE OTHO-
LIIeHHe ¥ HE ONpeNeNsiid OKPYrd I'eOJOTHUYeCKH JA0KasaHHbIe cTapblie OT POJ-
CTBEHHBIX MM OTHOCHTEJBHO CHHIIIKOM MOJOIBIX. Takxe, 60nee 00 beKTHBHBIH
o6pa3 0 HauGoJee CTaphiIX MECTOHAXOXKJIEHUE MPeICTaBUTENel 3TOM TPYIIIBI
HaM MOTYT JIaTh HMX reorpaHueckoe paclpocTpaHeHHe B NMPOIIJIOM, U 3THUM
u Gosiee sICHBIF B3IVISZ HAa BEChb BONPOC BO3HUKHOBEHHS M Pa3BHTHS.

Bo Bpemsi BceX MOHX CYKIeHHUE, TOUHO TaKKe, KaK u B pa6ore ot 1950 r.
MHO# PYKOBOJU/IM JIBE OCHOBHBIE MBICAH, KOTOpPHIE ueM Janblie, TeM 06oablie
3aXBaTHIBAIOT GOTAHHKOB, MOCBATHBIIHX ce0f pasbACHEHHIO STHX BOIPOCOB,
¥ KOTOpBIE KPACHOH HUTBIO NPOXOAAT HA TIPOTAXKEHHH BCEr0 PasBHUTHS PacTH-
TEeNBHOCTH: MPUCHOCcabINBaHUE K JKHM3HH B YCIOBUSIX ABHO TEPPECTPUUECKHUX
W C 3THM CBSI3aHHAasl ITOCTeNEHHAasl KOHIEHCAlHs M PeAYKIHA PasiHyHbIX
Opra’oB. 3mech 0AHAKO HeOOXOJHMMO HMETh BCErZa B BHJIY H BTODHYHOE
obpaTtHoe npucnocabJIHBaHHe pacTeHHH K WX Gojiee IMepBOHAYANBHOMY XKH3-
HEHHOMY OKDYKEeHHIO, T. €. BO3BpallleHHe B 3HAUHTENbHO ChIPYIO HJIH BOJIHYIO
06CTaHOBKY.

KpowMe Toro s crapaJjics 110 Mepe CHJI M BO3MOXXHOCTEH OLIEeHHBAaTh PaBHO-
MepHO pas3jHyHble CKOIJIEHHs] 3HAKOB, KAK aHATOMHUYECKHX, TaK U MOpPQoJ0-
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ruuyeckux. TyT, IpHHUMas BO BHUMaHHe aHATOMHIO, § NMPHXOXKY K 3aKJIOue-
HHIO, YTO 10 HACTOAIIEr0 BPeMeHH CPaBHHUTEIbHO MaJ0 YAeNASN0Ch BHUMAHHS
B 0COGEHHOCTH (b103MBI B CPaBHEHHH C TeM 3HAUeHHEM, KOTOpoe HpHIIHCO-
BaJIOCh CTPYKTYpPe KCHJEMBI,

Y nuctbeB u crnopodua MOKPHITOCEMEHHLIX DACTeHHil f MpeAnoJarar
B GOJIBINMHCTBE ClIydaeB MaKkpO(HIbHbIH XapaKTep, OAHAKO A JOMYyCKalo, 4yTo
cnopodHIbl MOTVIH BOSHHKATh TaKKe M3 TeJIOMOHJIHBIX (hopMmauuit, y KOTO-
PBIX He JOMKHBI ObLIM OBITH PA3BUTHI IMIACTHHKH, KaK Yy HOPMAaJabHOI'O aCCH-
MHJIALMUOHHOTO JucTa, OTIWUUMBIE XapaKTep AHTHOCIePMHUECKHUX JIHCTHEB
OT THIIA NMAaNOPTHUKOBOT'O MJH IHKACHOTO $1 OObSICHSI0 OCTAHOBKOH INepBO-
HayaJdbHOTO HANpPAaB/JEHHS DPAa3BUTHA B PA3MHUYHBIX HEOTEHHUYECKHX CTaJHsX
BJIHSHHEM SIBHO TePPEeCTPHUECKHX YCIOBHil HX COBEePLIEHHO OTIHUUTENbHOTO
HanpasJeHHsi pa3BUTHA. [loaToOMy MBI BO3MOXKHO H He 3HAeM IIepeXOJHBIX
SIBJICHUH MeXKIY JUCTbSIMH NITePUIO(]HTHOrO U MUKACHOTO XapakTepa H Mexay
JUCTbAMH aHTHOCIEPMHIHOTO XapakTepa.

Yro xacaercsi UBETHOH MOP(OJOTrHH, si NPHXOKY K 3aKJIIOUEHHIO, UTO
aHrMocCnepMHYecKHe IBETHl B ﬁo.nbmHm:TBe ClIyyaeB 3YaHTHOHHOTO Xapak-
Tepa, 1, YTO PasiHyHe 3JeCh MOMKHO IPEJAINOaararb B cnocobe BOSHHKHOBEHHUS
BEHUHKOBBIX MJH K€ OKOJOLBETHHKOBBIX JHCTheB., B OTiHMuMe OT HeHCTBH-
TeJBHBIX YalleuKooOpasHBIX JMUCThEB, KOTOPHE BCerja BO3HHKAAH GJaro-
Jlapsi peyKIHH aCCUMHISIIMOHHBIX JHCThEB, BEeHUYHKOBBIE HJH OKOJOLBETHH-
KOBBbIe MOTVIM BO3HMKHYTb MM K€ NYTeM CTEePHIH3alHH H KJIaxo udHKauK
NepBOHAYaNbHO (PePTHABHBIX CHOPO(MHA (TBIUHMHOK) HJAH H3 PeAYIHPOBaH-
HBIX aCCHMUJISILIHOHHBIX JUCThEB («CTeroduibl»). [ToaToMy He0GX0UMO pas-
JMMYaTh JiBa BUJA IBETOB (s BBOXKY JJfA IIePBHIX — Ha3BaHHe TOMOT € H-
HBIX a JJI BTOPHIX T€TEPOT e HH K X), 4TO €CTeCTBEHHO JO/IKHO TaKkKe
OTpPasHTbCA B CHCTeMe aHTHocnepM. ['OBOPHTb O CTaXHMOCHOPHH y aHTHO-
CIepM, JHUCThS KOTOPHIX, TAKXKe KaK ¥ CHOPOMHUIE 1 IPHHUMAIO 33 (DOpMalUH
MaKpouIbHbIE, 51 CYUATAI0 HE BO3MOXKHEIM; BCE aHTHOCHEPMHYECKHE LBETHl
KOHEYHO (PUIOCIIOPHOTO Xapakrepa.

Ha ocnoBanuu pasiMUHLIX MaJNeOHTOJOTHUECKHUX HAXOXKJEHUH S OTHOLILY
BO3HHKHOBEHHE aHTHOCIEPM K MJaJlIeMy Male030HKY, B KOTOPOM OHH OT-
JENHIHCh KaK CPaBHUTEJbHO OrpPaHHueHHas M TeppeceTpuHyeckas BeTKa (BO3-
MOXKHO, YTO IIOJ, BJAHSHHEM IepPUBIHCKOTO CKIaJKO000Pa30BaHUS U MOJ, BIUSA-
HHEM TOTJAIIHHX KJIMMATHUECKHX YCJIOBHIH), OT BeCbMa Pa3HOBHUIHOT'O OKpyra
nrepupodurHoro Profilicineae, xoTOpble Haiy BOBHHKHOBEHHE JeHCTBHTE/b-
HBIM IAOPTHUKAM H LIUKACHBIM DAacTeHHSM, 4 HMEHHO, BepHee BCero OT Ka-
KOro HHOYIb OKPYTa, Y KOTOPOTO elle KaK CleJAyeT He PasBUThHI JBYTOYEHbIE
Tpaxeuzpl, T. €. NapalIeabHo (a MOKeT ObITh M paHblle) K rpynme Gnetineae.
B Gosee crapmeM Me3030HKe Mbl JOJDKHBI IIPEAINOJOXKHTb HaJHUHE BEChbMA
PAa3MHUHBIX PSIIOB M CEMEHCTB, XOTHA [IOKA YTO ellle HUIJe B OTIOXKEeHHAX HUX
OCTaTKH MaccOBO He OOHApYKHIHCh, T. K. B NMO3ZHEHIIHX '(hasax HIKHEro
MeJia BeCh 3TOT OKPYTr Pas3GHT Ha BCe OCHOBHBIE COBPEMEHHbIE I1aBHbIE TAKCO-
HOMHUecKHe eIUHHIBL [lo XapaxkTepy u reorpaHuecKOMy PacnpOoCTpPaHEeHHIO
pasMHuUHBIX (DIOP B IO3JHEM Nale030HKE M B Me3030HKE H MO CII0CODY
(POCHTIBHBIX H3BECTHBIX HAXOXMIEHHH MbI JIOJIKHBI NIPEAIOAaraTh, YTO0 KOPHH
PasBHUTHs AHTHOCIEPM 3aKJ0UarTcsd B (aope nepMoKapGOHHOTO eypamepH-
YeCcKO-KaTaHCHHCKOro nosica (TPONHKH, cyOTPONMHUKH) a MMEHHO, B 00JacTsX
TOrJAIIHUX Noropui, OAHAKO HET HHKAaKHX OCHOBAHHH, OTHOCHTb MECTO HX
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BOSHHKOBEHHA HMMEHHO B 06JacThb HHIOManalCKO-NMauH(HCTCKY0, KaK 3TO
B mocjeaHee BpeMsi OUeHb YacTO MPeAnonaorawT. X pasBUTHe MPOHCXOHIO
B Hauaje BecbMa MeIJIeHHBIMHM TeMIaMmH, T. K. OT BPEMEHH, OT KOTOPOTro HaM
U3BECTHLI IEePBBIe HAXOXACHHS AHTHOCHEPMHIHON MBI (HHKHHH Kap-
60H), mpoIIeNa O4eHb JJIHHHBIM IEPHOJ BPEMEHH, [T0Ka MOSBHIHCh HEKOTOPHIE
X peJKHe MAaKPOCKONHUEeCKHe OCTaTKH (JHCTbS, JepeBO; per, auac). Ha
OCHOBAHHH BPEMEHHOMU IOCTeZOBATEJNbHOCTH, 4 TaKkKe U IO Mopdooriuec-
KHM H aHaTOMHYEeCKHM KayecTBaM MO CHX IIOp XKHUBYILIHX THIIOB sl CYXKY, 4TO
HX TJIaBHOE€ Pa3BUTHE HMEJIO TPH OCHOBHBIX (ha3dbl, KOTOPBIE OCTABHJIH CleIbl
rIaBHBIM 06pasoM B OpraHHM3aluy LBeTOB. Ha OCHOBaHHH 3TOTO S TOBOPIO
o I, IT, u III crymenax pasBuTHdA. 3xech s1 BCEIENO COIVIACEH C NOHHMAaHHEM
ux pasputruss M. [lepiiom. Pasnuunele THObI HePaBHOMEPDHO B KaKOH TO H3
9THUX CTYMEeHeH OCTaBaJH MU K€ OTHAENANHCh B BETBHM Das3BUTHA, B BHJIE
KaKHX-TO JAEPHBATOB, IPHUCIIOCOOMEHHBIX B C/lyuae HagO0GHOCTH K COBEPIIEHHO
0Cco6BIM crenH(HUecKUM yCJOBHAM (CHMIETANbHOMY, aMeHTH(epHOMY, BOX-
HOMY, HaCeKOMOIOXHparlue, canpopHTHUeCKHe, TaDA3UTHUECKHe H T. JL.).
Korza u kak nojgoGHble JUHHH OTIENANHChE MIH OTCTABAXH C PAa3BHTHH, BO3-
MOXKHO MpeAyrajgarb M0 H3BECTHOH CTemeHH 10 UX AHATOMHUYECKOMY Xapak-
Tepy, BHAY I[BETKA, BeCbMa UaCTO TaKXe M [0 XapaKTepy TBLIbIIbL.

[MpunuMas BO BHHMaHWe 3TH M Jpyrue 0OCTOATENbCTBA, NMPHBEIEHHEIE
B HHXECTEeAVIOUell CTaTbe HaNHCAaHHON Ha aHIVIMHCKOM s3biKe, 51 NPeano-
JIararo, uTo yKe CaMOCTOSTeJbHBIH nepMOKapOOHHBIN 6asuc, KOTOPBIH IO3/-
Hee JOCTHT AHTHOCMHEePMHH, HeCMOTPSI Ha TO, UYTO OH OBII OYeHb Y3KHH,
HaBepHOe OBLI pasjeleH Ha OO0JbIIOE KOJHYECTBO PASHAIIHUXCA MEXIY
co00# THIOB.

[TosTomy s He TpPHAEPKHUBAIOCH MHEHHMS, UTO BO3MOXKHO BCe aHIHO-
CIepMBI COCTaBHTb B OAHO oOIiee POJOCIOBHOe AepeBo. TaxkCOHOMHYECKH
51 3/1eCh BBIJIENISIIO TO3TOMY BCero 6 OKpYroB Pa3BUTHS, B KOTOPHIX BO3MOXKHO
IPeANoNarath UBETH rereporenHoro xapakrepa (Trochodendrineae, Eucom-
mio-cercidiphyllineae, Amentiferineae, Urtico-platanineae, Centrospermineae
u Geranio-rhoomnineae), n 11 oxkpyroB, B KOTOPHIX BO3MOXKHO MPEJIIOJarath
¢ GOJBIIUM BepOsiTHEM IIBeTHl MoMoTeHHOro xapakrtepa (Polycarpiceae, Dil-
leniineae, Canellineae, Hamamelidineae, Rhoeadineae, Cruciferineae, Pa-
rietaleae, Sazifrago-rosineae, Colummifero-tricoccene, Guttifero-myrtineae
u Umbelifero-celastrineae; napsiiy ¢ aTUM JBa UCKIIOUHTENbHO CTAPBIX CHM-
netaabHBIX nepuBata Sapolo-primulineae n Thymelaeo-proteineae). Pacrenus
MOHOKOTBIJIbHEIE B 3TOH CHCTeMe IIPOSIBJASIOTCS B BHIE CHEIHAIbHOrO
JlepHBaTa M3 OKpyra IOJMMKApPNHYeCKOTO M CaM{ IIPEeJCTaBISIOT HEe MeHbIIe
yeM 6 MOYTH CaMOCTOATENbHBIX JUHHUH pasBuTusa. OJHAKO s He AyMaio, 4TO
MOXKHO ObLTO GbI TOBOPHTb O MOJH(DHICTHUHOCTH B TOM CMBICIE, B KOTOPOM
B mociejiHee Bpems ee noHumarnt (mbeprep, Jlam, Kysnenos, I'perycce u ap.),
a UMEHHO, YTO KODHH BO3HHKHOBEHHS B IBYX UJIH TPeX, a MOXKeT OBITb H 60.1b-
IIEM KOJIMYECTBE COBEPIUEHHO PA3JTHYHBIX NTEPHIO(MHUTHLIX BETOK Pa3BUTHS.
I'opaszo mpasponogofHee, UTO 37eCh Mbl HMeeM JeJ0 C pacmajgoM H3BecT-
HOT'O Y3KOTO POJicTBa Xapakrepa rpymnmnsl Profilicineae eme nepen XOCTHKe-
HHEM aHTHOCIEePMHH.

[TpunuMasi BO BHUMaHHe OTPaHHYEHHBIE TleYaTHbE BO3MOXHOCTH MHE
NPHILIOCh TAKXKe H aHMIMHACKYI0 CTaThlo, mojgpobHee OODBACHAIOMIYIO 3TH
B3IVISBI TepepaboTaTh U YIYCTUTH OT UBJ0MKEHHS MHOTHX H3BECTHBIX sBJe-

64



Hui. OJHaKO yHTaTeJ b MOXKET HAHTH OTBETHI Ha TH BOIPOCH! B JHTEpaType,
KOTOpasi MPUBEJEHA B KOHIE Moefi paGoThl, B KOHIle KOHI[OB CUHTAI CBOeH
00s13aHHOCTBIO nmoGiaroxaputh JIp. Baagumupa VMHHAPY 3a mepeBoa® Moei
paboThl O AHIVIMACKOTO $I13bIKA, KOTOPBIA C HCK/IIOUMTENbHBIM YCepaueM
MCIIOJIHHI 3TY CJIOKHYIO U HeNPHBBIYHYIO paboTy, a TakxKe npodeccopa yHH-

~BepcuteTta [p. ®. A. HoBaka 3a npocMOTpP PYKOIIHCH,

F.NEMEJC:

On the Problem of the Origin and Phylogenetic Development
of the Angiosperms

I. Introduction.

Today, the Ang‘osperms indisputably represent the most widely spread
plant type. Fossil evidence clearly shows that their phenomenal rise to
a place of dominance goes as far back as the middle phase of the Creta-
ceous. As a plant type still living in great numbers, they are, therefore,
thrown open to our observation, decidedly more so than any lower
organized plant groups from which only relicts have come down to us,
or which became entirely extinct long ago. In spite of this, there is a great
number of problems, or at least certain impossibility of taking any definite
statements as to their origin, and many features in their morphology are
still wrapped in a shroud of mystery.

During the last two decades there have arisen many doubts about the
so far suggested morphological interpretations of various angiosperm
organs, particularly the fleral organs, which must be correctly understood,
should the conclusions with reference to the whole phylogeny and the
system of this most progressive plant group be of any scientific value.
It is the discovery of a whole series of extremely primitive vascular plant
types dating from the Silurian and Devonian (the group Psilophytineae and
some primitive pteridophytic plants most closely related to it) which has
shown so many classical morphological theories (together with the ana-
phyte theory dealing with the morphological basis itself of the body of
the higher organized plants) in a very artificial light. There are several
reasons for it, resting, to a great extent, on the kind of our palaeontlogical
knowledge of this group.

First of all, in spite of an enormous abundance of fossil remains, our
palaeontological knowledge of the basic principles of the Angiospermae is
the poorest, when compared with what is known about all the other groups
of vascular plants. Their fossil record is mostly represented by leaf im-
prints; disproportionately more rare are fossilized fruits and seeds, whereas
flowers or their parts stand entirely in the background. Because of an
amazing possibility of convergences, mere leaves are, of course, the least
suitable material for considering phylogenetic evolution and mutual rela-
tionship. They may prove a good criterion in palaeogeographic researches,
especially if due attention is paid to considerations resulting from a better
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knowledge of fruits as well as seeds and from modern palynological
discoveries. Here, too, the greatest difficulty lies in that the Angiosperms
appear relatively late, that is, as late as the middle phase of the Cretaceous,
when all the families, which have persisted up to now, seem to have
been entirely fixed. Angiosperm fossil evidence from older periods is
so scanty that whatever we possess does not give us any idea as to
their relation to the Gymnospermae or Pteridophyta. The second strange
' fact is that, despite an enormous variety in forms, this group shows a more
than amazing homogeneity in certain fundamental features (axillary stem
branching, structure and arrangement of vascular bundles, fundamental
features in pollen-grains as well as the mode of their germination, double
fertilization, mode of production of endosperm) which is in support of the
so far current opinion as to a rather monophyletic character of its origin.
On the other hand, an enormous diversity prevailing in various minute
characteristics is a source of innumerable combinations and permutations
in which we get, as it were, drowned and easily lose a general survey.
The third difficulty lies in the present-day general conception of the mor-
phology of these plants; according to it the Angiosperms themselves were,
until not long ago, the only subject of researches and no due attention was
paid to an appropriate interpretation of the structure of their bodies, based
on the knowledge of the primitive vascular plant types we know of. Only
recently the latter method has been taken up, and this has given rise to
many most different and contradictory ideas.

The aim of this paper is not reveal any fundamental new facts in
this maze of problems, but first to evaluate all hitherto acquired know-
ledges, and then to arrive at certain basic principles of the origin and
development of the Angiosperms which would agree with their palaeonto-
logical record and serve as a basis for establishing some definite outline
of their system.

4

II. Origin of the Angiosperms and Their Development in the Cretaceous.

In solving this problem we must, first of all, confess that a great
many errors which have slipped in our views are due to a rather imperfect
picture supplied by various fossil records from the history of the plant
kingdom as a whole. The basic idea that morphologically and anatomically
more complex forms are to be derived from more primitive, or, stated in
better terms, from simpler types is, to a great extent, justified. Only some
facts, based on phylogenetic researches that have been carried on for
about the last three decades have to be added: Ancestors of such advanced
types are not to be looked for among primitive, although appropriately
specialized, groups, but among such Palaeozoic types in which conditions
of both fructification and anatomy were far from being so definitely fixed
(e. g. with reference to the Cycadales, not among -highly specialized
pteridospermous orders Lyginopteridales or Medullosales, as is often done,
but more probably in the neighbourhood of the orders Dicksonites, Eremo-
pteris, Pteridozamites a. 0.). To the author’s opinion the chief error lies in
the fact that such considerations are still too rectilinearly established on
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tracing the main plant groups (the Psilophytineae in the Devonian, the
Pteridophyta and Pteridospermae in the late Palaeozoic, more advanced
Gymnospermae in the Mesozoic) without poying due attention to palae-
biologic as well as palaeoecologic conditions and especially to the whole
dynamics of events actually conditioning the entire phylogenetic develop-
ment of vascular plants, that is, more and more ingenious adaptation to
life on dry land exposed only to a greater or a lesser amount of periodical
precipitations. Here we must admit that the most fossil florae we know are
rather strongly hygrophilous; it is only at such places as marshy lowland
areas, sea-coast deltas, large inland coal-forming sedimentary basins that
fossilization is duly ensured in great amounts, whereas in typically dry-land,
hilly, or even moutainous areas this process could have taken place only
on a very small scale. The sediments of hilly or mountainous regions dating
from considerably old geological times had not at all the chance of ‘being
preserved due to their smaller extent and, moreover, because in the course
of time they were to a greater degree subject to being washed off. It is
only since the Cretaceous and chiefly the Tertiary that larger or smaller
deposits of this kind begin to occur. It must be therefore above all realized
that truly terrestrial floras belonging to older geological phases are practi-
cally unknown. In spite of this, here and there, some elements of these
floras have come down to us (of course, in a very poor state, e. g. pieces
of silicified stems, leaf petioles, pieces of wood, a. o.) if carried away by
water streams from their original sites and deposited in large sedimentary
basins. In that case they often show far more advanced features than do
the autochthonously fossilized forms predominantly occurring with them.
This circumstance has to be taken into account in the first place, when
such a strictly terrestrial element, as are just the Angiosperms, is
concerned.

Finally, there is still another circumstance which in considerations of
this kind is usually rather spontaneously overlooked. Most phylogenetic
considerations are based on autochthonal fossil record yielded by the
already mentioned sedimentary areas, because, upon the whole, we do not
know much mote from older periods. A more detailed examination of these
elements, however, shows that most of them became adapted to such
moist conditions secondarily. When tracing the morphology and anatomy
of various autochthonal fossils we can easily see that the real primary
hygrophilous types (it cannot be denied that the aquatic environment was
actually the cradle of all the vascular plants) were since Silurian and
Devonian tirnes rapidly decreasing in numbers, whereas type secondarily
adapted to such environments became more frequent. We may ask what
is the cause of it. No due attention is being paid to this problem either,
although the answer is very simple. The rate of the evolutionary process
in the plant kingdom depended largely on the formation of the relief of
the continents. In certain periods the continents were subjected to violent
mountain-forming processes which were always accompanied by sudden
fluctuations in climatic conditions. All this, of course, affected, or at least
accelerated, the development of, and apparently gave rise to, a whole
series of new strictly terrestrial types which under suitable circumstances
became secondarily adapted to moist conditions. This process was steadily
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increasing in intensity in proportion to the progress of denudation of
mountainous and hilly areas, and caused these types to descend to lower
places, sometimes even to areas of moist sedimentary basins. An excellent
example for this is the Palaeozoic group of Cordaites and Walchice whose
ancestors can hardly be looked for among the old hygrophilous flora of
the Carboniferous and Devonian sedimentary basins. Much more in common
with their ancestors seem to have some allochthonous fragments and
branches most frequently known as Pityeae. The same has to be applied
to the origin and development of the Meso- and Cainozoic Angiosperms.
Thus the ancestors of all new plant types, appearing autochthonously in
the course of geological periods, are mostly to be looked for in older, still
typically terrestrial elements which under suitable circumstances descended
from hilly regions to low-land areas or altogether sedimentary basins.
The evolutionary process the sequence of which is: pteridophytic elements
in the Devonian, pteridophytic and pteridospermous elements in the
Permo-Carboniferous, more advanced gymnospermous elements in the
Mesozoic, and predominantly angiospermous elements in the Cainozo‘c—
offers therefore a picture chronologically coordinated, not with the pro-
gressive phylogenetic evolutionary tendency of the plant kingdom, but
rather with the adaptations and descent of terrestrial types (which came
into existence long time before) to marshy basins and lowlands, as well
as with gradual dying-out of primary aquatic and hygrophilous types.
Only indirectly is this process coordinated with the actual formation of
new plant elements. Although not to all consequences, it is on this pheno-
menon that some up-to-date considerations as to the origin and spreading
of the angiospermous element are based (e. g. D. I. Axelrod in the
U.S. A . and V. A. Vachrameev in the U. S. S. R.). There are, there-
fore, quite a good many reasons for the assumption that the origin of
the Angiosperms is to be looked for outside the low-land or sedimentary-
basin areas. :

There arises, of course, the question whether we have a sufficiently
strong body of evidence in support of the view that such new plant ele-
ments do appear as a rare allochthonous admixture before they become
fully developed in the shape of an autochthonous element found in sedimen-
tary basins. Taking into consideration the whole series of fossil record
from most different geologic formations, this question may be answered
in the affirmative. We have come in touch with this problem when dealing
with the flora of the late Palaeozoic (Cordaites and Walchiae). In this
period, not only some pteridospermous (Cordaites), but also some higher
gymnospermous types descended from their higher sites, as is proved by
rare records of the cycadean types going as far back as the Westphalian,
as well as of the ginkgolean and coniferous types dating already from the
Stephanian, although these plants do not show any appreciable development
until in the Lower and even Upper Permian. The same can be stated with
reference to the angiosperm remains occurring during the Upper Triassic
and in the Jurassic. It is especially the recent palynological researches
that have supplied large number of evidence proving this phenomenon:
spores of terrestrial cryptogamous plants found already in Cambrian
strata, spores quite similar to angiospermous pollen-grains discovered
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already in the Lower Carboniferous (by S. N. Naumova in the Moscow
coal basin) and finally numerous indisputably angiospermous pollen-grains
found in deposits dating from the Liasso-Rhaetic (J. S. Simpson, G.
Erdtmann, S. N. Naumové). All this makes it quite evident that
the angiospermous element had been in existence on the earth, of course,
much earlier outside the low-land and basin areas, before it prevailed in
the course of the mid-Cretaceous also in the vegetation of the sedimentary
areas. The so far known circumstances lead us to the assumption that it
was arising perhaps during the late Palaeozoic, that is, under the
influence of Hercynian mountain-forming processes which were accom-
panied by climatic unrest. The period of the Mesozoic orogenetic rest in
the Triassic and Jurassic ensured its development and splitting into
separate evolutionary lines (families and orders) and finally, after a
sufficiently long phase of denudation, ranging from the close of the Pa-
laeozoic to the Upper Jurassic, its descent to sedimentary areas (in the
late phase of the Lower Cretaceous). This is the explanation of the fact
that since the very beginning (in the Barremian, Aptian and Albian) these
areas yield angiospermic fossils of most different groups, as they are
known today, and even sympetalous types. Nor are the Monocotyledons
missing here, although they are very rare in this period; they do not
become more abundant until the Senonian stage of the Upper Cretaceocus.

The problem as to under which climatic conditions and in which
regions this angiospermous plant element came to existence has for a long
time been an, open question. Much may become clear from a detailed
analysis of conditions governing the geological period, into which we have
placed its origin as well as its development, and perhaps, to some extent,
from the analysis of certain phenomena occurring in the present-day
geographical distribution of considerably primitive angiospermous ele-
ments. The investigators who for the most adopt the latter method are
in favour of putting the cradle of Angiosperms into the areas of the warmer
Pacific where so many strange and very primitive plant types still are
to be found on many islands (e. g. the genus Degeneria). Today, however,
we know of indisputably angiospermous remains dating already from the
Upper Triassic or Lower Jurassic (or the Jurassic in general) and found
in regions so distant from one another (i. e. Greenland, England, France,
South Germany, Sweden, Central Asia, South Africa) that only one centre
'of origin would not be sufficient. This fact rather supports the opinion that
the ancestors of the angiospermous plant type represented some con-
siderably common late Palaeozoic plant type which became adequately
modified for strictly terrestrial life. Accordingly, the whole problem is to
be considered from the point of view of various palaeoclimatic and palaeo-
geographic changes taking place during the late Palaeozoic. Investigators
who base on this point of view their theory as to the origin ont only of the
Angiosperms, but also of new plant types occurring in the post-Palaeozoic
periods in general (i. e. gymnospermous types included) most often refer
to the time of the geobotanical splitting of the Palaeozoic flora in the late
Carboniferous and early Permian; they suggest that such new elements
may have arisen in areas which in the Stephano-Permian ice period came
under the influence of periodically increasing and decreasing sheets of
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everlasting ice and snow, i. e. in the Angara area on the northern and in
Gondwanaland on the southern hemisphere. To their opinion it is the
drastic interference of climatic changes by which the formation of new
progressive plant elements was called forth. Analysing impartially the
Gondwana Permo-Carboniferous flora (and analogically also the Angara
floras) we can easily see that, as a matter of fact, these florae comprise
elements doubtlessly adapted and specialized to a rougher climate, but
of no great importance for the general evolutionary progress in the Plant
Kingdom, i. e. only some lateral evolutionary lines which underwent a
strong specialization. These lines, however, cannot be considered as a
source of further progressive descendants: they became specialized at the
expense of their plasticity. Besides, really progressive elements sporad-
ically appeared earlier, not in the colder Gondwana area, but in the then
warm Euramerico- CathaySIa zone. It is just in this zone, where the flora
continued to remain under the influence of a relatwely warm, at some
places considerably moist climate, that as early as the Westphalian we
come across not only rare records of leaves quite similar in shape to those
of the Mesczoic cycadaceous plants, but also Dicranophyllia and other plants
leading to coniferous or ginkgolean types. As a matter of fact, such elements
appear therefore before the famous Glossopteris flora accompanying the
great Stephano-Permian glaciation assumed its place of dominance. There
is no direct link between the Glossopteris flora and the formation of new
more progressive plant types. This flora represents only a pteridophyto-
pteridospermous lassociation adapted to the conditions of a temperate
climate. This whole association becomes for the most part quite extinct
by the close of the Permian and during the early phase of the older Me-
sozoic; only some of its rare elements penetrate into the Euramerico-
Cathaysia zone, where later, due to further changes, levelling up of climatic
conditions and appearance of really progressive (gymnospermous) plant
elements, they die out without leaving any traces (during the Jurassic);
thus nothing of them persist into the Cretaceous and the less so into the
Tertiary.

It is therefore necessary to assume that progressive elements arose
during the Permo-Carboniferous within the then wide Euramerico-Cathaysia
zone whose climate, judging from other circumstances (sedimentation of
coal) was by no means tropical, but rather slightly sub-tropical (at that
time the equator may have passed through the equatorial Tethys sea, from
the area of which no fossils are known so far). The only explanation lies
therefore in the above mentioned assumption that such progressive new
plant elements could have arisen only on mountainous ranges, uplifted at
that period and giving their flora no chance of being preserved, and that,
when these elements were coming into existence, the strictly terrestrial
environment played a more important part than did the decrease in tempe-
rature. All this leads us to the opinion that the angiospermous
element was most probably arising during the
Permo-Carbonifercus within the sub-tropical to
temperately tropical Euramerico-Cathaysia zone,
in mountainous, or hilly regions folded up- by Her-
cynian orogenetic processes; the conditions under
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which this evolution was going on were strictly
terrestrial. This assumption agrees with a number of interesting
results of researches concerning the present-day distribution of various
angiospermous types (see, e. g. J. W. Bew s [1927] and also D. J. Axel-
rod [1952] who starts from B e w's observations). Most progressive
angiospermous types, occurring today in temperate or colder zones, still
have their more primitive relatives in the sub-tropical to tropical zones.
This may well be the inheritance from the ancient period of their arising.

There remains one more problem, namely, which is the period of the
geographical spreading of more progressive elements from the places where
their more primitive forefathers had their habitats for such a long time.
It is commonly known that progressive elements which became adapted
even to colder life conditions formed, in the course of ages, secondary
centres of their geographical distribution. With regard to the character of
the angiospermous flora in the middle phase of the Cretacous (the Aptian,
Albian, Cenomanian), it must be admitted that representatives of almost
all the present-day orders and families were in existence already at that
time. The fundamental splitting must therefore have taken place as early
as the Triassic and Jurassic, which yield extremely scanty fossil record,
i. e. during the period when thermal as well as humidity conditions (judging
from the distribution of Ferns and Gymnosperms of that time) were,
perhaps the ultimate arctic areas excepted, to a great extent stabilized all
over the world. The tropics may have not been so hot as they are today
and, on the other hand, today’s temperate zones may have been warmer
than they are at present. It was after the first attack of the Alpine earth-
movement within the Upper Jurassic and during the Cretaceous that a
more perceptible -zonation seems to have been established on the earth.
And this is also the time, when Angiosperms descended from their higher
sites to assume a dominant position in low-land and basin terrains. It is
of interest that at that time many types showed far greater plasticity than
they do today (e. 9. the genus Artocarpus embraced species able to grow
in areas outside the tropics). It can also be easily seen that specifically
circumpolar Arcto-Cretaceous florae comprising a number of new elements
were formed as early as the mid-Cretaceous (the Cenomanian). Later these
elements established themselves in the arising temperate zones where the
more primitive and delicate tropical, as well as sub-tropical, elements were
gradually disappearing. Convincing palacontological evidence for these
various facts is available and shows that the splitting of the angiospermous
prototype into innumerable numbers of orders and families must have
taken place at least in the late Triassic and early Jurassic; the formation
of secondary centres of distribution of different more progressive or
derived (i, e. special adaptations) elements may then be allotted to the
middle, as well as late, Cretaceous and also to the older phases of the
Tertiary, when climatic zones, called forth by the Alpine orogenetic pro-
cesses, were arising. On the other hand, it cannot be assumed that during
its last phase of development the angiospermous plant element could have
given rise to fundamentally new plant types; most probably, the types
which were unfit to live under altered conditions had to undergo mere
adaptations, or else they had to die out.
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IIL. Relation of the Angiosperms to Other Large Taxanomic
Plant Groups (Fig. 1.).

The fundamental taxonomic relation of Angiosperms is quite evident
from their general morphology and anatomy. It is indisputable that this
type is a decidedly macrophyllous one, belonging as the ultimate evolutionary
group to the series Pteropsidineae-Pteridospermeae-Cycadeae-Gnetineae.
This classification excludes any relation to microphyllous (or sphenops‘d)
groups Lycopodineae, Articulatineae, Psigmophyilineae (i. e. Tmesopsidi-
neae), Cordaitineae, Ginkgoineae and Conifereae, a relation, which has often
been discussed and suggested for at least some Angiosperms (e. g. also the
French palaeobotanist L. Emberger). As regards the arrangement of
leaves, their quite specially complex venation, the presence of vessels and,
in some cases, the mode of fertilization, the closest analegy can be found
in the group Gnetineae. There are, however, certain features in which these
two groups differ substantially; perhaps the most essential one is the for-
mation of scalariform vessels. In the Gnetineae these vessels arise from
a series of tracheides provided with bordered pits so that transverse rows
of these pits get fused into continuous strips. On'the other hand their
origin in the Angiospermae is much simpler: here a fusion of scaliform
tracheides takes place. The same occurs in some cases among the Pteri-
dophyta, where vessels are also exceptionally formed (e. g. Pteridium
aquilinum, some Selaginellae). This, however, apart from other details,
points to the fact that between the Angiospermae and Gnetineae there is
only a relation of convergence and that the gnetinean type split from
substantially more advanced ancestors than did the Angiosperms, i. e. most
probably a little later. This, too, agrees to some extent with palaeontological
evidence. Macroscopic remains of the Gnetinege are extremely rare and
palynologically their greatest distribution can be proved in the late
Cretaceous and early Tertiary. Thus the Gnetineae appear to be a quite
independent lateral evolutionary line which may perhaps be derived from
some macrophyllous, considerably advanced types (perhaps already closely
related to cycadaceous plants or at least to Pteridosperms with tracheides
bearing bordered pits) and which, as regards its leaf arrangement, reached
the same stage of condensation in the blade and veining as did the Angio-
sperms. Quite analogous is the case of the Mesozoic group Caytoniales which,
in its turn, acquired the angiospermous character in the arrangement of
ovaries without reaching the angiospermous nature of leaves. Angiosperms
are to be derived from certainly far more archaic types and their origin
is to be looked for, not among the Gnetineae, but in older periods where
most probably, as will be discussed later, the Pteridosperms, and primitive
cycadaceous plants, still having scalariform tracheides, separated from
considerably primitive macrophyllous pteridophytic types. All this is in
accordance with what has been said about the geological period, in which
the palaeogeographic, palaeoclimatic, as well as geologic, conditions (oro-
genesis, etc.) offered the greatest chance for the angiospermous plant type
to come into existence.
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IV. Remarks on Some Morphological and Anatomical Peculiarities of the
Angiosperms.

1. The macrophyllous angiospermic leaf. — Angiospermous leaves may
be compared only with the gnetalean leaves, especially in the genus Gnetum.
They show a peculiar mode of growth after developing from the buds and
exhibit a unique character of complex venation, quite different from that
found in ferns as well as in pteridospermous and cycadaceous plants. It is
usual for palaeontologists (H. Potonié, P. Bertrand) to consider
them as a stage of a still more advanced coalescence of leaflets of the
original much-divided frondose leaves, i. e. as a further stage of conden-
sation of large fern like fronds. According to them the angiospermous leaf
represents only a further, gradual and more advanced stage of development
of what was achieved by pteridospermous or cycadaceous plants. The
leaves of these plants, however, are very often provided with two leaf-
trace bundles, whereas, according to Sinnott and Bailey, the original
state of angiospermous leaves is a palmately lobate leaf with three vascular
bundles from which forms whose trace supply of the petiole consists of only
one or many bundles are derived. Nor is, in fact, the angiospermous venation
in any way linked with retiform venations of pteridospermous or cycada-
ceous plants, however complex they may be. For this reason we may take
it for granted that this assumption as to the crigin of angiospermous leaves
is not correct and that their origin has to be linked up directly with some
primitive types of leaf formations belonging to some Devonian or Carboni-
ferous archaic plant of a still psilophytoid character, from which both Ferns
and Pteridosperms originated. These leaf formations were apparently of
phyllophorous character (see, e. g. the strange threefold branching of
phyllophores in Botryopteris trisecta Mam. from the North-American Car-
boniferous). It is to be assumed not that such fronds underwent a gradual
and® slow condensation under the influence of a slow adaptation to
increasingly drier conditions but that, due to strictly terrestrial conditions,
such phyllophorous formations became suddenly arrested in their growth
on some initial stage (neotenic stage) from which the course of the
further development of the blade took quite a different direction, with
quite a different pattern of a much denser venation, far more appropriate
for the distribution of water solutions in a dry terrestrial environment
and therefore bearing no resemblance whatever to that of the original
hygrophilous plants. We must,’ therefore, consider angiospermous leaves
(or their blades) as a new formation having with the ancient macrophyllous
archaic Pteridophyta only a common basis. In the arrangement of their
blade we cannot therefore look for anything that would, from the evolu-
tionary point of view, establish direct links with the arrangement of richly
dissected fronds of the Ferns, Pteridosperms, or cycadaceous plants. This
is why the idea of such complex fronds being gradually changed into
entire angiospermous leaf blades is to be considered as too speculative.
It is in fact probable that plant types which were developing from original
hygrophilous prototypes at places sufficiently moist (low-land areas and
coast or inland sedimentary basins with a strong water supply) may have
very long preserved richly divided fronds, for the most part provided with
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slowly growing phyllophores; cycadaceous plants are evidently their best
adapted derivatives to dryer environment. On the contrary the plants
" which were spreading from their original environment to strictly terrestrial
areas (they may have reached them quite passively when the mountain
ranges were being formed by the folding of the earth’s crust) seem to
have been subjected to reduction very early on certain stages of their
growth and formed their blades in quite a different way and of very much
limited growth without contributing to the formation of any transitory
shapes. This is the reason why we do not possess any leaf imprints which
could be regarded as intermediary between these two leaf shapes. The
same may probably be applied to gnetalean leaves.

2. Holoblastic (monopodidal) axillary branching.—The origin of this
phenomenon, so characteristic of some higher Gymnosperms and especially
Angiosperms, has usually been interpreted very forcibly. It was considered
to be a more advanced modification of dichotomous or hemiblastic branch-
ing and efforts were made to prove this hypothesis. Various recently found
fossil remains, however, 'show more and more clearly that both these types
of branching are apparently of the same old age. This view is supported
especially by records of axillary branching in the devonian genus Scougo-
phyton Term. and some Permo-Carboniferous Coenopteridales (e. g. some
species of the genera Ankyropteris and Botryopteris). On the other hand,
however, there are also some rare cases of dichotomous branching in
Angiosperms (the Palm Hyphaene). This problem, too, is to be examined
with regard to the splitting of the ancient flora into evolutionary branches,
which, more or less preserving their hygrophilous nature, assumed a
marked tendency for dichotomous branching, and evolutionary branches
which, being of an adaptable character, went over to strictly terrestrial
areas and predominantly adopted axillary branching (a better protection of
growing points against desiccation). Some records go so far as to suggest
that these conditions in many prototypes of vascular plants were rather
unstable (see the above mentioned Palaeozoic genera). It is just in the
above-mentioned Devonian genus Scougophyton as well as in the cited
Coenopteridales that both the branching types may be found simultaneously
on the same plant. All this, of course, indicates that the origin of such
progressive plant types is to be looked for in substantially ancient times
when plants possessing both kinds of branching were actually occurring
at the same time.

3. Dicotyledony and monocotyledony.—Here, too, investigators differ
in their opinions. All the latest researches.(R. Souéges 1934, 1939, M. S.
Jakovlev 1946, 1950, J. G. Serebrjakov 1952) are decidedly in
favour of the view that the monocotyledonous type is a secondary one.
This opinion certainly throws light on the phylogenesis of the whole mono-
cotyledonous group which, accordingly, branched off from the common
prototype, after this had been already sufficiently fixed in its angiospermous
and its dicotyledonous nature. This agrees, to a considerable degree, with
the fact that Monocotyledons reached their full development later than
did the Dicotyledons, as can be traced palynologically during the Cretaceous
and old Tertiary (i. g. the development of Palms).

4. Relation of herbs to woody plants.—As regards the herbs, many
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recent anatomic researches (E.,W. Sinnott, J. W. Bailey 1914, 1915,
1922; A. L. Tachtajyan [Tachtadzjan] 1948) have clearly revealed that
cont'nuous eustelic systems of vascular bundles, occasionally also the
cambium ring, underwent complete disintegration. Accordingly, the her-
baceous type has to be considered as a secondary one, which became spe-
cialized for particular life conditions. Investigation of conditions under
which herbaceous elements occur most [requently always reveals conditions
less favourable to the growth of woody plants (see, e. g., the relation of the
Gondwana flora to our Euramerican or to the East Asiatic Cathaysia flora
in the Permo-Carboniferous, or the relation of today’s Arctic flora to the
floras of the temperate zone, and the relation of these to sub-tropical or
tropical floras). With the view to the whole system of vascular bundles a
reverse process of evolution is hardly probable. So far all the records show
that exceptional cases of herbaceous plants which became woody again
(that is, woody plants which probably originated from herbaceous plants)
always bear certain characteristics in their anatomic structure, dis-
tinguishing them clearly from the groups of primary woody plants. Today
it is already beyond doubt that herbaceous plants are to be regarded as
a highly specialized element of a secondary character which could hardly
give rise to some quite new lines of evolution.

5. The system of vascular bundles.—As regards vascular bundles as
a whole, the Angiosperms have certain features in common with the more
advanced Gymnosperms. In all cases the systems are substantially eustelic
and their xylem part, as compared with the cortex layer, is extensively
developed. Quite the contrary to this has been found in Palaeozoic woody
plants of the groups Lycopodineae or Equisetineae; the same, to a lesser
extent, applies also to many Ferns and Pteridosperms of that time. But
, allochthonously deposited remains of various stems dating from the same
period (i. e. indisputably parts of plants evidently terrestrial) prove that
such a woody plant type having a thin layer of cortex tissues, but an
extraordinarily bulky cylinder of wood, existed as early as that time, of
course, in hilly or mountainous regions and most probably descended in
the course of time from higher sites to spread also in low-land areas
or sedimentary basins. This spreading took place proportionately to the
degree of its ability to adapt itself secondarily to new conditions (e. g.
in the Permo-Carboniferous the group Cordaitineae, most closely related
to the-group Pifyeae which is known from predominantly allochthonous
records of an evidently terrestrial character). The splitting of the plant
kingdom into terrestrial and into originally hygrophilous plants can be
clearly perceived in these phenomena.

In Angiosperms the eustely remains for the most part typically
developed, but in some plants, especially in Monocotyledons (but also in
some Dicotyledons, though not so frequently) a peculiar disintegration
of the whole cylinder resulted in ataktostely. This phenomenon can be
interpreted by no direct relation to external conditions, but only by an
indirect one, because it was conditioned by a specific arrangement of
leaves bearing numerous leaf-traces and by the mode of connecting these
traces to the corresponding vascular bundles of the stem. Both the
disintegration of the eustelic cylinder in herbs and the origin of ataktostely
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in Monocotyledons show certain quite analogous reductional features, i. e.
the disappearance of the cambium ring. In some cases (e. g. in the family
Araceae) ataktostely is accompanied by an amphivasal character of vascular
bundles, which seems to have some bearing on the multiplication of leaf-
traces (E. C. Jeffrely 1917;—it appears also in the nodes of the stems
of some representatives of the families Umbelliferae and Araliaceae). The
evolution of the angiospermous vascular-bundle system passed from a
typical eustely to ataktostely, and from here to ataktostely accompanied
by amphivasal character of separate bundles. There are only exceptional
cases where the bundles assumed the amphivasal character without the
presence of ataktostely. Here again, the Monocotyledons, .as compared
with the Dicotyledons, appear to be a secondary element.

6. Importance of more delicate onatomic structures of vascular bun-
dles for the taxonomy of the Angiosperms.—Due to the fact that vessels or
tracheae in the Angiosperms developed from a series of subsequent
tracheides, a considerable number of tracheides lost their original functions
and changed into anatomic elements performing other functions, especially
mechanic ones. In the course of the development of different angio-
spermous groups the organization of vessels, too, has been improved in
most various ways. These problems have been dealt with in detail in
a great many books and papers (sse, e. g., bibliography in K. Esau 1950
and A. L. Tachtajyan [TachtadZjan] 1948). It has been made clear
that the improvement of certain elements, e. g. vessels need not be
accompanied to the same extent by the improvement of other building
elements in the xylem part, or vice-versa. This is the reason why, the
more archaic character is retained by a certain plant, the more such
primitive elements are contained in its wood. So far as the vessels are
concerned, this applies to the orientation and mode of perforations in,
their cross walls as well as to the diameter and length of their members.
Other important circumstances of this kind can be deciphered from the
presence and character of libriform fibres, xylem parenchyma and medul-
lary rays, distribution of vessels in the wood and their relation to the
groups of the xylem parenchyma. In studying all these details we often
come to see that many of these phenomena were greatly accelerated by
the adaptation to outside conditions (see, e. g., the comparatively perfect
character of vessels in many amentiferous types contrasting with an
imperfect development of libriform fibres (e. g. the Betulaceae). This may
be in connection with secondary centres of distribution (so characteristic
just of the amentiferous plants). Although the xylem part of the bundles
presents so many combinations that a correct evaluation as to the archaity
of different plant types is sometimes very difficult, taxonomers pay much
attention to the structure of wood.

In estimating the archaity of different plant types, the phloem part
is given far less care than should be done. It is not until in the Angio-
sperms that the building elements, present in the phloem part of vascular
bundles, marked a more intensified evolution and improvement. Main
building elements of the phloem, the sieve-tubes, were not yet appro-
priately developed, e. g., in the representatives of the Devonian group
Psilophytineae or in the tree-like Permo-Carboniferous representatives of
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group Lycopodineae, whereas their tracheides had long before borne various
kinds of sculpturings. Nor do the very much advanced 'gymnosperm types,
the tracheides of which reached the most progressive stages in evolution
(bordered pits enclosing the tori) show any signs of forming typical sieve-
tubes. As a matter of fact, it is therefore in the Gymnosperms that the
entire process of gradual development of the phloem building units can
clearly be perceived. This problem has been studied so much (see K. Esau
orL.L.Tachtajyan [TachtadZjan] l. s.),that the voluminous literature
affords rather a clear picture of the taxonomic value both of the xylem
and the phloem. It is evident that the phloem sieve-tubes developed quite
separately from, and, to a great extent, independently on, the development
of the xylem, especially that of its vessels (notice, e. g., the very primitive
sieve-tubes, as compared with the extremely advanced vessels in the
amentiferous plants). Moreover, if we follow this process in different plant
types, we are more or less inclined to think that the evolution of the
phloem depended far less on the outside influences than did the develop-
ment of xylem vessels and that it corresponds far better to the actual
degree of progressivity in the general evolution. It clearly reveals that
herbaceous elements, when compared with their woody relatives, are of
a derived character as the sieve-tubes in herbs are, to some extent, mostly
more advanced. However, it is also of interest to note that Monocotyledons,
too, embrace types provided with very archaic sieve-tubes (e. g. the
Palms), which indicates that they split from their dicotyledonous ancestors
at a time when their development was very little advanced. For these
reasons the organization of sieve-tubes should be considered as an
anatomic feature of the utmost importance for the solving of taxonomic
problems. In setting up angiospermous evolutionary lines this problem has
been given much more attention in this paper than has usually been done.

7. Problem of reproductive organs (pollen-gains, ovules and embryo
sac).—Pollen-sacs, producing pollen-grains, were, as a rule, very recti-
linearly compared with sporangia (or microsporangia) of the series Filices-
Pteridospermae-Cycadales. Some detailed researches, however, clearly
revealed that this relation is probably too remote (E. C. Jeffrey and
R. A. Torrey), because in the just-mentioned plant series various
dehiscence mechanisms of these organs always arise from surface tissues,
whereas those of the angiospermous pollen-sacs have their origin in inner
tissues, because they are often directly connected with vascular tissues
and only secondarily, due to the reduction of surface tissues, come up
almost to the surface. In this respect a certain analogy can be found in
different coniferophytes (alsc in the genus Ginkgo). This seems to be
another convergent phenomenon occurring with strictly terrestrial types
in contradiction to the whole series Filices-Pteridospermae-Cycadales
which is of a hygrophilous nature and only gradually has assumed a more
or less terrestrial habit. At the same time, this confirms the correctness
of our supposition that Angiosperms must have split from their ancestral
stock in very early times, perhaps already in a psilophytoido-filicinean
stage. '

Angiospermous pollen-grains attained an unprecendented variety in
forms. In types which preserved a considerably archaic .character they
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are rather similar in form to those of some ancient (even Palaeozoic)
Pteridosperms. This, too, supports the above-mentioned theory. Besides,
a great number of pollen-grains showing angiospermous character and -
dating from the older Mesozoic. (the Jurassic in Scotland, in Scania [sou-
thern Sweden], in Caucasus, in Fergana [Central Asia]) and even records
of grains, provided with several apertures, from the Lower carboni-
ferous (Naumovéa’s records from the Moscow coal district) clearly
point to the fact that the ancestors of today’s Angiosperms had existed
long before this group fully appeared in Cretaceous deposits. It was not
until recently that the arrangement of the pollen-grain sculpturings as
well as the composition of their membranes have attracted due attention
on the part of taxonomers, and even today some systematists are rather
sceptical about these phenomena. It cannot, however, be denied that pollen-
grains clear up many uncertainties in the affinities of different plant
types, although we know very well that their development in different
evolutionary lines may have taken parallel courses (see R. P. Wood-
house 1935, 1936, G. Erdtmann 1952). The setting up of large
taxonomic groups and determining their mutual relations cannot be done
without appropriate evaluation of pollen-grains. Then it becomes evident
that Monocotyledons generally are far more primitive in the organization
of their pollengrains than are the Dicotyledons. This fact is evidently
connected both with their relative phylogenetic homogeneity and with
a strongly marked specialization for certain rather definite condition of
life (geophily, hydrophily, etc.).

Angiospermous ovules no longer betray in any how their various
parts came to existence. The function of intercepting pollen-grains, apart
from some quite exceptional cases (some representatives of the family
Polygonaceae, monocotyledonous genus Bufomopsis) was taken over by
covering formations enclosing the ovules, i. e. ovary stigmas. This again
points to a strictly terrestrial adaptation. Most frequently the ovules,
provided they suffered nc reductions of any kind, have two integuments.
A number of Angiosperms, however, are known to possess ovules with
only one integument. So far, it is not quite certain which of the two cases
is more original. Many investigators assume that ovules bearing a single
integument underwent reductional changes. Though with many plants
especially with many sympetalous ones this seems to be very probable,
there is no convincing evidence in support of the view that both the
types might not have existed side by side since the very beginning. In
any case, apart from some exceptions (e. g. the Umbelliferece among
choripetalous plants, or again the Ericacege among the sympetalous plants),
the presence of one or two integuments suggests the four well known
sets of Angiosperms: the set of apetalous, as well as sympetalous, plants
on one side, and the rest of Dicotyledons (all choripetalous) together with
the Monocotyledons on the other. This grouping, evidently unnatural in
many respects, is clearly due to convergences and parallelisms that must
have indisputably played great part in development. Minor details in the
ovule structure, e. g. the so-called eusporangiaty and tenuinucellaty, the
character of the tapetum tissue, etc., have apparently to be interpreted
in a similar way. In this respect many cases of reductions and derivations
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can be found especially with the sympetalous types. It, however, is neces-
sary to point out that, in contradiction to certain indisputable marks of
intensive derivation, they show here strongly archaic features in their
external, as well as floral, morphology.

8. Some important problems as to the morphology of angiosperm
flower.—Innumerable books have been published by morphologists, ana-
tomists,- and ontogenists on the nature of angiospermous flowers. Their
most contradictory opinions are nct to be discussed in this brief summary.
According to the present state of knowledge, based especially on anatomic
details of the receptacle and various floral organs, nothing at all seems
positively to indicate an axile character of any floral organ. All the data
so far available point either directly to the leafy nature of these organs
or make such an explanation acceptable even in considerably disputable
cases. Different kinds of reductions and arrangement of reduced florets
into various dense inflorescences may, -of course, have given rise to
formations resembling simple flowers. In this case separate florets may
be represented by only one stamen or one ovary which assume the position
of axillary shoots (Cercidiphyllum, Salix). There is not, and cannot, be any
doubt that angiospermous flowers represent simple shortened shoots
provided with adequately arranged perianth leaves and sporophylls of
a leafy nature. Yet there are so miany varieties in the behaviour of these
organs that recently there arose a theory about a double nature of
angiospermous flowers (Lam, Emberger, Kuznécov, etc.). Some
palaeobotanists distinguish two different types of Angiosperms, one arising
from coniferoid ancestors and one, from some cycadoid stock; others
introduce here the notion of stachyospory and phyllospory. Greguss
assumes three such basic types at all. This would, of course, mean that
Angiosperms have at least a double origin. If we consider them to be
a specifically macrophyllous plant group, as stated above, such considera-
tions admitting a double basically different nature of their flowers are
becoming quite absurd. All the phenomena which may make such inter-
pretations acceptable (e. g. different behaviour of stamens or carpels in
ontogeny, their position and their mutual relations in their maturity,
‘different nature of petals, branched stamens, etc.) must be studied without
any prejudice, i. e. from the same points of view as we have done when
considering the origin and modification of assimilating leaves. It should
be realized here, tco, that sterile assimilating leaves as well as fertile
leaves or sporophylls necessarily had to undergo similar changes when
the whole plant was becoming adapted to strictly terrestrial conditions,
i. e. here, too, the development became arrested on a neotenic stage to
allow, later, the appearance of forms of growth quite different from those
present in their relatives which persisted to live in decidedly moist
conditions. And it certainly depended very much on the extent of phyl-
loidization to which their general character and organization, no doubt
originally strongly telomoid, had been subjected, before they passed to
conditions strictly terrestrial. Besides, the organization of many primitive
Ferns from the transition periods of the Devonian to Lower Carboniferous
shows that, after the differentiation of macrophyllous fronds into sterile
leaves taking over exclusively assimilating function and into leaves bearing
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henceforward reproductive organs, the sterile assimilating leaves and the
fertile sporophylls (both of macrophyllous character) very probably began
to develop quite independently in their own way. In spite of their originally
common basis (the great telom system with a lateral orientation and
a tendency towards a limited growth), angiospermous assimilating leaves
and sporophylls cannot, therefore, be of the same morphological value.
In view of the fact that some fertile floral organs may secondarily lose
their fertility and change into sterile parts (e. g. stamens into staminoida
or perianth leaves), the assumption that many floral parts, particularly
some perianth leaves may be a reductional product of sterile assimilating
leaves as well as of sterilized sporophylls, is certainly fully justified (in
many cases also proved by experience). And, in fact, the sepals in plants
with two perianth whorls point, by quite a number of features (venation,
anatomy of leaf-traces, mode of phyllotaxy), almost indisputably to their
originating from assimilating leaves. The origin of perianth leaves or
petals, however, is quite a different matter. They very often rather
distinctly show (Wlater-lily, Rose, etc.) that they arose from sterilized
stamens. For that reason they share with them analogue leaf-trace ana-
tomy, their venation for the most part differs from that of sterile leaves
and is rather dichotomously branched; also in other respects their anatomic
structure is far more primitive. It seems, however, that such an explana-
tion of the origin of perianth leaves or petals cannot be applied to all
cases; this has been specially pointed out by A. J. Lam who based his
theory of a double character of the Angiosperms on very such features
(as well as, of course, on other phenomena). There are apparently also
very many plant types where perianth leaves or petals were brought into
existence directly by reduction and adequate arrangement of assimilating
leaves which were originally sterile. And it is known that sporophylls in
most different ancient plants were often concentrated on certain branches
of limited growth with no sterile leaves, whereas in others, although
closely related, the same shortened axes displayed both sterile leaves and
sporophylls, often alternating (e. g. in the group of the Palaeozoic Equise-
tales the strobili of the order Equisetites had only fertile sporangiophores,
whereas those of the genus Calarnites bore alternating whorls of both
sterile leaves and sporangiophores). Even here, in the angiospermous

prototypes, both possibilities are to be assumed: on the one hand axes

shortening into flowers provided exslusively with sporophylls some of which
changed later into sterile covering leaf-like formations, and on the other
hand axes shortening into flowers which bore a great number of sporo-
phylls as well as, on their lower portions, numerous sterile leaflets which
soon began to take over the function of perianth leaves so that it was not
necessary for the sporophylls to change into perianth leaves by steriliza-
tion. In the latter case it is then quite evident that as long as the whole
nature of such an arising floral formation was still of a strongly telomoid
and relatively plastical character, also the adaptation to terrestrial con-
ditions may have, to some extent, contributed to the descent of sporophylls
to positions sufficiently covered by sterile leaves, just as is seen, e. g.,
in the strobili of the Palaeozoic Calamites, i. e. in extreme cases it may
have been the cause of an obdiplostemonous or an epipetalous arrange-
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ment of the sporophylls. And, in fact, in many angiospermous plants where
the supporters of the so-called stachyospory assumed that perianth leaves
were of another origin than the stamens, obdiplostemony or epipetalous
position of stamens can be found. L am and other supporters of the new
morphology interpret these phenomena as being due to an axile origin
of the stamens, which are therefore situated at the axil of the perianth
leaves. In accordance with the result of various anatomical research work,
it is, however, more correct to assume that sporophylls and sterile leaflets
in question descended as early as the flowers were being formed (there
was no shifting of rings of the floral organs in the fully established
flowers, as was explained by the classical morphology) to adequate
covering positions analogous to those seen in so many cases of Palaeozoic
equisetalean strobili. It is, of course, obvious that such position of sporo-
phylls in respect to perianth leaves may be attained secondarily in other
ways as well, e. g. probably in the families Saxifragaceae, Primulaceae,
and in some genera of the family Rosaceae (just as on the other hand,
flowers bearing stamens normally alternating with perianth leaves [e. g.
genus Linum in the order Geraniales or in the families Nyctaginaceae and
Batidaceae, belonging to the centrospermous series] may, by the reduction
of a stamen ring, develop from flowers originally obdiplostemonous).
According to the origin of the perianth leaflets or petals two types
of angiospermous flowers may be distinguished, even if both these floral
types have the same, i. e. euanthium, basis: 1. homogenous flowers
where the shortening fertile shoots originally bore only sporophylls and
where perianth leaves or petals developed secondarily by sterilization and
re-phylloidization of the lowest sporophylls (i. e. marginal stamens) and
2.heterogenous flowers where the shortening shoots bore
besides the sporophylls also sterile leaves, in which case the sporophylls
did not lose their fertility, nor did they get modified into perianth leaves,
because the sterile leaves afforded the necessary protection since the very
beginning. To distinguish which of the two flower types really occurs in
today’s plants is not at all an easy and simple task. A whole series of
comparative researches have to be made in the wide affinity spheres, and
even the true nature of the flower may not be appropriatly determined
owing to the fact that the origin of the flowers is of such an ancient
geologic past that it is beyond our imagination to conceive how much of
their original character was wiped off in the course of their development
and by adaptations to strictly terrestrial conditions to attain such features
which offer no possibility whatever of recognizing the original state. The
above-mentioned reasons lead to the conclusion that many features and
characters considered by L am and other supporters of the “new morpho-
logy” to be characteristic of their stachyosporous types are, in fact,
characteristic of our types with heterogenous flowers and, vice-versa,
properties and phenomena, regarded by the supporters of the “new
morphology” as distinctive of their phylosporous types, are distinctive
of our plants with homogenous flowers. From all this, however, it follows
that with the Angiosperms the stachyospory may be considered as an
illusory phenomenon. All angiospermous flowers are of phyllosporous and
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euanthious character; differences may be assumed only in the nature
of the perianth leaves (resp. petals).

Like all originally abundantly divided parts of plantbodies, various
floral organs and even entire angiospermous flowers are, during their
development, subjected to different reductions and pitiless condensation
law formulated by P. Bertrand. This law manifests itself to a specially
great extent where the original flowers were most probably of very small
dimensions. In this case the number of floral members constantly decreases
and the flowers themselves get massed into various inflorescences in
which sterile leaves are reduced. This process may go so far that finally
_only one stamen or one small ovary is all that is left. Then the florets,
thus to various degrees strongly simplified and densely grouped on axes
of higher orders, finally give rise to formation which are to a great extent
and in many respects similar to simple flowers: they have relatively
slender stalks, fall off from the main axes as a whole, their bracts may
display bright colours. Many of them recall flowers of some archaic plant
species provided with relatively elongated receptacles (catkins of some
amentiferous plants remind of simple flowers of the ranunculaceous
genus Myosurus, euphorbiaceous cyathia have the appearance of almost
normal simple florets with a small number of floral members and usually
low receptacles, many heads or capitula of the Compositae or the family
Proteaceae as well as araceous floral spadices provided with bright spatha
often remind of some large flowers with numerous floral organs. In such
cases the individual flowers are often unisexual, one of the two sexes being
often suppressed as a result of reductional changes. It is not surprising
that some botanists, taking for granted that large bisexual flowers
developed by reduction from large inflorescences originally comprising
simple florets of one isolated sex, should have explained such processes
quite inversely (theory of flowers of pseudanthium character). If, however,
all such cases are studied without any prejudice, we finally always come
to the conclusion that the original nature of the simple flowers seems
to have been bisexual in all cases (frequent remains of reduced organs of
the other sex). Many inflorescences already affected by such strong
reductions (see, e. g. catkins of some representatives of the family Juglan-
daceae or Betfulaceae) were aga’n exposed to new reductions, coalescences
and plagiotropic arrangement of flowers or of entire miniature axillary
inflorescences. These changes resemble very closely the reductions and
plagiotropic arrangement of axillary fertile strobili in the female coniferous
cones. And this phenomenon greatly contributed to considerations about
the relations of some angiospermous plant groups to the coniferous type.
It is, however, to be regarded as a mere convergence occurring with
angiosperms only in a small number of cases (practically only in some
amentiferous types), whereas it became the rule with the Coniferae. One
of the most extreme cases of such floral reductions which lead to
inflorescences similar to mere simple flowers is, apart from the euphor-
biaceous cyathia, also the “flower” of the genus Cercidiphyllum. Here, on
a shortened axis, at the axil of each of more or less opposite bracts
looking like greenish dry-membraneous perianth leaves, there is one ovary
or one little group of stamens. Everything is so condensed here that even
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the shortened portion of the axis bearing these organs makes the impres-
sion of being only a slightly elongated receptacle (see also B. G. L.
Swamy—J. W. Bailey 1949). It is not surprising-that this inconspicu-
ous and tiny type of inflorescence should have been interpreted in different
ways; some considered it to be a type of such flowers as are found in
the group Polycarpiceae, others regarded it as a typical case of the origin
of a stachyosporous flower where stamens and ovaries, as axile organs,
are still to be found in the axil of bracts. In reality we have to do here
only with a very much reduced catkin inflorescence with flowers reduced
to only one small ovary or one small group of stamens; these ‘“‘flowers”
cannot be compared with those of the genus Trochodendron or with any

other type of flowers found in the archaic orders Magnoliales or Ranun-
culales. ;

V. General Process in the Development of the Angiosperms and Their
System in the Light of Considerations Discussed in Sections II and IV.

From considerations stated in section II it follows that Angiosperms
arose from some ancestors standing somewhere on the boundary of Pro-
filicineae (e. g. Coenopterideae) and Pteridospermae, as some strictly
terrestrial evolutionary branch, parallel with the more hygrophilous
evolutionary series Pteridospermae-Cycadeae-Gnetineae (see Fig. 1). They
passed over to angiospermy at about the close of the late Palaeozoic
or a the beginning of the early Mesozoic at a time when different groups
reveal a general tendency towards concealing ovules into closed receptacles.
It is the late Triassic and Jurassic that are to be considered as the period
when the splitting of this plant element into a whole series of independent
groups (orders, families) took place, because in a more advanced phase
of the Lower Cretaceous many of these begin to appear in such a form
which differs in nothing essential from the types of today. This short
period excludes any possibility of setting up a long and complicated
pedigree, as is so ofter assumed in illustrating their phylogeny or their
mutual relationships. The entire splitting of the ancestors of the present-
day angiosperms could not have happened in the form of a gradual and
slow separation of more and more advanced forms, as can be traced in
the development of the Ferns where the process of separating was going
on succesgively from the Devonian till the Cretaceous, but it must have
occurred very quickly, as if on a sudden, probably at the time when the
angiospermous ancestors were penetrating into strictly terrestrial areas,
which were the result of the Hercynian mountain-forming processes of
the lower and the middle phase of the Carboniferous. The Angiosperms
most probably represent as integral and suddenly segregated an evolu-
tionary branch as are, e. g., the Bennettitales in the Mesozoic. The Bennei-
titales reached the zenith of their luxuriance earlier, i. e., as early as the
Triassic, Jurassic and Lower Cretaceous, because they came to existence
most probably nearer, or even directly in, low-land or moist basin areas.
The Angiosperms on the other hand, as an element originating in strictly
terrestrial areas, descend to sedimentary areas comparatively late to attain

83



S

ineat _—

1

1

I

; . .

| I

: j ; :

T e t

2 ; Jriassic and 1 .

Devonian Jermocarboniferons” jrq ssic | Cretaceous E]Erfzary

Fig. 1.
Schema vyvoje vysSich rostlin (Telomophyta) ukazujici vztahy angiospermi
k makrofilni vyvojové vétvi. >
Scheme of the evolution of the higher plants (Telomophyta) showing the rela-
tions of the Angiosperms to other macrophyllous evolutionary lines.

here their maximal distribution with great delay, only after the extinction
of the bennettitalean element; their descent to the sedimentary basins
depended to a great extent on he denudation of hilly and mountainous
areas. In its final phase this whole process may have been accelerated by
the beginning fluctuation in climatic conditions brought about by the
initial stage of the Alpine folding, which, of course, did not reach its
maximum until the Tertiary.

The above-mentioned reasons make us assume that the prototype of
the Angiosperms very early and within a comparatively short period split
.into a greater number of evolutionary trends forming simultaneously types
with homogenous flowers and types with heterogenous flowers. The more
did the cladodification (foliarization) of their telomoid organs develop,
the greater progress was certainly achieved by the types bearing homo-
genous flowers. During the older phase of the Mesozoic the trends which
thus came into existence séem to have gradually and in some genealogic
sequence given rise to a number of evolutionary branches which we
consider as definite orders and families. This process must have come to
an end in the older phase of the Lower Cretaceous (by about the period
of the Cenomanian stage). Accordingly, the following three evolutionary
periods are to be assumed for the origin and development of the angiosperm
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element: 1) some rather preparatory period during which their common
prototype passed over to strictly terrestrial areas, adapted itself to the
new conditions and perhaps simultaneously formed primitive closed little
ovaries from entire carpels, affected by a considerable reduction, 2) aggre-
gation of reduced sporophylls to primitive flowers of apocarpoid character
and apparently simultaneous definitive formation of some fundamental
plant types which became the basis of the fundamental evolutionary trends,
3) during the older Mesozoic (the Triassic, the older phase of the Jurassic)
if not before, there must have taken place the gradual development as
well as splitting of the fundamental trends and the branching-off of different
specially adapted types (e. g. types adapted for colder climatic conditions,
for moist conditions or for directly aquatic environment, various xero-
morphoses and saprophytic, parasitic as well as insectivorous types) and
of most sympetalous types. Among the separate fundamental trends, the
sympetalous types, after all, represent only a further stage of development
in which the young reproductive organs become enclosed as best as possible
to be protected against the dry conditions of strictly terrestrial environ-
ment.

In the last of the three periods also a gradual progress in the arrange-
ment of the flowers must certainly have taken place. The flowers so
markedly characterize the different angiospermous plant types that they
belong to the most important phenomena on which the taxonomy of
Angiosperms has always been based upon. Here, too, ds shown by the
floral morphology, three main phases are to be assumed: 1. condensation
of floral organs in an indefinite number and their spiral distribution on
the shortening receptacle; 2. reduction in the number of floral organs

" with a tendency towards their descent in a whorl-like manner and a mutual

coalescense of small ovaries; 3. transition from an indefinite number of

floral membres to a strongly reduced and often quite definite number of

membres descending into conspicuous rings; this process is mostly
accompanied by the hollowing-out of the receptacle and a gradual sub-
mersion of fertile members (inferior ovaries).

This whole complex course of evolution affecting the arrangement of
the flowers was simultaneously, yet not quite to the same extent accom-
panied by a successive disappearance (due to reduction) of the seed
endosperm, a gradual complication of pollen-grain sculpturings and an
improvement of anatomic features of the vascular bundles.

All the separate evolutionary trends and their lateral lines did not, of
course, pass through all the three above-mentioned phases. Sooner or
later, some of them became arrested on the very first or the second stage
without reaching more advanced stages. It may have been of consequence
whether they had other chances of adapting themselves to the changing
life conditions. And so far as the plant types had no longer the necessary

plasticity in either respect, they were even becoming extinct. This is

confirmed by palaeontological evidence, e. g., when the flora of the middle
phases of the Cretaceous is compared with the floras of the older Tertiary.
At the same time also types adapted to quite special life conditions were
coming sporadically into existence; we can consider them as a series of
lateral derivatives, which, however, due to their one-sided evolution and
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too one-sided adaptation to certain special conditions, lost the power of
undergoing further development.

As the development and improvement of different qualities and
characteristics are not fully parallel phenomena, it is evident that the
representatives of the three mentioned evolutionary stages cannot be
defined precisely. The types that became arrested on the first evolutionary
stage may, in some of their features, approach the character of the types
fully reaching the second or even (in some cases) the third stage, and,
viceversa, the types that in many essential characteristics attained a more
advanced stage (the second or the third) may retain certain features
characteristic of the most primitive, first stage (e. g. the little advanced
types of the order Rosales, most representatives of which reached the third
evolutionary stage, resemble in many respects very progressive repre-
sentatives of the order Ranunculales).

Since the beginning of the late phase of the Lower Cretaceous (when
Angiosperms really appear in larger numbers) we cannot speak about any
further formation of substantially new types. Various plant remains from
the Tertiary and the late phase of the Cretaceous show that in this period
here was a general tendency towards the distribution of certain more or
less already fixed plant types in accordance with the gradually changing
climatic conditions as they were brought about by the gradual cooling
down of the earth from the poles towards the equator and in accordance
with the formation of definite climatic zones. It was more or less the
formation of secondary centres of distribution of different derived woody
plants, adapted to colder or altogether less favourable life conditions
and chiefly a continually increasing development of herbaceous derivatives
which took place in this period. Nevertheless, we may place the origin and
development of one new type, although not quite new from morphological
and taxonomical point of views, namely the formation of arctic and high-
mountainous derivatives, i. e. angiospermous herbaceous elements adapted
to very long winters and considerable transitory sheets of snow. Without
dispute the origin of these plants was due to the formation of extremely
cold arctic areas and to the Alpine earth movements by which the earth’s
crust was uplifted into high mountain ranges. As both these phenomena
did not exist at the beginning of the Cretaceous, we might perhaps assume
a fourth fundamental stage in the development of the Angiosperms, This
new derived element of course, appears in this stage after having been
split into all the known main taxonomic groups. Apparently only a number
of new species, or, at the utmost, genera, came into being, but hardly any
higher unit.

In the light of these considerations the problem as to what extent the
reconstruction of the prototype of the present-day Angiosperms is possible
becomes very burning. As a rule, reference is made to the line of polycarpous
types classified so far by the majority of systematists as the orders
Magnoliales and Ranunculales, or simply Ranales. As they have a great
number of archaic characteristics, they are considered to be the most
primitive Angiosperms, and it is therefore in them or in their neighbour-
hood where the source of development of all the other more progressive
Angiosperms is looked for. Most suggestive of this idea have recently
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been some plants of considerably relict nature, displaying an extremely
primitive character in their stamens or ovaries, and sometimes also
homoxylous wood. According to the above considerations, especially
considerations concerning the nature of the angiospermous leaf, and, to
some extent, also the history of this whole most progressive group, as
can be reconstructed on the basis of well established palaeontological data,
the present-day state of this group can in no way give us any idea of
such a prototype. Only to some extent does this group afford a very
indistinct picture of what the representatives of various fundamental
evolutionary trends, which segregated from the common prototype and -
did not develop beyond the first evolutionary stage, may have looked like.
This picture is also rather hazy, because the group Ranales (in the broadest
sense) is a trend which became arrested on the very stage of development
where, due to necessary adaptations to successive changes occurring in
its environment, it must have undergone considerable alterations. Only
the complex of certain basic characteristics indicates to a certain degree
what fundamental features it may have had in common with the members
of other evolutionary trends, reaching, later on, higher stages of develop-
ment, when these were passing through the first evolutionary stage
(apocarpous floral nature, ovaries bearing large apertures, but no styles,
stamens with three leaf-traces and considerable tendency towards clado-
dification, wood occasionally homoxylous). In other respects, however, the
individual trends, when passing over to strictly terrestrial life conditions,
must have shown specific peculiarities of their own :it cannot be imagined
that the common prototype itself, as some more commonly distributed
plant element, should not have been split into certain lower taxonomic
units exhibiting their own specific peculiarities, even if, on the other hand,
some other reasons (different fundamental features common to all
angiosperms, as stated above) lead us to the assumption that the trend
represented by the prototype was a very narrow one. All this means that
magnolio-ranunculoid type cannot be considered as an actual evolutionary
source of the other more progressive angiospermous evolutionary trends.
From the whole series of parallel fundamental  evolutionary branches it
is to be regarded as the one which, of all others, may have lagged behind
in evolution. Also acceptable would be the opinion that it represents a
type which attained angiospermy relatively late and was for that reason
no longer able to reach more progressive evolutionary stages. A relatively
strong cladodification of the sporophylls (stamens!) in many types may
even be in support of this view (i. e. the descent of such plant types from
ancestors where both sporophylls and assimilating leaves were considerably
losing their telomoid character and formed to a great extent the leaf
lamina itself). The trends which by the close of the Lower Cretaceous
reached higher developmental (more progressive) stages (i. e. the second
or even the third) are to be considered as being disproportionately more
ancient in origin than is the magnolio-ranunculoid type which has so far
been regarded as the oldest one. Their past, therefore is literally lost in
the unknown. The whole problem of the splitting of the separate evolution-
ary groups from a common prototype should be conceived quite inversely
to what has been indicated by the current genealogic assumptions accord-
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ing to which the magnolioranunculoid line is the source of the whole
angiospermous group. The assumption suggested in this paper may probably
be best illustrated by the synopsis diagram (Fig. 2). :

If we accept the above views as to the origin and later development
of the angiospermous plant element and take into consideration its various
_morphological and anatomical peculiarities, as discussed in section IV we
get rather a different picture of the fundamental systematic classification
and taxonomy of the Angiosperms. First of all, no uniform genealogic -
survey with the magnolio-ranunculoid group as a starting point can be
thought of. It is necessary tc set up a greater number of developmental
trends showing independent and relatively short pedigrees, trends, many
of which split at the: very beginning into parallel branches either with
homogenous or heterogenous flowers. And then various groups appearing
in almost all present systems as groups which could be placed into any
single global and rather complicated pedigree only with a good deal of
imagination (e. g. amentiferous types, urticaceous plants, centrospermous
plants) reappear in this light more clearly as some of those fundamental
evolutionary branches which segregated in the far past from the common
still hygrophilous prototype and reached, in the course of the older Me-
sozoic, different stages of progressivity in their development, quite paral-
lelly with the backward and lagging behind magnolio-ranunculoid evo-
lutionary branch. Neither can from this point of view, the set of plants
which the modern supporters of the new morphology classify as phylos-
porous evolutionary branch, be considered as satisfactorily uniform, because
its separate lines necessarily lose the connecting link assumed to be found
in the magnolio-ranunculoid line. As a matter of fact, this set, too, falls
into a series of different evolutionary trends from among which just the
magnolio-ranunculoid line represents among the whole series of such
parallel lines, the one which reached only the first stage of evolution. The
representatives of other parallel evolutionary trends are e. g. Rhoeadales,
Canellales, or Dilleniales which reached approximatively the second stage,
or cruciferous, roseate, columniferous, guttiferoid, myrtoid plants as well
as celastroid, sapindoid and umbelliferous plant groups, which all attained
the third stage of evolution. All this necessarily results from the above-
stated assumptions concerning the development of the whole angiosperm
group, assumptions which we must arrive at, if we consider not only the
actual possibilities of the plant development, as can be gathered from the
known palaentologic data, but also the extremely short geologic period
which, in the whole history of the evolution of organisms, was allotted to
the origin and rise of Angiosperms. Nearest to this conception may perhaps
be the opinion expressed by the French botanist Emberger (1944),
who, too, suggested a system of a number of parallel partial pedigrees
without considering any group as a common ancestral prototype. The
outlines of his system, however, are based on absolutely different morpho-
logical assumptions which cannot be approved of and which would lead
to the assumption of a pronounced and absolutely improbable polyphyletic
character of the Angiosperms. Emberger accepts, e. g., the possibility of
two absolutely different floral types (stachyosporous and phyllosporous),
the possibility of axile nature of the stamens or ovary placenta, the
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spermické vyvojové vétve.
General scheme illustrating in the most rough lines the rather sudden disinte-
gration of the angiospermous evolutionary branch.

existence of sterile bracts in the ovary structure of some plants (e. g.
centrospermous), and the analogy of some flowers with compound coni-
ferous cones—all these being the phenomena which are in contradiction
already with their macrophyllous character itself.

According to a detailed evaluation of the different so far known
morphologic, anatomic, and palynologic data the whole angiospermous
group can be divided into about six fundamental evolutionary trends (some
fundamental evolutionary stocks) with heterogenous . flowers (including
several relatively rare sympetalous types), about eleven trends with
homogenous flowers (together with a series of sympetalous derivatives),
two groups of ancient sympetalous plants whose relations to some of these
eleven trends with homogenous flowers can be traced today only with
greatest difficulty, and a group of Monocotyledons, very clearly linked
with a relatively archaic fundamental magnolio-ranunculoid line with
homogenous flowers (classified in this paper as the trend Polycarpiceae).
The monocotyledonous group itself comprises six rather independent
parallel evolutionary trends. Reasons for establishing such a system are
briefly given in the following section dealing with various remarks on the
separate orders orfamilies, their taxonomic classification, as well as their
probable phylogenetic relations.
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‘VI. Remarks on Evaluation of Affinities among the Most Important
Angiospermous Orders and Families.

AL Affinities of several dicotyledonous orders or
families with very reduced flowers.

1. Amentiferous types.

The following orders and families are to. be taken into consideration
here: Juglandales, Julianales, Garryales, Batidales, Piperales, Hydrostachy-
ales, Fagales ,Balanopsidales, Myricales ,Salicales, Leitneriales, Casuarinales,
Stachyuraceae, and Myrothamnaceae. Their fructification formations,
catkins, or various tiny little capitula comprising only small grouplets of
stamens or ovaries, arranged in a certain order and provided with pro-
tective bracts, have, by different botanists, been interpreted as either
inflorescences consisting of more or less reduced florets (according to the
classical morphology) or as cases of an initial stage of development of
bisexual flowers which come to existence as a result of aggregation of
tiny, strongly reduced monosexual flowers (the basis of pseudanthium
theory), or, finally, as cases of still imperfect primitive flowers with
elongated receptacles. Apart from other phenomena, the last opinion is
suggested also by the fact that the flowers very often fall off as a whole,
because their receptacle, when compared with the other axes and branches
are strikingly slender and of a different nature. It is in the génus Salix
or Casuarina that this phenomenon is perhaps most striking. In other
respects, however, the floral nature of the separate elements constituting
the catkins is, as a rule, rather well visible, and, moreover, the presence
of the rudiments of the other sex clearly proves that sets of strongly
reduced, for the most part originally bisexual florets are concerned here.
The classical conception of inflorescences of strongly reduced flowers
cannot be easily denied. Many cases show even a plagiotropic arrangement
of the separate members (florets or even whole shortened axillary inflo-
rescences) of the catkins (e. g. the Juglandaceae, Betulaceae), which
strongly reminds of the reductional conditions found in the female
coniferous strobili. This phenomenon seems to have largely contributed
to the assumption that some Angiosperms are of a stachyosporous nature.

The orders Juglandales and Julianales, when compared with other
amentiferous plants are conspicuous by their imparipinnate leaves. Their
tiny flowers are arranged into simple catkins and contain a good deal of
resin substances giving off a very pleasant aromatic scent. In the order
Julianales the floral structure is radial and the stamens regularly alternate
with the perianth leaves. The arrangement of floral members in the genus
Juglandales offers rather an intricate picture, because especially male
flowers of different genera show a different degree of coalescence with
the supporting bracts and the plagiotropic adaptation; there is nothing
at all that would indicate an epipetalous or an obdiplostemonous position
of the stamens; in more distinct cases an alternating position can easily
be found. Neither of the orders forms any seed endosperm. Apart from
some considerably progressive (e. g. many representatives have simple
perforations of vessel transverse walls) characters, both the genera disclose
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also many rather primitive features (e. g. sieve-tubes of the first Hemen-
way stage; many representatives have heterogenous medullary rays).
Pollen-grains in the order Julionales are more primitive (3-5-7-colporate,
or 5-8-aperturate) than in the order Juglandales (3-7-pororate to 6-16-
foraminorate to rugorate). According to Erdfmann the Julionales show a
closer analogy especially to the pollen of the genus Pistacia (the family
Anacardiaceae from the order Sapindales), whereas the Juglandales due to
a strong derivation, exhibit a considerable resemblance to very much
advanced pollen-grains of the families Betulaceae, Myricaceae, or Ca-
suarinaceae. Their fossil record is not very old: they may be traced with
more certainty to later phases of the Upper Cretaceous. In view of their
chemism, arrangement of leaves, probably homogenous floral character
and partly with regard to the pollen nature (especially in the order Ju-
lianales) they are to be considered as ancient amentiferous derivatives of
an evolutionary line leading to the origin of the order Sapindales.

The order Garryales includes the only genus Garrya with flowers
arranged into compound catking. Male flowers display stamens alternating
with parianth leaves, ovules have only one integument and seeds contain
abundant endosperm. According to Erdtmann, the 3-colporate pollen-
grains show closer analogies to the pollen not only of some representatives
of the family Araliaceae (the order Umbelliferales), but also of the order
Leitneriales. The possibility of a relation to the order Umbellifiorales has
already been pointed out by K. Prantl and F. A. Noviak. In view of
the arrangement of the ovaries, this relation is most probably very distant
(in the order Umbeliflorales the ovaries are already inferior). Although no
suitable fossil record is so far available, it is most certain that this order
must have split at some very early times from the evolutionary line leading
from the common celastro-sapindoid stock to the umbelliferous types.

The order Batidales (the only species Batis maritima) has opposite
leaves of a considerably succulent character (halophilous type) and unisexual
flowers (male ones with a rudiment of the gynoecium) arranged in four-
rowed spikelets. It is only male flowers that developed sepals and petals,
alternating with four stamens. The ovary, originally two-chambered,
becomes four-chambered when mature. The 3-4-colporoidate (to rupo-
roidate) pollen-grains are, according to E r d t m a nn, most similar to the
pollen of the centrospermous Gyrostemonaceae, and partly of the Poly-
gonaceae. The determination of the pollen-grain nature has cast light on
the so-far mysterious relations of this order and confirmed the assumed
relations to centrospermous types (J. Hutchinson, J. Velenovsky)
rather than the relations to the family Papaveraceae (A. A. Grossgejm)
or Salicaceae (H. G ams on serodiagnostical grounds); of course, an origi-
nally obdiplostemonous type and the loss of their exterior stamen ring have
to be assumed here, just as this is to be done with many other centro-
spermous types (e. g. the family Nictagynaceae). y

The Piperales and Hydrostachyales.—In the first order are usually
placed the families Piperaceae, Peperomiacede, Saururaceae, and Chlor-
anthaceae, although the Chloranthaceae are often by some botanists
connected with the order Laurales. Many investigators include here also
the family Lacistemaceae. Today, there is no doubt that the first four fam-

3
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ilies are closely related to the order Magnoliales in the broadest sense.
This opinion is supported by the mostly monosulcate nature of their pollen
grains. Also their anatomy has preserved very primitive features: scalari-
form perforations of the vessel cross walls, lack of libriform fibres (only
tracheides), homoxylous wood in the genus. Sarcandra. The family Pe-
peromiaceae even displays a number of characteristics reminding of Mo-
‘nocotyledons (almost ataktostelic vascular bundles; some types, when
germinating, form only one cotyledon). Quite different, however are the
conditions in the Lacistemnaceae where, just as in the mentioned families
of the order Piperales a strong floral reduction (to only one stamen; one-
chambered ovary formed by three carpels) took place; the nature of its
ovary.and, according to Erd tmanmn, also the shape of its pollen-grains
however doubtlessly reveal a relation to parietal types (its pollen is related
particularly to that of the family Flacourtiaceae of the order Bixales). The
Hydrostachyales (with the only aquatic genus Hydrostachys), just like the
Podostemonales with which, to the opinion of many investigators (W a r m-
ing, Hutchinson), they are more closely related, are very strongly
adapted to aquatic environment. Engler suggested relations to the Pi-
perales or Salicales, Grossgejm to the Rosales. Strong reductions, which
are due to aquatic environment, makes the problem very difficult, nor do
pollen-grains reveal anything of importance (they are very much reduced,
nonaperturate and set up in tetrads). In contradiction to the Hydro-
stachyaceae, however, the Podostemonaceae have preserved both flowers
and pollen of much less reduced nature (recalling rosaceous plants). In view
of the kind of reductional tendencies, the Hydrostachyales seem to be more,
probably related to the order Piperales. :

The orders Fagales and Balanopsidales are two rather closely related
groups, each of which has taken rather an opposite course of development.
They gave rise to many types which formed secondary centres of distri-
bution in temperate zones (Arcto-Tertiary types). So far as flowers are
more completely preserved, they have markedly epipetalous stamens
which, together with other various characteristics, suggest a heterogenous
floral nature. In many respects the anatomical structure of their wood is
. similar to that of the family Hamamelidaceae, but, according to Erdimann,
the nature of pollen differs entirely. If the pollen is to be considered as a
distinguishing factor, three more closely related lines can be distinguished
here: the family Balanopsidaceae, the pollen of which is relatively little
advanced (with 3-4- and even 5-colpoid apertures) and of a type rather
common also among other dicotyledonous groups, and two more specialized
lines namely the Fagaceae with a more primitive, 3-6- and even 7-aper-
turate pollen (colpate, colporoidate and even colporate), and a pair of the
families Corylaceae and Betulaceae with a relatively strongly derived pollen
provided with 3—7 equatorial poroid apertures. The order Balanopsidales
(two genera in New Caledonia) has perianthless flowers and still well de-
veloped seed endosperm. In the order Fagales the perianth is often pre-
served and the endosperm missing. The radial floral structure has been
retained entirely by its family Fagaceae, but only partially by its families
Corylaceae and Betulaceae owing to a frequent plagiotropic orientation or
even fusion of the flowers with the supporting scales (anologous process is
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found in the family Juglandaceae or in female coniferous cones). The ana-
tomical structure of these orders reveal some considerably archaic cha-
racteristics (very primitive sieve-tubes of the first Hemenway stage, lack
of libriform fibres and, in many representatives, very long vessels bearing
scalariform perforations besides other relatively progressive ones: many
representatives have wide, short-articulated vessels, simple perforations of
vessel cross walls). All this suggests that the types concerned are all of
a heterogenous character and must have split as amentiferous derivatives
at some very ancient time: their more certain fossil record dates from as
early a period as the m'd-Cretaceous and they fully developed in the later
phase of the Cretaceous. They divided into two fundamental branches (the
presentday orders) one of which, the Fagales, split further into a more
archaic series Fagaceae and a more progressive pair Betulaceae-Corylaceae.
From various phenomena (see below: the orders Trochodendrales and
Urticales) we may suppose that they have certain relations not only to
some very archaic woody plants, such as the families Trochodendraceae,
Cercidiphyllaceae, and Eucommiaceae, but also, perhaps, to more progressive
lines Urticales and Platanales.

The orders Myricales, Salicales and Leitneriales. — Usually, and espe-
cially in older taxonomic systems, these orders are considered as being
more closely interrelated (see J. Velenovsky, etc.) because of various
similarities in floral reductions and in the relations of the flowers to the
supporting bracts. So far-reaching are these relations that they very often
entirely obscure the original state of the flowers. Like the preceding group,
all these three orders are often said to be related to the order Hamame-
lidales (J. Hutchinson; F. A. Novak, who excludes the Salicales).
Palynological conditions, recently discovered by Erdtmann, however,
have shown that the relat’ons between these orders (the same applies to
the orders Balanopsidales and Fagales) and the order Hamamelidales, if
there are any, are extremely remote to enable us to see them today. In the
Myricales the pollen has been found to be 3-porate, mostly approaching that
of the families Betulaceae, Corylaceae and Casuarinacece, whereas a 3-col-
poroidate pollen (Salix, Chosenia) or very much derived, nonaperturate
(Populus), very close to that of some parietal types (Flacourtiaceae, Tama-

ricaceae) was ascertained in the order Salicales, and a 3-6-colporate one,

similar to that of the representatives of the families Juglandaceae, Garrya-
ceae, or Coriariacege, in the order Leitneriales. This shows that all these
three orders arose as amentiferous derivatives from three absolutely
different evolutionary trends. It is of interest that such possibilities have
already been suggested from purely morphological points of view
(H. Hallier, A. L. Tachtajyan [TachtadZjan]; the arrangement of
seeds in the genera Salix and Populus reminds that found in the order
Tamaricales, and the wood of the order Salix recalls that of the genus
Idesia). Their splitting must, of course, have taken place at a very remote
period. Fossil record of the genera Myrica, Salix, and Populus date from as
early times as the middle phases of the Cretaceous. As regards the anatomic
structure, they have preserved a number of very archaic characteristics
(there are mostly primitive sieve-tubes of the first Hemenway stage; many
representatives have terminal parenchyma). Upon the whole, it is clear
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today that the order Myricales is related to the orders Balanopsidales and
Fagales, the order Salicales to the order Parietales, and the order Leitne-
riales, to the orders Celastrales and Sapindales.

The order Casuarinales.—Its present-day distribution shows that it
represents a relict of very ancient floras (apparently dating already from
the mid-Cretaceous); palaeontology may, however, never be able to confirm
this assumption because of the considerably xeromorphous character of
this plant type (its remains had no chance of entering into fossiliferous
series). Its flowers, strongly reduced (to only one stamen or one ovary)
betray nothing-about the original floral state. Its considerable progressivity
manifests itself also by the loss of the seed endosperm. According to
Erdtmann’s palynological researches it bears most analogies with the
family Betulaceae, fewer with the family Myricaceae. To a certain degree,
its ancient origin is proved by some archaic anatomical characteristics (very
primitive sieve-tubes of the first Hemenway stage, lack of libriform fibres,
and heterogenous medullary rays). Like the order Myricales, also this order
seems to be. probably linked in some way with the orders Balanopsidales
and Fagales and represents a very highly specialized xeromorphous
derivative. In a sense, the same has been suggested by J. Velenovsky
on purely morphological grounds.

The flowers of the families Myrothamnaceae and Stachyuraceae form
upright and dense little racemes or spikelets of catkin appearance. In the
family Myrothamnaceae the perianth is missing, the flowers are dioecious,
leaves stipulate. As to the Stachyuraceae, the flowers are bisexual, stamens
normally alternate with petals and leaves are exstipulate. In both the
families the ovules are placed at the interior angles of the ovaries. The seed
endosperm is well developed. According to Er d tmann, the pollen of the
family Myrothamnaceae has three colpoids and forms tetrads similar to
those found in some genera of the family Monimiaceae (Laurales). In the
family Stachyuraceae the pollen is free, 3-colporate (to 4-ruporate), recalling
in some respects the pollen of the representatives of the family Fla-
courtiaceae (the order Bixales; the placentation is, of course different). The
general nature of the flowers is most probably homogenous (this is certainly
the case in the Stachyuraceae). Both the families are most often believed
to be related to the order Hamamelidales (J. Hutchinson). For some
morphological reasons and in accordance with palynological conditions, the
family Stachyuraceae is recently considered as being related to the order
Bixales (especially to the family Flacourtiaceae). With regard to the family
Myrothamnaceae, we must not forget that the family Hamamelidaceae also
discloses some characteristics recalling the family Monimiaceae (F. A.
Novik). As the same cannot be said with reference to the pollen-grains,
the problem of affnity of both these families cannot, for the time being,
be solved definitely; it is, however, rather probable that the family My-
rothamnaceae may distantly be related to the order Hamamelidales, and
the.family Stachyuraceae, to the order Bixales.

The brief outline of the above-mentioned reasons leads to the conclusion
that amentiferous plants do not represent any uniform trend, but a number
of more or less convergent and at the same time quite independent
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amentiferous derivatives originating from most different angiospermous
evolutionary trends or lines:

the order Salicales, the families Lacistemaceae, and apparently also
Stachyuraceae are linked up with parietal evolutionary series;

the orders Piperales and Hydrostachyales are related to the evo-
lutionary trend Polycarpiceae,

the orders Jaglandales, Julianales, and Leitneriales show relations to
celastro-sapindoid evolutionary lines,

the order Garryales is connected with the umbelliferous
trend,

the family Myrothamnaceae may probably: be related with the
order Hamamelidales,

the order Batidales, according to all appearances, is most probably
allied to centrospermous plants,

the orders Balanopsidales, Fagales, Myricales and Casuarinales repre-
sent a very individual amentiferous trend (Amentifereae in a strict sense).
of evidently ancient origin, linking remotely with the relationship
of the genera Trochodendron, Cercidiphyllum and Eucommia.

The first five cases may most likely be supposed to produce flowers
of a homogenous nature, the last two, flowers of heterogenous character.

2. The family Cercidiphyllaceae (Fig. 3 and 4).

This family comprises the only still living genus Cercidiphyllum. (C.
japonicum) indigenous to Eastern Asia. It is most frequently considered to
be a member of the order Magnoliales and related to the family Trocho-
dendraceae. Small head-like and long-stalked floral formations are dioecious
and made up of dry-membraneous scale leaflets standing before either a
greater number of stamens (about 15—20) or several (even more than six)
free one-carpel ovaries maturing into more-seeded follicles. Seeds contain
abundant endosperm. The anatomical structure of wood is rather archaic:
the wood has no libriform fibres, its very long vessels are diffusely
scattered, have very oblique cross walls with scalariform perforations; their
ends are pointedly protracted and provided with spiral sculpturings. The
wood parenchyma is apotracheal, relatively scanty and terminal, the me-
dullary rays heterogenous.

As has recently been pointed out by G. B. L. Swamy and I. W.
Bailey, it has long been known that the separate floral members of the
small heads are not arranged successively in a normal way, in spirals or
rings, but each separate ovary as well as each separate grouplet of stamens
is placed in the axil of the separate scales. Floral scales are placed in pairs
approximatively opposite one another on an elongated receptacle. If a sepa-
rate scale is torn out, the respective ovary or grouplet of stamens gets loose.
This, of course, signifies that these floral formations cannot be. looked
upon as normal polycarpous flowers, as is usually done; they have to be
considered as very short long-stalked simple catkins with perianthless
florets, reduced to a single one-carpel ovary or one small grouplet of
stamens. This nature of theirs is clearly visible when they are compared
with young axillary sterile shoots (see Fig. 3 and 4). At the base of
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both the axillary sterile shoots and floral stalks three massive scales a, b
and c are placed. The scales a'and b stand opposite each other, whereas
opposite the scale ¢ we find a normally developed sterile leaf of the
sterile shoot, the stipules of which are not normally developed (long
pointed) but intrapetiolarily fused into a dry membraneous formation [a],
cut in front into irregular narrow and short lobes. Next leaves of the
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Fig. 3.

Cercidiphyllum japom'cum: Sami¢i ,kvét" (1,2) a jeho diagram (3); a,-b, ¢ —

Supiny obalujici ,kvét"“ v pupenu; 1 — rapik fddné vyvinutého listu pod ,kvétem®,
@ — jeho palisty. — Slabé zvétSeno.

Cercidiphyllum japonicum: Female ,,flover“ (1, 2) and its diagram (3); a, b, ¢ —
scales enclosing the young ,flower” bud; 1 — petiol of the well developed leaf Sub-

tending the ,,flower", @ — its stipule. — Slightly enlarged.

sterile shoots stand in alternate pairs and their stipules are normal. The
long floral stalk is, of course, leafless, but the perianth leaves, placed
at its extremity in alternate pairs, are quite similar to the mentioned
dry-membranous scale (). They obviously represent supporting leavesi
reduced to mere fused stipules, at the axil of which are found those
extremely reduced florets,

‘Erdtmann states that the pollen of the genus Cercidiphyllum
bears no closer resemblances to the pollen of the order Magnoliales (in a
strict sense) or the order Homamelidales ore even any amentiferous
families. He found most analogies in the genus Eucommza and to some
extent, in the genus Trochodendron.

Palaeontologically the genus Cercidiphyllum is regarded as a very
ancient type, known to us already from Cretaceous formations (North Ame-
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rica), nor is it impossible that the imprint of the angiospermous leaf
recorded by A. C. Seward from the English Jurassic may, in certain
respects, be referred to it (rather than to the genus Populus, as was
-Seward’s own opinion). The description of fossil fruits of this genus

Fig. 4.

Cercidiphyllum japonicum: :

Obr. 1. Mlady saméi ,kvét": a, b, ¢ — Supiny obalujici , kvét" v pupénu; 1 —
‘Gast mladého listu nasedajiciho pod ,kvétem", @ — jeho palist; st — z pupene vy-
énivajici skupina tycinek. X

Obr. 2. Basalni €ast mladého sterilniho prytu: a, b, ¢ — Supiny okalujici rasici
pupen v mladi; 1 — Fapik prvniho dobfe vyvinutého listu s intrapetiolarng srostlymi
palisty «; fapiky dalSich listd maji palisty normalni, nesrostlé.

Obr. 3. Base Fapiku listového s normélné vyvinutymi palisty.

Obr. 4, 5, 6. Tvar Supin a, b, ¢ obalujicich v mladi pupeny , kvétd*.

Obr. 7. Dvojity palist. listu nasedajiciho pod ,kvétem®.

Obr. 8. Tvar nepatrnych ,,okvétnich* listkd v ,kvétech®.

Vse slabé zvétSeno.

Cercidiphyllum japonicum:

Fig. 1. A young male ,flower*: a, b, ¢ — the scales enclosing the ,,flower” bud
during its young state; 1 — part of the developing leaf subtending the ,flower",
a — its stipule; st — stamens.

Fig. 2. Basal part of a young leafy shoot: a, b, ¢ — scales enclosing the young
shoet in the bud; 1 — petiole of the first leaf with its intrapetiolary connate stipules «;
all other petioles are provided by 2 normal stipules.

Fig. 3. Base of a leaf petiole with both stipules.

Fig. 4, 5 and 6. The shape of the scales enclosing young ,,flowers®.

Fig. 7. The intrapetiolary connate stipules of the leaf subtending the ,flowers".

Fig. 8. The shape of the very inconspicuous ,,perianth* scales of the ,flowers®.

All fig. slightly enlarged.
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revealed that the axes of headlike inflorescences (“floral receptacles”) are
much longer in many fossile types than they are in the living species, more-
over even branched axes are referred in the Upper Cretaceous species
Cercidiphyllum ellipticum Newb. (R. W. Br o wn, 1939).

These are the reasons why the genus Cercidiphyllum cannot at all be
considered as a member of any polycarpous family, but as an entirely
individual type, representative of an entirely independent order Cercidi-
phyllales with evolutionary tendencies which strongly converge to amenti-
ferous types. It is somehow related with the families of the Eucommiaceae
and more remotely also with the family Trochodendraceae. It is perhaps
in this way that it may have some (of course extremely remote) relations
to the group Amentifereae in a strict sense. '

3. The family Trochodendraceae.

Besides the above-mentioned genus Cercidiphyllum, also the genera
Trochodendron, Tetracentron, and Euptelea are usually included into this
family. The first two are markedly homoxylous, the last, normally hetero-
xylous. The whole family used to be reckoned among the order Magnoliales.
Recently (also F. A. Novik), however, due to a very different morpho-
logical nature of both flowers and vegetative parts, the separate genera
are often considered to represent independent relict families (Trocho-
dendraceae, Tetracentraceae and Eupteleaecae). Some botanists also
suggest possible relations to the order Harmamelidales, because the flowers
of at least some of them have very little in common with the representatives
of the order Magnoliales.

In the flowers of the genus Tetracentron the position of the stamens
(four in number) is epipetalous and the ovaries, alternating with the stamens,
are fused into a primitive syncarpous gynoecium. As to the genera Trocho-
dendron,  and Euptelea, perianth leaves are missing and bisexual flowers
have a greater number of stamens, their ovaries form a ring in the centre
and slightly coalesce laterally in the former genus, whereas they are free
and stalked in the latter. According to Erdtmamn, the pollen in the
genera Trochodendron (3-colpate to colporoidate) and Tetracentron (3-4-
colporoidate) is rather similar and greatly differs from that found in the
genus Euptelea (of 6-rugate type). The stigmas in the genera Trocho-
dendron and Telracentron are well developed, which is not the case of the
genus Euptelea, From all this it follows that the genus Euptelea may hardly
have any closer connection with the genera Trochodendron and Tetra-
centron. This is also confirmed by a different structure of the axis nodes.
The form of the stamens and arrangement of the ovaries in the genus
Euptelea is, to some extent, reminiscent of the condition in the family
Wmteraceae

On these various grounds the genera Trochodendron and Tefracentron
are to be considered to represent an entirely indepedent order Trocho-
dendrales which has no closer relations to the order Magnoliales and the
whole trend Polycarpiceae. Its aff'nities (of course rather remote) are to
be looked for among the Amentifereae (in a strict sense), the genera Cerci-
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diphyllum, Eucommia, and perhaps the order Urficales. On the contrary,
again, the genus Euptelea shows very clear relations to the group Poly-
carpiceae and also seems to be related to the family Winteraceae.

4. The genera Eucommia and Rhoiptelea.

Today these two genera represent two relict elements, characteristic
of the East Asiatic flora. From the -palaeogeographic point of view, they
belong to the elements of the Arcto-tertiary flora largely distributed
(especially Eucommia) in the Tertiary temperate zone of the Northern
Hemisphere, where, like various amentiferous types, they formed their
secondary centres of distribution. The genus Eucommic has strongly
reduced perianthless flowers of one sex only (a greater number of stamens
or one ovary). For this reason it is often connected with the family Ha-
mamelidaceae where the tendency to such reductions is rather apparent.
According to Erdtmann its 3-colporoidate pollen, even in more de-
licate sculpturings, reveals far closer analogies to that of the genus
Cercidiphyllum, and more remote to that of the genus Trochodendron. The
genus Rhoiptelea to some extent reminds of nut-trees; it has similar
imparipinnate leaves. The stammens of its florets, however, have an
evidently epipetalous position. According to Erdtmann its 3-colporate
pollen is most reminiscent of the pollengrains in the family Betulaceae,
rather less also to the pollen of the family Ulmaceae. Both have winged
fruits recalling elm achenes. The endosperm is abundant in the genus
Eucommia, but it is missing in the genus Rhoiptelea.

All this signifies that the genus Eucommia represents an entirely
independent relict type (classified in this paper as the order Eucommiales),
close to the order Cercidiphyllales and thus also Trochodendrales. The genus
Rhoiptelea, too, has to be regarded as an independent relict (the order
Rhoipteleales), rather more closely related to the more advanced types,
such as Amentifereae (in a strict sense) or even to a still more advanced
evolutionary line, the order Urticales.

B.Remarks on the Six Fundamental Evolutionary
Dicotyledonous Trends, with Flowers Assumed to
: Be of a Heterogenous Character (Fig. 5—6).

According to the state of progressivity in the floral structure and
anatomic character of vascular tissues (particularly according to the
relative progressivity of sieve-tubes), the six evolutionary trends, assumed
to have flowers of a heterogenous character, may be divided into three
groups representing the evolutionary stages they have attained until now
(as a matter of fact, already by the close of the Mesozoic).

.1.Evolutiondry trends arrested on the first
stage: Trochodendrineae (Fig. 5).

For reasons stated in the preceding section the first group,
whose plant types reached, and became arrested on, the first,
most archaic stage, embraces the only order Trochodendrales
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(i. e. the genera Trochodendron and Tetracentron) as the evolutionary
trend Trochodendrineae. With great many features, the whole trend (or its
present-day relicts) converges to the trend Polycarpiceae where its flowers
are supposed to be of a homogenous nature. This has certainly been the
reason for assigning its representatives directly to the order Magnoliales.

2. Evolutionary tremnds arrested on the second
stage.

The second group, i. e, types which became arrested on
the second evolutionary stage, includes three evolutionary
trends: the Eucommio-cercidiphylineae (with the orders Eucommiales and
Cercidiphyllales), Amentiferineae (with the orders Balanopsidales, Fagales,
Myricales, and Casuarinales), and Urtico-platanineae (with the orders
Rhoipteleales, Platanales and Urticales).

Evolutionary trend Eucommio-cercidiphyllineae (Fig. 5).

The relations of the members Eucommio-cercidiphyllineae have been
briefly outlined and given reasons for in the previous section. It has to be
noted that, of all the just-mentioned trends, they show perhaps most
convergences and analogies to some dicotyledonous types with homogenous
flowers, which also became arrested on the second evolutionary stage,
especially to the order Hamamelidales. This suggests that their actual
aff'nities have to be looked for in this direction. The real phylogenetic
relations, however, doubtlessly point to the neighbourhood of the evolution-
ary trend Trochodendrineae.

Evolutionary trend Amentiferineae (Fig. 5).

The members of the evolutionary trend Amentiferineae, whose mutual
relations have also been dealt with in the previous section, represent, as
a matter of fact, only a set of amentiferous derivatives, to a certain degree
related to the evolutionary trend of the genera Cercidiphyllum and Eucom-
mia, which themselves are already strongly affected by floral reductions;
in a sense, the Cercidiphyllum itself is, moreover, of an amentiferous nature.
In the whole trend we have been able to distinguish the following three
fundamental evolutionary lines: 1. the Fagoideae (orders Fagales and Ba-
lanopsidales) with predominantly mesotrophic types, for the most part
adapted to conditions of the temperate zones where they formed secondary
centres of their geographic distribution, 2. Myricoideae (order Myricales)
also with predominating mesotrophic types, but of thermophilous character,
3. Verticilloideae (order Casuarinales) representing a typically xero-
morphous branch. The evolutionary line of the Casuarinales is evxdent]y
nearer to that of the Myricoideae than to the Fagoideae.

Evolutionary trend Urtico-platanineae (Fig. 5).

The third trend Urtico-platanineae includes, besides the order Rhoi-
pteleales, the affinities of which have already been mentioned, also the
orders Platanales and Urticales. In this paper, the family Platanaceae is
given the status of an independent order Platanales whereas most taxo-
nomers place it directly into the order Hamamelidales; this assumption
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would, to some extent, be in accordance not only with various mutual
analogies in pollen-grains (Erdtmann), but also with a strong floral
reduction, for which the family Hamamelidales shows an obvious tendency.
On the other hand, some’ outstanding features revealing its relations to
the order Urticales have been pointed out by J. Velenovsky: e. g. the general
. hature of germinating young plants, which, after developing two cotyledons,
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Fig. 5.
Schema rozpadu zédkladnich vyvojovych fad Trochodendrineae, Eucommio-cer-
cidiphyllineae, Amentiferineae a Urtico-platanineae.

Scheme of the splitting of the basic evolutionary trends Trochodendrineae, Eu-
commio-cercidiphyllineae, Amentiferineae and Urtico-platanineae.

give, in the course of the whole year, rise only to one leaflet (simple,
coarsely toothed in front); at the base of it there is the growing point
surrounded by a spathe-like stipule, just as is seen in the young plants
of the family Moraceae. This, of course, means that a great number of
convergences are responsible for various analogies leading the investigators
to assign the Platans to the order Hemamelidales (notice especially the
similarities to the genus Liquidambar).

The Platans are an amazingly ancient type. Palaeontologically, they are
known to us with certainty from as early a period as the Lower Cretaceous
and became quite common already in the Cenomanian. They have also
preserved many considerably archaic anatomical features which are more
archaic than those found in the relict order Rhoipteleales: the Platans do
not form any libriform fibres, their vessels are provided with scalariform
perforation and their medullary rays are of a heterogenous character. The
genus Rhoiptelea is already so advanced as to form fibrous tracheides. Both
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the genera show more advanced sieve-tubes of the first Hemenway stage;
in this respect they are therefore somewhat more progressive than is the
trend Amentiferineae. '

The order Urticales itself, the fossil record of some representatives of
which dates also from older phases of the Cretaceous (especially the family
Moraceae), represents in the whole trend the most progressive line which,
in some cases was able to give rise to herbaceous elements. Their progres-
sivity. is also proved by the nature of pollen-grains which, according to
Erdtmann, reveal, with the only exception of some representatives of
the family Ulmaceae, more complex sculpturings, for the most part
2-6-porate to polyforate (even 15-forate) types. In their original form, the
- flowers have distinctly epipetalous stamens. They were, however, affected
by sirong reductions and condensations into dense and massive inflores-
cences. From the anatomical point of view, too, there is a marked progress.
The vessels are very often of considerable diameters (Morus, Ulmus), in
many cases their cross walls have simple perforations (e. g. Morus). In
herbaceous types the sieve-tubes attained even the second Hemenway
stage. On the other hand, the nature of the seed endosperm is inversely
proportionate to these progressive tendencies: it is missing in the genus
Rhoiptelea, very slightly developed in the genus Platanus, well developed
in the families Urticaceae, Cannabaceae and Scyphostegiaceae, where very
often herbaceous derivatives are concerned, it is altogether missing in the
families Barbeyacege and Ulmaceae, but developed or missing in some
genera of the family Moraceae.

Upon the whole, the evolutionary trend Urtico-platanineae falls into
the following two fundamental courses of evolution: 1. the orders Plata-
nales and Rhoipteleales; the former represents a more archaic evolutionary
line than the latter, which again reveals certain features in common with
the group Amentiferae and the order Urticales (particularly the family
Ulmaceae), 2. a little more progressive order Urticales, part of which has
still retained its full vigour.

3. Evolutionary trends which attained the third
stage.

The third group, i. e. types which reached the third
evolutionary stage, includes the whole centrospermous trend
(Centrosperminae) and that of geraniaceous and buckthorn-like plants
(Geranio-rhamnineae). The reasons for this classification is, first of all, a
marked obdiplostemonous floral structure (or epipetalous position of
stamens) and then some other phenomena which have led many supporters
of the new morphology to the idea of their being of a stachyosporous nature
(this especially applies to Centrosperms). The progressivity of both these
evolutionary trends, when compared with the preceding ones, lies in the
much more pronounced phylloidization of floral members (large bright
perianth leaves), in a great number of herbaceous derivatives (which
in some groups prevail over woody plants), in the complicated arrangement
of ovaries, in their relatively very progressive- anatomical structure of
vascular bundles, etc. Finally, in some groups (especially with centro-
spermous types) there are some marked tendencies towards sympetaly.
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Evolutionary .trend Centrospermineae (Fig. 6).

Often, especially at first sight, the members of the evolutionary trend
Centrospermineae show various similarities and analogies to the orders
Rosales, Saxifragales, Rhoeadales and Parietales, sometimes also to some
members of the order Urticales. As regards the organization of the sieve-
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Fig. 6.
Schema rozpadu zakladnich wyvojovych fad Centrospermineae a Geranio-rham-
nineae.

Scheme of the splitting of the basic evolutionary trends Centrospermineae and
Geranio-rhamnineae.

tubes, they attained for the most part the second Hemenway stage, some
(particularly herbaceous types) even the third, i. e., their progress was
relatively greater than that achieved by the trend Urtico-platanineae. Two
paralell fundamental evolutionary courses stand out clearly in this case.
The first course (Polygonoideae) is represented by the only order Polygo-
nales with tiny florets and markedly developed sheaths at the base of the
petioles, the second (Chenopodio-caryophylloideae) comprises all the rest of
centrospermous types. Their mutual relations, although considerably remote
from the morphological point of view, are, according to Erdtmann,
more clearly indicated by some common features in the pollen-grain
sculpturings. The second evolutionary course Chaenopodio-caryophylloideae,
splits distinctly into twq lines. One of them, i. e. the proper chenopodio-
caryophylloid line (in a strict sense) has preserved in its flowers a very
consistent obdiplostemony (or at least stamens which due to reductions
became epipetalous). It includes one series with tiny flowers, convergent
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to the order Polygonales, i. e., the Chenopodiales (with a rather marked
tendency towards halophily, xeromorphous specialization and sympetaly; it
comprises an upon the whole sympetalous derivative Amarantaceae) and
a series with large flowers, the order Caryophyllales, which more or less
shows a tendency towards hygrophily. The order Plumbaginales is to be
considered as a sympetalous derivative of this last evolutionary line,
especially because of a great similarity in pollen-grains (Er dtmann).
The second line, which can be characterized as the phytolaccoid line, is
rather more disposed to lose the epipetalous stamen ring. This tendency
has given rise to flowers where stamens alternate with petals (or perianth
leaves). It is the order Phytolaccales that forms the basis of this line. Its
members reveal a considerable fluctuation in the arrangement of their
flowers (flowers are both acyclic and cyclic, stamens obdiplostemonous
or, if one of the two whorls was reduced, epipetalous, or alternating with
perianth leaves; moreover, some genera have even apocarpous ovaries
[Ercilla, Anisomeria, the sub-genus Pircunia from the genus Phytolaccal).
As derivatives of the phytolaccoid l'ne we can regard the family Nycta-
ginaceae (Mirabilaceae), which is a sympetalous type with a whorl of alter-
nating stamens, very probably the amentiferous order Batidales, also with
an alternating whorl of stamens, and finally the succulent xerophytes, the
family Aizoaceae (Messembryanthemaceae). As a very old succulent xero- -
phytic derivative (rare fossil record goes as far back as the Eocene), the
cactaceous order Opuntiales is also to be placed here. Its true relations
have been very indistinct until recently. It was considered as being allied
to the parietal or even rhoeadoid types. It was just to this order that the
above-mentioned family Aizoaceae took a parallel and convergent course of
development (general external appearance, multiplication of stamens). On
the other hand, certain important differences can be found between them:
the endosperm has been preserved in the Aizoaceae, but lost in the order
Opuntiales. The Opuntiales reveal strong tendencies towards floral zygo-
morphy. Mutual relations among all the mentioned groups are confirmed
by a very similar nature of pollen-grains (Er d t mann) which disagree
with any other opinion as to their affinities; this is of special importance
in evaluating the relations of the Opuntiales and the Batidales.

Evolutionary trend Geranio-rhamnineae (Fig. 6).

At first sight, the members of the evolutionary. trend, called in this
paper Geranio-rhamnineae, have much in common with a great number
of columniferous representatives belonging to the orders Euphorbiales,
Celastrales, and Sapindales. The similarities among them being based not
only on morpholegical, but also on biochemical characteristics, closer
relations have been suggested. As in the preceding trend, a marked
obdiplostemony or epipetalous position of the stamens (more rarely an
alterhating position, due to the reduction of an obdiplostemonous one,
e. g. in the genus Linum) excludes the assumption of too close or direct
affinities. Just as the foreiging trend also this trend of Geranio-rhamni-
neae reveals a considerable degree of progressivity in the general mor-
phological arrangement of the flowers as well as in a great number of
anatomical features: many representatives have vessels of considerable
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diameters, many woody plants often have sieve-tubes of the second
Hemenway stage. In the whole trend we can easily distinguish three
considerably independent lines, the mutual relation of which can today
hardly be more accurately ascertained. Also the nature of pollen differs
in each of them. According to the outstanding orders, following names
can be given to these lines: Geranio-rutoideae, Buxoidese and Rhamno-
ideae. As to the pollen sculpturings, Erdtmann’s discoveries can
hardly enable us to find any closer analogies between the different families
belonging here and the other plant groups. All that perhaps may be
stated is that the pollen of the rhus type (i. e. grains considerably similar
to the pollen found in some representatives of the family Anacardiaceae)
predominates in the geranio-rutoid evolutionary line (orders Geranioles,
Malpighiales, Rutales, Meliales), whereas the crotonoid pollen type, known
in some members of the family Euphorbiaceae, prevails in the family
Buxaceae. These entirely peculiar types of pollen, however, do not afford
any solid basis for determining their true.aff’nities.

In the lines Geranio-rutoideae (orders Geraniales, Malpighiales, Ru-
tales and Meliales) we can, to a various degree, discover a tendency to
the reduction of the endosperm, to the formation of glandular floral discs
(with the exception of the proper Geraniales) and, in many plants, to
floral zygomorphy, to the fusion of stamens as well as to sympetaly
(Simarubaceae, Meliaceae). As regards the origin of the herbaceous
element, the following two developmental courses may be pointed out:
the one towards the orders Malpighiales and Geraniales (simultaneously
showing a marked convergence to columniferous types) which embraced
the majority of herbaceous elements, and the other .towards the orders
Rutales and Melioles, where woody types were further on predominantly
developing.

The second line Buxoideae comprising the only family Buxaceae (as
the order Buxales) was frequently linked up whith the order Euphor-
biales because of certain analogies in the fruits. This assumption having
been rejected by J. Velenovsky, who considered these analogies as
mere convergences, attempts were later made to find some relations to
the orders Celastrales or Sapindales (J. Velenovsky, A. Engler,
F. A. Novéak) and even to the family Hamamelidaceae (J. Hutchin-
son). This assumption, however, disagrees not only with the buxoidean
marked epipetaly, which cannot be found in those plants, but also with
a different nature of pollen (according to Erdtm ann). Unlike the
Geranio-rutoideae, this line has not developed any glandular floral discs
nor reduced the endosperm.

The third evolutionary line Rhamnoideae, represented by the only
order Rhamnales (families.Rhamnaceae and Vitaceae) is characterized by
massive glandular discs; the seed endosperm is well preserved. It differs
from the preceding plant groups by a quite different arrangement of
ovaries.

Palaeontologically, all the three lines are very ancient, because leaf
imprints strongly reminding of their representatives can be traced as far
back as the Cenomanian, some even until the late phases of the Lower
Cretaceous.
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To the whole evolutionary trend Geranio-rhamnineae, in the neighbour-
- hood of its geran‘o-rutoid line, which shows so marked tendencies to
sympetaly, is assigned in this paper, as its pronouncedly sympetalous
derivative, the order Ericales together with the family Empetraceae. On
different grounds (especially because of the nature of stamens and
ovaries) this order is suspected by some botanists to be related to gut-
tifercid types. It is very unfortunate that the determination of these
relations cannot be based on the nature of pollen-grains which, according
to Erdtmann, have been extremely affected by reductions and are
bound in tetrads (quite analogously to the family Empetraceae). Some
characteristics of this order, e. g. similar general structure of flowers,
presence of- analogous glandular discs and volatile oils (especially in
glandular hairs) as well as positive serodiagnostical reactions with the
families Geraniaceae, Rhamnaceae, Vitaceae and even Celastraceae, Sa-
pindaceae and Polygalaceae, however, point to its being related rather to
geranio-rhamnoid than to guttiferoid types. The relation of the family
Empetraceae to the other representatives of the order Ericales is, with
all probability, similar to the relation of the family Linaceae to the repre-
sentatives of the order Geraniales or to that of the families Nyctaginaceae
and Batidaceae to centrospermous plants (of the two whorls of obdiplo-
stemonous stamens the epipetalous one has ceased to exist). The branching
off of the whole order Ericales must have taken place in very ancient
times. Palaeontologically, many of its types may be traced with consider-
ably certainty as far back as the middle phases of the Cretaceous; this
agrees with many rather primitive anatomic features preserved by this
order: many of its members form no libriform fibreg (only tracheides),
their vessels bear scalariform or reticulate perforations. Apart from this,
however, there are some features showing a marked progressivity: a great
number of the genera have sieve-tubes of the second Hemenway stage.

C.Remarks on Eleven Fundamental Evolutionary

Trends (incl. two Old Sympetalous Plant Groups)

‘'of Dicotyledons with Flowers Assumed to be of
Homogenous Nature. (Fig. 7.—13.)

Most plant groups discussed in the preceding section [B] gave a good
deal of trouble to systematists setting up a single rather large genea-
logical tree to illustrate the development of Angiosperms. On the contrary
to this, the groups included in the eleven fundamental evolutionary trends
with assumed homogenous flowers offered on the whole no difficulties
when even complicated pedigrees were devised. As has already been
stated, this striking difference is only apparent and is perhaps mostly
. based on the general, more relict nature of the plants which are supposed
to have heterogenous flowers. Their relict nature may also be in connection
with the fact that the first series of evolutionary trends (i. e. with hetero-
genous flowers) predominantly contains evolutionary trends of a more
archaic nature, arrested on the first or the second developmental stage,
whereas the second series of evolutionary trends (i. e. trends with homo-
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genous flowers) is represented mostly by trends that reached the third
most progressive evolutionary stage..

Plant types, arrested on the first evolutionary stage form the only one
evolutionary trend Polycarpiceae. The types, arrested on the second develop-
mental stage are divided into four, upon the whole independent evolutionary
trends of a considerably relict character, i. e. the Dilleniineae, Canellineae,
Hamamelidineae and Rhoeadineae. Finally, extremely numerous types
reaching the third developmental stage together with their different sym-
petalous derivatives are classified into the following six rather well-defined
evolutionary trends: the Cruciferineae, Parietaleae, Saxifrago-rosineae, Co-
lumnifero-tricocceae, Guttifero-myrtineae and Umbellifero-celastrineae.
Apart from these also Sapoto-primulineae and Thymelaeo-proteineae may be
reckoned here; they are two apparently rather polyphyletic lines of ancient
sympetalous plants which cannot be easily linked up with any of the
mentioned trends. The synopsis of the system, annexed to this paper,
shows what these conceptions really mean. Affinities among these great
evolutionary trends can objectively be ascertained with as little probability
. as can be those among the trends with heterogenous flowers. It is perhaps
between the trend Rhoeadineae and the more progressive Cruciferineae as
well as between the order Pittosporales and the trend Saxifrago-rosineae
that such relations are more apparent; for this reason these two pairs of
trends are very often by various botanists classified even as common
orders.

1. Evolutionary trends arrested on the finst
stage: The evolutionary trend Polycarpicede (see Fig. 7).

The most archaic evolutionary trend Polycarpiceae is very often refer-
red to as a single large order Ranales (or Polycarpales or else Ranuncu-
-lales). The more was it studied in detail, the more did appear the amazing
variety in its forms. Besides a great number of pronounced relicts, it
embraces groups manifesting their full vigour even today and forming a
number of herbaceous elements as well as derivatives both aquatic and
amentiferous. Due to this fact, many botanists divide it into a great number
of independent orders, e. g. Hutchins on into the following five orders:
Magnoliales, Annonales, Laurales, Ranales and Berberidales. It was not until
some very detailed monographies (J. W. Bailey, Ch. G. Nast, B. G.
Swamy, A. C. Smith, P. Ozenda) and Erdtmamnn’s palynological
studies were published that this variety of forms and the part played by
convergences in the development of the whole trend have been revealed in
their true light (e. g. the double nature of plants belonging to the present-
day family Nymphaeaceae). The antiquity of the whole trend is apparent
from a great number of primitive morphological (leaf-like and three-veined
type of the stamens, apocarpous gynoecia, open ovaries, imperfect stigmas,
lack of styles), as well as anatomical (homoxylous wood, very primitive
sieve-tubes of the first Hemenway stage, primitive vessels with scalariform
perforations, etc.), features which are commonly known and to different
degrees developed in different genera. Some, especially anatomical, features,
however, indicate certain progresivity within the first developmental stage
on which these types became arrested, e. g. simple vessel perforation found

4
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in the family Magnoliaceae, sieve-tubes of the second Hemenway stage in
many herbaceous orders, stabilization of the floral diagram with a small
number of membres in the families Lauraceae or Berberidaceae, formation
of sympetalous derivatives (Myristicaceae, Aristolochiaceae). The nature of
pollen-grains clearly indicates two main courses of evolution, one basically
monosulcate, the other tricolpate. These courses, as may be judaed from
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Schema rozpadu zakladni vyvojové fady 'Polycarpiceae s naznatenim vztahu
k rostlindm jednodéloznym.

Scheme of the splitting of the basic evolutionary trend Palycarpiceae with indi-
cated relation to the Monocotyledons.

some outstanding anatomic features (e. g. anatomy of stem nodes) split
further into some.developmental lines from which different considerably
specialized derivatives (aquatic, amentiferous, sympetalous) branched off.
According to such criteria and the nature of flowers, as shown in annexed
tables (see also the synopsis at the end of this paper) and in accordance
with the individual above-mentioned evolutional trends, not so few as five,
but twenty groups, independent to such a degree as to represent valid
orders, can he distinguished in the whole trend Polycarpiceae. These again
can be grouped into four fundamental evolutionary lines:

The Magnolio-annonoidede embracing the orders Degeneriales, Win-
terales, Magnoliales, Annonales, sympetalous derivatives Myristicales and
Aristolochiales (with the parasitic families Rafflesiaceae and Hydnoraceae),
amentiferous derivatives Piperales and Hydrostachyales, aquatic derivatives
Nymphaeales (the Nelumbaceae excepted!) and Ceratophyllales.
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The Callicantho-lauroideae including the orders Callicathales, Lauradles,
and the amentiferous derivative Chloranthales.

The Schizandro-ranunculoideae with the orders Eupteleales, Schiza<-
drales, Paeoniales, Ranunculales and the aquatic derivative Nelumbales.

The Berberido-menispermoideae with the orders Berberidales and
Menispermaules.

Fossil record of many membres of this whole evolutionary trend (of
course, regardless of the majority of herbaceous derivatives) and many of
its extreme derivatives (e. g. aquatic derivatives) date already from the
late phases of the Lower Cretaceous. At more places their pollen was
ascertained even in the Lower or the Middle Jurassic (e. g. the pollen quite
similar to that of the representatives of the families Magnoliaceae, Nym-
phaeaceae and Nelumbaceae).

2. Evolutionary trends arrested on the second
stag e : Dilleniineae, Canellineae, Hamamelidineae and Rhoeadineae.

The relatively isolated orders Dilleniales, Pittosporales, Coriariales,
Canellales, Homamelidales, and Rhoeadales show a substantially more
advanced organization and are therefore to be regarded as belonging to the
second developmental stage. As is admitted in almost all taxonomic com-
pendia, they reveal, in a prim‘tive state, many features which can be found
fully developed in various much more advanced orders. One of them, the
order Canellales, has a monosulcate pollen, all the others a pollen more or
less derived from the tricolpate type.

Various genera of the orders Dilleniales, Pittosporales, and Cotiariales,
which are here united in the evolutionary trend Dilleniineae, disclose many
features in common with the orders grouped in this paper into considerably
progressive evolutionary trends Saxifrago-rosineae, Guttifero-myrtineae,
and Umbellifero-celastrinece and perhaps also Parietaleae. Many botanists,
after all, assign them therefore to some orders of these trends as their
most primitive members (and give them the status of orders or only fa-
milies: they connect the Coriariaceae with the order Celastrales, the Pitto-
sporaceae with the order Rosales, the Dilleniacece with the order Gutti-
ferales or classify them as independent orders). It is sure that the orders
Pittosporales and Coriariales are of a somewhat more progressive character
than is the order Dilleniales; this is also indicated by the nature of their
pollen-grains, as ascertained by Erd t mann. In the order Dilleniales the
pollen is still of about the same primitive nature as are the tricolpate
pollen-grains in the evolutionary trend Polycarpiceae. On the other hand,
the pollen of the orders Coriariales and Pittosporales reveals substantialiy
more derived shapes, but, according to Erdtmann, no closer analogies to
that of the orders Celastrales or Rosales can be found. For this reason they
are to be regarded as entirely indepedent orders and placed into one
evolutionary trend Dilleniineae.

The order Canellales is often classified as a very primitive family
Canellaceae of the parietal order Bixales because of the morphological
arrangement of its ovaries. Some more recent botanists, however, due to
its monosulcate pollen type, link it up rather closely with the magnolio-
annonoid line of the trend Polycarpiceae. It may be assumed that in both
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cases some of its either archaic or progressive features have been overes-
timated. Certain convergent tendencies to the parietal types cannot be denied,
but the nature of the pollen indisputably indicates the individual character
of this order. Its archaity manifests itself also in some anatomical features
(e. g. instead of libriform fibres which are missing, the wood has only
tracheides). It is indisputably a type of a very relict nature with no apparent
closer relation to other evolutionary trends. For this reason, it may be
considered as a representative of the independent evolutionary trend
Cannelineae, also reaching the second stage of evolution.

The order Hamamelidales shows many morphological analogies both
with the members of the order Rosales and with those of the amentiferous
trend (in a strict sense). To some extent, it recalls the last-named plants
by the structure of its wood, but it differs from them very distinctly in the
normally alternating stamens. In spite of this, these three groups are often
considered 'as being phylogenetically interrelated. It has, however, been
clearly shown by Erdtmann’s palynological discoveries that such
relations cannot be looked for in neither direction because of the absence
of necessary common features in a more delicate morphology of pollen-
grains. Various analogies with the group Amentiferineae are mostly based
on the kind of floral reductions. The same kind of reductions occurs,
however, also in the families Eucommiaceae or Platanaceae (analogy to the
genus Liquidombar). It seems that no actual affinities, but mere conver-
gences can be considered in all these three cases. Palaeontologically the
order Hamamelidales appears to be very ancient. Some fossil records date
from as early as the North American Cenomanian. In the middle phase of
the Tertiary many of its genera became widely distributed -all over the
Northern Hemisphere. In view of all these circumstances this order is to be
regarded as a further fundamental line of evolution, i. e. as the evolutionary
trend Hamamelidineae. The family Balsamifluae (together with the genus
Liquidambar) and the amentiferous type Myrothamnacece could be
considered. as some extreme reductional derivatives belonging to this trend.

The order Rhoeadales is taken here in the narrower Hutchinson’s
sense, i. e. without the substantially more advanced families Capparidaceae,
Cruciferae (or Brassicaceae) and their relatives. This narrower definition
of the order is supported by Erdtmann’s palynological discoveries
which point to substantially great differences found in the pollen of the
families Capparidaceae and Cruciferae when compared with that of the .
order Rhoeadales in a strict sense. The pollen of this order bears rather
more resemblance to the more primitive pollens of some groups of the
trend Polycarpiceae (Berberidacece, Ranunculaceae). Besides, as regards the
morphological character, various analogies can be found not only towards
the families Capparidaceae and Cruciferae, but also towards some parietal
types. Here again, just as was seen in all the above-mentioned orders, there
is another case of a not clearly defined plant group, even if analogies with
morphological (and some biochemical) features of the families Capparidaceae
and Cruciferae are perhaps more clearly pronounced. As it represents a
considerably individual evolutionary trend, it is given here the name
Rhoeadineae. With them, as a direct specialized derivative is linked up the
insectivorous family Sarraceniaceae which, together with the families
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Droseraceae and Nepenthaceae, is usually placed into the common order
Sarraceniales. This opinion is supported by the nature of the pollen (Er d t-
mann) and by some morphological features known long ago (A. L.
Jussieu, 1789), e. g. the character of the stigma and stamens. The pollen
of this family entirely differs from that of the families which are usually
connected with it; it has common features with the pollen of the repre-
sentatives of the order Rhoeadales in the strict Hutchinson's sense
(and is therefore more closely related to this order than to the families
Copparidaceae or Cruciferae). Mutual analogies are to be interpreted again
by mere convergences resulting from a similar (insectivorous) habit.

3. Evolutionary trends which attained the third
stage. :

Very complicated conditions can be traced in the evolutionary trends
which reached the third developmental stage. In the following paragraphs
reasons for this classification will be given as well as some light will be
thrown on phylogenetic relations assumed to exist among the different
orders.

Evolutionary trend Cruciferineae (Fig. 8).

Mutual relations of the orders Capparidales and Cruciferales, assigned
to this trend are rather clear. Alse as regards the similarity of the pollen,
these orders are nearer to each other than to the order Rhoeadales (in a
strict sense). They both represent the final stage of two obviously divergent,
though closely related, lines of evolution, one of which (the Capparidales)
has prevalently preserved woody character as well as many more archaic
morphological features, whereas the other (the Cruciferales) represents a
much more progressive element; it gave rise to innumerable herbaceous
species considerably distributed even over colder areas and containing also
a great number of elements adapted to strongly xerophilous or hygrophilous
life. Besides, its simple floral diagram became more stable. As has already
been said, this whole trend has many features in common with the more
primitive order Rhoeadales. Actual affinities, however, are to be regarded
as very remote: it is rather the parallelism and convergences that played
a much more important part in their development, in the course of which
one line (the Rhoeadineae) became arrested in its evolution much earlier
than the other (the Cruciferineae).

Evolutionary trend Parietaleae (Fig. 8).

As all morphological as well as serodiagnostic studies have shown so
far, the evolutionary trend Parietaleae does not seem to represent any
simple evolutionary series. Most probably it consists of at least two parallel
evolutionary lines which are convergent to each other. Besides, Erdt-
mann’s palynological discoveries reveal that these two lines may not be
enough homogenous. For the most part, even within the orders, as they
are defined by systematic botanists, the pollen is not of a sufficiently
uniform nature. In addition to it, it will be necessary to solve the problem
whether the group is really of a polyphyletic character or whether the
orders included into it are only of an eurypalinous nature. One of the two
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‘fundamental lines (the dillenioid evolutionary line) embraces the
‘orders Bixales, Tamaricales, Passiflorales, i. e. orders whose members, by
some of their features, betray relations to the evolutionary trend
Dilleniineae, and particularly to the order Dilleniales; these relations may
be due either to a very remote relationship, or to a parallelism in develop-
'ment. The second line (the rhoeadoid line) includes the orders which

Extreme
derivatives :

Fig. 8.

- Schema rozpadu zékladnich vyvojovych Fad Pariefaleae, Cruciferineae a Rhoea-
dineae.
Scheme of the splitting of the basic evolutionary trends Parietaleae, Cruciferi-
neae and Rhoeadineae. ?

show some common features with the more primitive evolutionary trend
Rhoeadineae. 1t is the order Violales (together with the family Resedaceae,
often considered as belonging to this line) and Loasales in Hutchinson’s
sense which could be considered here.

Although from the morphological point of view the individual members
of the dillenioid series do not offer any more difficult problems
as to their relations (see J. Hutchinson, F.A.Novadk)Erdtmann’s
palynological researches indicate that there may be some differences. The
‘most uniform kind of pollen is found in the order Passiflorales. It bears
a striking resemblence to the pollen of the very progressive sympetalous
orders Cucurbitales and Campanulales. This fact clearly proves that, in spite
of all morphological and serodiagnostical uncertainties, both these orders
are sympetalous derivatives belonging to the dillenioid series of the parietal
trend. The order Cucurbitales developed a tendency towards reducing the
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endosperm (which is abundant only in the family Caricaceae; this family
also still has a superior ovary and for this reason it is by some syste-
matists reckoned among the parietal types) but preserved a double inte-
gument, whereas the order Campanulales, while preserving the seed
endosperm, tended to simplify ovules to formations with a single inte-
gument.

The Compositales (or Asterales), an extremely progressive and for the
most part herbaceous order, can with great probabil’‘ty be considered here
as a further sympetalous derivative. Some features found in this order
strongly remind of the order Campanulales (ovules provided with a single
integument, inulin instead of starch, latex tubes, morphology of inflores-
cence). But even here we find some substantial differences, e. g., according
toBlogovéscéensky, adifferent mode of breathing. As regards pollen-
grains, Erd tmann detected a far greater number of analogies between
the pollen of the family Compositae and that of the families Umbelliferae,
Brunoniaceae, Goodeniaceae and Calyceraceae, than between the pollen of
the family Compositae and that of the family Campanulaceae. All that, of
course, does not offer any final univocal solution, but does not 'disagree
with the relations to the order Campanulales. So far, in spite of occasionally
occurring opinions that the compositean type might be related to umbel-
liferous plants, most botanists have (and most likely with full right) in this
case considered the relations to the order Campanulales as much more
natural. The Compositae are most probably a very young type, because they
are known to us with certainty from as late as the older phases of the
Tertiary. They have developed an immense number of very progressive
herbaceous types, revealing even today an extraordinary plasticity with
regard to various ecologic conditions, and did not reach the maximum
development until the late Cainozoic and the present time. Their pro-
gressivity, relatively greater than that of both the preceding sympetalous
orders, is evident not only from a greater condensation of flowers into
dense head-like inflorescences (where individual flowers, according to their
position, very frequently underwent quite a special kind of adaptation; there
is a certain degree of convergence to the conditions present in umbel
inflorescences of some umbelliferous types) than can be found in the order
Campanulales, but also from the loss of the seed endosperm. Also from the
anatomical point of view they have, for the most part, reached the highest
(third Hemenway) stage in the organization of the sieve-tubes. All this
is in agreement with the complexity and variety of pollen-grains (a char-
acteristically eurypalynous group!) which, of course, decreases the impor-
tance of pollen for solving the problem of affinities. ‘Here the pollen may
indicate only relatively close relations between the family Compositae and
the small group Calyceraceae, sometimes included into the order Rubiales
(into the neighbourhood of the family Dipsacaceae with which they share
the same kind of a simple stigma, but from which they substantially differ
in the nature of pollen). Apparently, this is a case of a member of the order
Compositales (Asterales), rather less progressive than are the proper Com-
positae (it still has a developed endosperm and its pollen bears simpler
sculpturings; from the Compositae it also differs in having a simple stigma).
On these grounds and in agreement with most systematic botanists the
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group Compositales (the family Calyceraceae included) is to be regarded as
a further and youngest sympetalous derivative of the parietal trend which,
in addition to the general floral reduction and condensation, underwent a
strong reduction of the ovaries (fruit: one-seeded achene). :

As far as sympetalous derivatives of the parietal evolutionary trend
are concerned, three more or less parallel lines of evolution can be dis-
tinguished; they branched off successively and are not directly interrelated.
Each of them attained a different degree of developmental progressivity.
The highest stage of evolution was indisputably reached by the order
Compositales (Asterales).

With the dillenioid evolutionary series, as its amentiferous derivatives
are linked up the family Lacistermaceae, the whole order Salicales as well
as the family Stachyuraceae (see the section dealing with amentiferous
types). .

Considerably intricate are the conditions in the second, i. e.
rhoeadoid evolutionary series, which is of a rather doubtful
character. The families Violaceae and Reseddaceae, so far usually included
into the order Violales have, in the light of the most recent researches,
revealed very different characters both from morphological (F. A. Novéik)
, and palynological points of view. Only theé pollen of the family Resedaceae
resembles that of the family Capparidaceae and Tovariaceae (but not that
of the Cruciferae!). Unlike the Violaceae, the Resedaceae disclose positive
serodiagnostic reactions with the family Capparidaceae. Germinating
plantlets of the family Violaceae remind of those of the family Cistaceae.
Also in the order Loasales, taken in the so far current sense (Turneraceae
and Loasaceae), there are similar incongruities. According to Erd tmann,
the pollen of the family Turneraceae is, to a certain degree, analogous to
that of the Passifloraceae. Besides, a closer relationship.of these two
families has been suggested by F. A. N o v & k also because of morphological
reasons. As Erdtmann states, the pollen of the family Loasaceae does
not reveal much, nor does it show closer similarity to the pollen of the
trends Rhoeadineae or Cruciferineae. In these plants, however, a positive
serodiagnostic reaction with the families Capparidaceae and Resedaceae
was ascertained. All this signifies that the order Viololes, the family Re-
sedaceae excluded, is to be placed in the dillenioid evolutionary series. In
the same way the family Turneracece is to be separated from the order
Loasales and assigned somewhere near the order Passiflorales. The Rese-
daceae, as an independent order Resedales, and the order Loasales (without
the family Turneraceae) may perhaps only be considered as members of the
rhoeadoid series of the trend Parietaleae. From morphological and bio-
chemical points of view some systematic botanists (F. A. N o v 4 k) recently
solve these problems by assigning the family Resedaceae directly to the
order Rhoeadales (in the broadest sense, under the name Papaverales) and
by including all the other orders together with the families Caricaceae and
Datiscaceae, which are most frequently regarded as belonging to the order
Cucurbitales, into a common order to be called Cistales and linked up with
the order Rhoeadales (in the broadest sense, the Papaverales). According
to new Erdtmann’s discoveries, however, this conception (direct re-
lations to the Rhoeadales) does not seem to be sufficiently probable.
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The evolutionary trend Saxifrago-rosineae (Fig. 9).

This evolutionary trend is more or less clear; it covers, to a great
extent, the order Rosales in the older, broader sense and reveals two
indisputably interrelated evolutionary lines, namely the more original orders
Cunoniales, Saxifragales and Rosales (in the narrower Hutchinson’s
sense)’ on one side and the order Leguminosales, tending towards an
extreme floral zygomorphy, on the other.
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Fig. 9.
Schema rozpadu zékladni vyvojové Fady Saxifrago-rosineae.
Scheme of the splitting of the basic evolutionary trend Saxifrago-rosineae.

In the former line, the floral development proceeds from hypogyny to
perigyny and even epigyny. This process is accompanied by the simplifica-
tion of the floral diagram in different respects and mostly results in normal
diplostemony, less frequently in some derived (pseudo-) obdiplostemuny
(in the families Sawxifragaceae, Crassulaceae, in the genera Potentilla, Rho-
phiclepis, -Mespilus, Sanguisorba). The endosperm remained preserved. In
the latter line (the order Leguminosales) the progression is even more
marked, but of a different kind: hypogyny is consistently preserved, there
are coalescences, splitting in the androecium and extreme zygomorphy, the
number of carpels is reduced to only one, the endosperm lost (the primitive
Caesalpiniaceae excepted). This double evolutionary tendency is also proved
by palynology. As regards both the general shape and more delicate sculp-
turings of pollen-grains, the orders Cunoniales, Saxifragales, and Rosales
show much closer mutual analogies than can be ascertained when these
orders are compared with the order Leguminosales (Erdtmann).
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As the more primitive representatives of the whole trend reveal many
characteristics similar to the more progressive members of the trend Po-
lycarpiceae, they were, and still in many cases are, derived from such
archaic types either directly or through the order Dilleniales. Some in-
vestigators try to find here some relations to the order Harmamelidales.
It even happened that some progressive types of the trend Polycarpiceae
or also Dilleniineae, e. g. the family Calycanthaceae (J. Hutchinson)
or Pittosporaceae (F. A. Novak) were even frequently assigned to this
trend. This opinion, however, has not been confirmed in any way by
Erdtmann’s palynological discoveries. Even the family Pittosporaceae
which, from the morphological point of view, seems to be very near the
Rosaceae has a pollen of a very different nature. For palynological reasons
it seems that it will be necessary to exclude, from the order Sawxifragaceae,
the family Greayaceae where, according to Erd t mann, the pollen is of
a rutoid nature. In spite of all these palynological discoveries, it is certain
that this evolutionary trend is, from the morphological point of view, very
much related to, or parallel with, the more primitive trend Dilleniieae
(especially the orders Dilleniales and Pittosporales).

For purely morphological reasons and as it seems with full right, spe-
cialized insectivorous derivatives Nepenthaceae and Droseraceae (excluded
from the order Sarraceniales and given in this paper the status of the order
Nepenthales), aquatic derivative Podostemonales (the order Hydrostachyales
excepted), and all sympetalous tubifloral types are linked up with
this evolutionary trend (especially with its line Curnoniales-Saxifragales-
Rosales). So far, palynological researches cannot prove these relations with
certainty, because all these plants are of an extremely derived and spe-
cialized character. As regards the tubifloral types, they certainly
show a great variety from the morphological point of view; according to
Erdtmann’s palynological discoveries, they reveal a relatively conside-
rable homogeneity. The only exception are the narrower orders Lentibula-
riales (or Utriculariales) and Plantaginales; their pollen (and especially that
of the Plantaginales, which is of a very derived nature) is more different
from that found in the others. The floral morphology, too, of these orders
shows many points of difference; this led some botanists to consider the
possibility of relating the family Plantaginaceae to the trend Centrosper-
mineae or to the order Plumbaginales, and the family Lentibulariaceae, to
the family Primulaceae. The improbability of such opinions has already been
proved by J. Velenovsky in a purely morphological way. Both the
types are, no doubt, of a strongly derived and specialized character, as
geophily and hygrophily played a great part in influencing not only a
somewhat different formation of flowers but also the type of pollen-
grains. -
The problem of the nature of the aquatic family Callitrichaceae, very
differently estimated by taxonomers, is also to be discussed here. This
family has often been considered as being related to columniferous types
(the order Euphorbiales). According to Erdtmann, pollen-grains are
very much simplified by reductions. On the other hand, position of the
leaves (opposite), fruit resembling a schizocarp of four nutlets, ovules with
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a single integument clearly suggest certain relations to the families
Scrophulariaceae and Labiatae (or Lamiaceae).

It is clearly to be seen that the sympetalous tubifloral derivatives have,
in their further development, given rise to some more specialized and still
further derived types, i. e. the families Plantaginaceae, Lentibulariaceae,
and Callitrichaceae. Also the parasitic families Orobanchaceae and Cus-
cutaceae may be reckoned among them.

From the palaeontological point of view the members of the whole
- trend Soxifrago-rosineae are relatively less known, although fossil record
dating from as early as the Cenomanian gives evidence of the presence of
its more progressive line Leguminosales. This is apparently in connection
with its occurrence in such regions where there was no chance of their
entering as fossils into sed'menatry series. The whole trend seems to be
considerably old. This may not, however, be the case of its tubifloral
derivatives, the remains of which are known with certainty only from the
tertiary (or at the utmost from the late Cretaceous?); these are apparently
considerably young from the geological point of view.

Evolutionary trend Columnifero-tricocceae (Fig. 10).

Like the preceding, the evolutionary trend Columnifero-tricocceae is
of a relatively homogenous character; judging from the general floral
morphology, it seems to have split also somewhere from the neighbourhood
of, or parallely to, the more primitive trend Dilleniineae. It embraces the
orders Tiliales, Malvales and Euphorbiales. Some tropical families with still
relatively little simplified floral diagrams, such as the Scytopetalaceae or
Gonystylaceae, perhaps afford a picture of a relatively original prototype
of the whole trend, characterized by the ovules being located at angles in
the centre of the whole ovary, the partition walls of which coalesce into
a common little column (free central placentation).

From morphological, anatomical and palynological (according to Erd t-
mann) points of view, two evolutionary lines stand out clearly; the first
is more original and involves the series Tilinles and Malvales, the second,
which is apparently derived from the first, is more progressive and includes
the order Euphorbiales.

As regards the floral arrangement, the series Tiliales-Malvales tended
towards the most various complications in the androecium (abortion,
splitting, fusion of the stamens) and the gynoecium (multiplication of
partition walls, formation of additional partition walls, especially in the
more progressive order Malvales), but it preserved larger flowers. In the
more progressive series Euphorbiales the process of evolution was towards
the simplification of flowers: ovary becomes stabilized at number three,
flowers are reduced to only one sex, the general reduction results in the
formation of miniature perianthless florets with only one stamen or one
three-chambered ovary, these florets get clustered into inflorescences
resembling even simple bisexual florets (cyathium).

Anatomically neither of them reached its ultimate possibilities. Even
in herbaceous types the sieve-tubes attained only the second Hemenway
‘stage, the vessels mostly have simply perforated cross walls. Characteristic
is here the presence of secretory cells which in the series Tiliales-Malvales
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contain only mucilages, glucosides, or even alkaloids, in the more progres-
sive series Euphorbiales also oils, toxic proteins,, caoutchouc substances;
moreover, these secretory cells show a tendency towards a far more
luxuriant growth.

This double course of development is also apparent from Erd t-
mann’s palynological discoveries. Erdtmann points out certain
common features which are especially clearly visible between the Tiliales
and Malvales. As a more advanced type, the order Malvales has a pollen of
a more derived kind displaying more complex sculpturings. The pollen of
the order Euphorbzales has much less in common with that of these two
orders. Just as in morphological and anatomical features there is a great
variety in the sculpturings of pollen-grains. This leads many botanists to
assume a polyphyletic origin of the whole order, but it seems more probable
that the order is not only of an ancient origin, but that it has so far
preserved its plasticity (notice its possibilities of most different-ecomor-
phoses, there are even cactaceous types). Erd tmann’s researches, of
course, show that, because of an absolutely different character of the pollen,
some families so far assigned here will have to be revised from the taxo-
nomical point of view (the family Elceocarpaceae from the order Tiliales
[no secretory mucilaginous reservoirs!] perhaps with reference to the order
Bixales; the families Daphniphyllaceae and Dichapetalaceae from the order
Euphorbiales). It is also important to mention that the family Malpighiaceae,
referred by many botanists to the order Tiliales, has an entirely different
kind of pollen recalling, to a greater degree, the evolutionary line Geranio-
rutoideae of our trend Geranio-rhamnineae.

The progressivity of the both mentioned evolutionary branches. is-
apparent (more in the order Malvales than in the order Tiliales) also in the
relative abundance of herbaceous types. In spite of all this both the branches
have mostly preserved a well-developed seed endosperm.

All the above-mentioned traces of archaic features (sieve- tubes endo-
sperm) are in harmony with their rather ancient origin. Many impressions
show their presence as early as the middle phases of the Cretaceous. They
attained a particularly high degree of prosperity in the Upper Cretaceous
and older Tertiary.

Evolutionary trend Guttifero-myrtineae (Fig. 10).

Some members of the order Theales approaches the more primitive
trend Dilleniineae, certainly even to'a greater degree than does the preceding
evolutionary trend: many of them have an indefinite great number of floral
members, according to Er d t m ann, the pollen of the family Actinidiaceae
bears considerable resemblance to that of:the family Dilleniaceae. Morpho-
logically and serodiagnostically it exhibits also some resemblances with the
trend Saxifrago-rosinege. Two main more progressive branches are linked
with the archaic line Theales: 1.-the order Guttiferales which preserved
the superior ovary, but lost the endosperm, and where stamens got fused
in various ways, and 2. the pair of orders Myrtales and Lythrales which
showed the tendency towards the loss of endosperm, various complications
in the androecium, and a gradual submersion of ovaries. In the order
Lythrales, too, herbaceous types branched off and vascular bundles became
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complex (mostly bicollateral bundles with intraxyllary phloem). All this
points to a relatively stronger progressivity and derivation of this order,
as compared with the proper order Myrtales.

Surprising suggestions about the problem of affinities of this whole
evolutionary line have been given by Erdtmann’s palynological dis-
coveries. First of all, the relatively close relations between the orders
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Fig. 10.
Schema rozpadu zékladnich vyvojovych fad Columnifero-tricocceae a Guitifero-
myrtineae.
Scheme of the splitting of the basic evolutionary trends Columnifero-tricocceae
and Guttifero-myrtineae.

Myrtales and Lythrales have been confirmed. Of extreme interest, however,
is especially the great similarity of the pollen of the order Myrtales (parti-
cularly the pollen of the family Myrtaceae) to that of the order Proteales
and then the resemblance of the pollen of the order Lythrales (especially
the pollen of the family Rhizophoraceae) to that of the order Santaldles.
Also the pollen of some families, usually placed into the order Thymelaeales,
and of the family Elaeagnaceae have been found by Erdtmann to be
similar‘in certain respects to that of some members of the series Myrtales-
Lythrales. All this casts some light on the affinities of the order Proteales
which has until now been rather mysterious (for more details see the
paragraph dealing with the evolutionary trend Thymelaeo-proteineae).
The majority of taxonomers link with the order Lythrales (particularly
near the family Onagracece [or Oenotheraceae]) the family Thelygoniaceae
(strongly derived herbs, the ovules of which are provided ‘with a single
integument), aquatic derivatives Hydrocaryaceae (or Trapaceae), Gunnera-

119



ceae, Haloragaceae and Hippuridaceae, as well as the parasitic derivative
Cynomoriaceae (convergent to-a certain degree to the order Balanophorales).
This assumption seems to be fully justified, although, for the time being,
there are, apart from the morphological evidence, upon the whole no other
reasons for it. Palynology is of no more use here than in the cases where
strongly reduced types are concerned. Erdtmann was able to discover
only that the pollen of the family Haloragaceae resembles that of the
Gunneraceae (for this reason these two families are classified in this paper
as the order Haloragales). In other respects all the types seem to be
considerably far from one another and to have the status of orders. It is
commonly accepted that morphologically the family Hydrocaryaceae (which
is related to the family Onagraceae) is nearest to the order Lythrales. All
these relations, however, may date from a very far past, because the seed
endosperm disappeared to a considerable degree in the order Lythrales,
but is still very well preserved in the mentioned derived groups. The fact
is that palaeontologically many types of the trend Guttifero-myrtineae
belong to the oldest Cretaceous Angiosperms we know of. It is of interest
that the same applies also to some of their aquatic derivatives (Haloraga-
ceae, Hippuridaceae).

Evolutionary trend Umbellifero-celastrineae (Fig. 11).

This trend comprising the choripetalous orders Umbelliflorales (fami-
lies Alangiaceae and Nyssaceae included), Pandales, Celastroles, Sapindales
and perhaps also Polygalales, as well as a whole series of sympetalous
derivatives seems to represent a series evolutionary parallel (or perhaps
at ancient times also related) to the primitive evolutionary trend Dille-
niineae, particularly to the order Coriariales. Because of some morpho-
logically anologous features this last order is by many investigators
assigned directly to the order Celastrales (e. g. F. A. Novék). According
to Erdtmann, however, its pollen is of a much more archaic nature,
too different not only from that found in various families of the order
Celastrales, but also from - that discovered in the families of the order
Sapindales. The whole trend (even irrespective of spezialized derivatives)
is distinguished by considerably stabilized and simplified floral diagrams,
the presence of glandular discs in the flowers, a tendency towards opposite
leaf arrangement on the axes, and, from the biochemical point of view,
by the presence of volatile oils, resin secretions, tannins and alkaloids
(latex tubes producing rubber substances in some sympetalous derivatives;
the Apocynales). There are obvious tendencies towards the submersion of
ovaries, the loss of endosperm, sympetaly, simplifications of ovules to
single-integument types, and a general floral reduction.

As far as normal, not derived, and mostly chor’petalous orders are
concerned, two fundamental evolutionary lines can be distinguished accord-
ing to what degree the just-mentioned features became developed: 1. the
first is represented by the order Umbelliflorales (theumbellifloroid
line), 2. the second, by the orders Celastrales and Sapindales (the ce-
lastro-sapindoid line) to which the rather isolated order Pandales
is remotely related. The splitting of the whole trend into these evolutionary
lines must have taken place at some time long ago, for the impressions
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pointing to the types of both these lines are represented in fact already
among the oldest Cretaceous Angiosperms. The separation of the orders
Celastrales and Sapindales is of a little later date, because fossils, suggesting
with more certainty the representatives of the order Sapindales became
more abundant only in the late phase of the Cretaceous.
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Schema rozpadu zékladni v§vojové Fady Umbellifero-celastrineae. )
Scheme of the splitting of the basic evolutionary trend Umbellifero-celastrineae.

Evcrllz.lti\:maryf tendencies of the mentioned lines are very typical. The
umbellifloroid line shows a marked tendency towards the formation of
characteristic umbelliform inflorescences; its herbaceous derivatives tend
to develop conspicuously broad petioles and multilacunary nodes. As to the
celastro-sapindoid line the mentioned splitting resulted on one hand (the
order Celastrales) in preserving some more original features (endosperm)
with an obvious tendency towards sympetaly (Icacinaceae, Stackhousiaceae,
Salvadoraceae) and reduction of integuments to only one (Icacinaceae,
Aquifoliaceae), on the other hand (the order Sapindales) in the general
reduction of flowers, their crowding into dense inflorescences and the loss
of endosperm.-

Many new suggestions concerning the affinity problem of the plants
included into, or related to, this trend, have been made by Erdtmann.
As regards the arrangement of pollen-grains, he found that there is a far
: greater variety within the order Celastrales than in the order Sapindales;
this, in a sense supports the view that the Sapindales are of a derived
character. In addition to this, Er d t mann’s studies confirmed a relative
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isolation of the family Pandaceae, which is to be considered as some lateral
evolutionary branch of the series Celastrales-Sapindales. It has been further
proved that the family Staphyleaceae belongs to the order Celastrales (as
already suggested by F. A. Novak) and not to the order Sapindales to which
it was often assigned. The pollen of the family Connaraceae, so far usually
placed into the order Celastrales, was found to be of an entirely different
nature, rather recalling that of the order Rosales (to which this family was
assigned by F. A. Novak for morphological reasons). The family Didiereaceae
too, greatly differs in the pollen arrangement from the other representatives
of the order Sapindales; this, as can easily be seen, is due to its being
a strongly xeromorphous derived type. Also the families Sabiaceae, Empe-
traceae and Corynocarpaceae have pollen grains of a substantially different
nature. In the case of the family Sabiaceae, the problem of its pollen has
not been definitely solved and a further revision is desirable. The family
Empetraceae, owing to the fact that it has a pollen quite analogous to that
of the family Ericaceae, is to be placed into the order Ericales. Finally,
the family Corynocapaceae has to be assigned to the trend Guttifero-
myrtineae, because its pollen bears a striking resemblance to that of some
members of this trend.

With regard to the order Polygalales, it has not yet been satisfactorily
classified: osfor no method (morphological, serodiagnostical, or palyno-
logical) has presented any plausible interpretation to be universally accepted.
In view of a normal diplostemony ,it is to be assumed that this is a case
of some ancient lateral line, rather celastroid than geraniorutoid, even if
the pollen recalls, to some extent, conditions seen in the family Mal-
pighiacece. : ; .

Another much contested problem is the relation of the families Alan-
giaceae and Nyssaceae which by some botanists are linked up with umbelli-
ferous types or placed rather near to the myrtoid types (recently also by
F. A. Novak because of some more important morphological reasons).
Erdtmann’s studies are more in favour of the first opinion: there are
too evident analogies between the pollen-grains of the families Nyssaceae
and Cornaceae on one side and those of the families Nyssaceae and Alan-
giaceae on the other. The pollen of the family Cornaceae very closely
approaches that of the family Araliacece, which again is related to that
of the family Umbelliferae. On the other hand, there are no such relations
to any group of the trend Guttifero-myrtinece.

The relative antiquity of the orders belonging to this whole trend
(except of course, the relatively derived family Umbelliferae) is revealed
by some archaic, sporadically preserved characteristics: here and there they
still show sieve-tubes of the first Hemenway stage, although they have
mostly reached the second stage (the Umbelliferae even the third), their
vessels are still provided with scalariform perforations, and their wood has
no libriform fibres (only tracheides). This agree with the antiquity of their
fossil record.

As decidedly amentiferous derivatives (on grounds stated in the
section dealing with amentiferous derivatives) the orders Garryales, Juliana-
les and Leitneriales are assigned to this trend; the first order is to be
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linked with the evolutionary umbellifloroid line, all the others, with the
celastro-sapindoid line.

The orders Ligustrales (or Oleales), Loganiales (or the narrower
orders Loganiales, Apocynales and Centianales) and Rubiales are to be
regarded as sympetalous derivatives of this trend. This agrees with the
current views as to the various morphological and even biochemical ana-
logies. Also Erdtmann’s recent palynological discoveries are upon the
whole in favour of these relations. In certain respects their pollen resembles
that of the representatives of the order Celastrales (particularly in the
family Oleaceae from the order Ligustrales) as well as that of the families
Umbellifereae and Cornaceae (especially in the families Caprifoliaceae and
Rubiaceae from the order Rubiales). The pollen of the order Loganiales is
mostly (especially in the family Loganiaceae) of a too multifarious nature
(eurypalynous types) so that it cannot be relied upon with certainty; only
some relations to the family Rubiaceae can be ascertained here. Palaeonto-
logically all these plants are of considerable antiquity, because impressions,
well comparable with many of them, date from as early as the middle
phases of the Cretaceous (Cenomanian). In spite of this many of them
reached considerably derived stages even in the anatomical structure (bicol-
lateral bundles, intraxylary phloem, latex-tubes). According to the mor-
phological nature and the type of the pollen-grains two lines can be
distinguished: the one (orders Ligustrales and Loganiales) is more narrowly
linked with the more original line Celastrales-Sapindales, the other (Rubiales)
with the umbellifloroid line. Besides these three sympetalous orders, also
the order Compositales (or Asterales), which has already been sufficiently
discussed with reference to the evolutionary trend Parietaleae, might be
taken here into consideration as a further sympetalous derivative. Erd t-
mann’s palynological discoveries are more in support of these relations
than of their affinities with the parietal types. As, however, this group
is very progressive and its pollen shows an enormous-variety (it is of a
strongly eurypalynous nature) it is very difficult to decide whether in this
case the pollen morphology is quite reliable. Erdtmann himself admits that
in certain features, of course, to a lesser degree, its pollen is similar to
that found in the family Campanulaceae which is indisputably related to
parietal types. It seems therefore that the relation of the Compositales to
the- parietal types is more probable; this is also the opinion of most taxo-
nomers.

4, Notes on two very old sympeta'lous plant
groups of rather problematic relationship.

Evolutionary trend Sapoto-primulineae (Fig. 12).

The old sympetalous trend Sapoto-primulineae, including the orders
Ebenales, Styracales, Myrsinales and Primulales, has already been indirectly
outlined by J. Velenovsky. It is of an ancient origin, because impres-
sions very probably refering to some of its representatives date from as
early as the Cenomanian stage of the Cretaceous (of course, herbaceous
Primulales excepted). They seem to have attained sympetaly very early,
because, in other respects, they have preserved very many archaic features,
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which only very rarely occur in sympetalous types of a younger origin;
for the most part they have superior ovaries, ovules (the family Sapotaceae
excepted) with a double integument, and seeds containing sufficient endo-
sperm. As regards the floral morphology, they all have many common
features (this has already been pointed out by J. Velenovsky): ten-
dencies towards various complications in the androecium not dissimilar

Fig. 12.

Schema vzdjemného poméru vyvojovych linii starého sympetalniho okruhu
Sapoto-primulineae.

Scheme of the mutual relations of the evolutionary lines of the old sympetalous
group Sapoto-primulineae. - ;

to what is seen in the evolutionary trends Guttifero-myrtineae and Columni-
fero-tricocceae (Ebenales, Styracales) or towards reductions in the andro-
ecium to only one epipetalous stamen whorl derived from normal diploste-
mony (Myrsinales, Primulales, and the family Sapotaceae).

The affinities of this trend have been evaluated in very different ways,
the order Primulales has even been considered to be related to Centro-
spermeae. Qtherwise some relations to the orders Guitiferales, Parietales,
Rhamnales, or even directly to the wide line Ranales-Magnoliales (our
evolutionary trend Polycarpiceae) have mostly been suggested. Here, too,
Erdtmann’s palynological discoveries have, no doubt, contributed much
to the solution of these problems. Judging from the nature of pollen grains
we may, first of all, assume close relations between the orders Myrsinales
and Primulales. This assumption fully confirms Velenovsky’s opinion
that the Primulales represent a herbaceous derivative of the order Myrsi-
nales. Their pollen is, however, of a different character from that found
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in all centrospermous types as well as the order Plumbaginales, from which
they are so frequently derived (besides other reasons also for the positive
serodiagnostical reactions between the family Primulaceae and Phytolaccg-
ceae). Palynology is, however, unable to find relations among the orders
Myrsinales, Ebenales and Styracales. The order Ebenales has a quite isolated
position without being more closely related to the trend Polycarpiceae,”
with some members of which it is sometimes directly linked up (Gros -
ge jm). Within the order Styracales, Erdtmann discovered certain
analogies to the pollen of the members belonging to the umbellifero~-ce-
lastroid trend (in the family Styracaceze to the family. Cornaceae and’
" Nyssaceae, in the family Symplocaceae to the family Icacinaceae). When, in
addition to this, various frequently mentioned morphological phenomena
are taken into consideration, it seems to be prbable that in this trend there
are at least three convergent evolutionary lines. One of them, comprising
the order Ebenales, may have arisen at some time long ago in the evolutio-
nary trend Guttifero-myrtineae (more probably than in the trend Parie-
taleae), the other two (Myrsinales-Primulales and Styracales) in the umbel-
liferocelastroid trend. The splitting off of the line Myrsinales-Primulales
might have taken place much earlier than that of the line Styracales. It is
only in such a way that the palynological relations of the order Styracales
may have remained more or less recognizable. In other respects various
floral changes became reflected in the alterations of pollen-grain sculptur-
ings to such a degree that the true origin of the order is no longer suffi-
ciently clear. Various morphological analogies found especially between the
herbaceous order Primulales and the order Plumbaginales have to be ex-
plained by convergences.

Evolutionary trend Thymelaeo-proteineae (Fig. 13).

Ancient sympetalous types included into the trend Thymelaeo-protineae
_belong to the most mysterious groups of the Angiosperms. It was again by
Erdtmann’s palynological discoveries that new light was cast on their
nature and affinities. Following orders (or families in the status of inde-
pendent orders) make up this trend: Elaeagnales, Thymelaeales, Olacales,
Santalales (together with the family Loranthaceae and its relatives) and
Balanophorales. It is most interesting that, in spite of a great number of
very strongly derived features, many of them (particularly the order Pro-
teales) represent the oldest angiospermous types of the Cretaceous flora
in general. Many mutual analogies in the floral morphology. of the just
mentioned orders, which, of course, may have a character of mere conver-
gences, have already been pointed out by J. Velenovsky. For various
reasons the order Thymelaeales is frequently assumed to be most closely
related to the order Myrtales, and the family Elaeagnaceae is placed into
its ne‘ghbourhood (in this case some investigators suppose relations to
the order Rhamnales). As to the family Thymelaeaceae, the presence of
mucilaginous reservoirs quite similar to those of the Columniferae is often
called attention to. The order Proteales has recently been linked up directly
with the types of the trend Polycarpicece (Grosgejm, Emberger,
F. A. Novak). Finally, as regards the orders Santalales, Olacales and
Balanophorales, many investigators (J. Hutchinson, F. A. Novék)

5*
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suggest relations to the orders Celastrales, others (Grosgejm,Ember-
ger), to the order Proteales. It is due to Erdtmamnn’s palynological
researches that these mutual relations (or similarities) have been dis-
covered.

" The pollen of the order Thymelaeales is far from being uniform. In
the family Geisolomotaceae it reveals no special features and shows some
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Schema vzdjemného poméru vyvojovych linii starého sympetalniho okruhu Thy-
melaeo-proteineae.
. Scheme of the mutual relations of the evolutlonary lines of the old sympetalous
group Thymelaeo protemeae

sl:ght analogies to the pollen of the order CeIastmIes, but dec1dedly not
to that of the other families of the trend under discussion (i. e. the Thyme-
laeaceae, Elaeagnaceae, Penaeaceae). The pollen of the family Penaeaceae .
has some features in common’ with that of some families of the order
Lythrales (Oliniaceae, Lythraceae). In the family Elaeagnaceae there have
been found certain similarities to the pollen of the family Myrtaceae as
well as ‘the Rhamnaceae, but no sufficient analogies to the pollen of the
families Proteaceae or Thymelaeaceae. Finally, the pollen of the family
Thymelaeaceae entirely differs from that of all the mentioned families and
strongly reminds of crotonoid pollen-grain types found in the representa-
tives of the family Euphorbiaceae (and, therefore, to some extent, also the
Buzxaceae).

"Actording to Erdtmann’s researches, the pollen of the family
Proteaceae indisputably resembles not only that of the families Olacaceae,
Santalaceae and Balanophoraceae, but also especially that of the family
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Myrtaceae. In the series Olacales-Santalales-Balanophorales Erdtmann
found many features in common with the pollen of some families of the
order Myrtales, but no relations at alI to the pollen of the representatives
of the order Celastrales.

Palynologically, in all these cases the relations to the evolutmnary
trend Guttifero-myrtineae have been confirmed, but nothing in common
has been found with the trend Umbellifero—celastrineae. In the only family
Thymelaeaceae this method has ascertained relations to the trend Columi-

“nifero-tricocceae. Desirable may be the revision of affinities in the family
Penaeaceae, which reveals too distinct relations to the order Myrtales, and
then in the family Geisolomataceae, where certain connections with the
order Celostrales can be traced. May be that these families do not at all
belong to the trend Thymelaeo-proteineae.

Unless the peculiarities found in the family Thymelaeaceae are to be
considered as features (mucilaginous reservoirs, crotonoid pollen) which
arose quite independently (i. e. without being due to affinities with the
columniferous types)—and this assumption seems to be rather improbable
—irrespective of the so far obscure families (Geisolomataceae and perhaps
also Penaeaceae) the brief summary of the mentioned -circumstances
suggests that the whole trend contains two fundamental evolutionary
lines which convergently came very near to each other. The former might
embrace the families Proteaceae, Elaeagnaceae (and perhaps also Penaea-
ceae) together with the whole derived series Olacales-Santalales-Balano-
phorales. It seems to have split off at some time in the very ancient past
from the evolutionary trend Guttifero-myrtineae. The latter would include
only the family Thymelaeaceae; its origin is to be looked for in ‘the evo-
tionary trend Columnifero-tricocceae. This assumption is not in contra-
diction to our palaeontological knowledge, as the remains of myrtaceous
types (e. g. Eucalyptus) as well as of the representatives of the family
Proteaceae are known to us from as early a period as the mid-Cretaceous,
when Angiosperms actually began to appear on a larger scale. !

The whole parallelism in the development of various fundamental
members of the whole evolutionary trend Thymelaeo-proteineae has also
been pointed out by J. Velenovsky (particularly that between the
families Thymelaeaceae and Proteaceae). As a matter of fact, the former
of the mentioned evolutionary lines represents a group o fultimate members
of the evolutionary branches that took entirely different developmental
courses: the order Elaeagnales (the family Elaeagnaceae and, beside- it,
perhaps also the family Penaeaceae) in harmony with normal mesophytic
life conditions, the order Proteales (the -family Profeaceae) rather with a
tendency towards adaptation to xerothermous conditions, and finally the
series Olacales-Santalales-Balanophorales with a tendency towards a para-
sitic life. The flowers have all preserved superior ovaries, only in the
parasitic series (Santalales-Balanophorales) the ovaries were becoming
inferior; this process was accompanied by strong reductions resulting in
the loss of integuments (Olacales have only one or two integuments or
occasionally none at all, integuments are altogether missing in the orders
Santalales and Balanophorales; in some cases even the whole carpels
together with the ovules entirely reduced to tissues where one to three
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embryo sacs are found embedded). Quite inverse was the case of endosperm:
it is well developed in types subjected to strong reductions in other respects,
whereas in the others (Thymelaeales, Elaeagnales) it is weakly developed
or even missing entirely (Proteales). The other floral parts suffered a parti-
cular kind of reductions: only one whorl has been left in the androecium,
petals aborted, sepals assume a petal-like appearance, all this led to a
seemingly epipetalous position of the stamens. In addition to this, the order
Proteales reached even a substantial floral zygomorphy and a strong con-
densation of flowers into head-like inflorescences. Finally, an extreme’
reduction of the vegetative body can be found in the parasitic series Ola-
cales-Santalales- Balanophorales. Provided that the nature of the pollen and
the presence of the mucilaginous reservoirs really reveal its true nature,
- the other evolutionary line, i. e. the order Thymelaeales (only the family
Thymelaeaceae), which is parallel with, and convergent to, the first line
(especially to the order Elaeagnales), must have diverged from the trend
Columnifero-tricocceae on very primitive stages, because the nature of
the ovaries differs to a certain degree from that found in the orders Tiliales,
Malvales as well as Euphorbiales. It is evident that they represent a third
branch of the columniferous line, much more archaic than are the Euphor-
biales.

D. Monocotyledonous Evolutionary Trends
(see Fig. 7 and 14).

The fourth section of this paper deals with many phenomena showing
clearly that Monocotyledons, as a matter of fact, represent a type derived
under the influence of various special life conditions from a more original
dicotyledonous type (geophily, hygro- till hydrophily, etc.). Today, hardly
any taxonomer would doubt that the source of their origin was our trend
Polycarpiceae. It is in this trend that we come across most dispositions to
the formation of characteristics which did not reach their full development
until in the Monocotyledons: ataktostely (in the families Ranunculaceae,
Berberidaceae, Nymphaeaceae, there are also cases of it in the families Pa-
paveraceae, Casuarinaceae, Chenopodiaceae, Amaranthaceae, Nyctaginaceae,
and Phytolaccaceae, all these being considered in this paper as relatively
archaic types), disappearance of one of the two cotyledons, very much
derived shape of parallel-veined leaves, polylacunarmnodes, collateral arrange-
ment of axillary buds, etc. The monocotyledonous pollen does not show
such a variety of forms, as is found in the Dicotyledons; considerably
primitive types of a monosulcate nature or derived from this (acolpate or
asulcate, 1-porous or multiporous grains) predominate. This primitivity and
a relative uniformity of the pollen point to a very ancient orgin of the whole
group as well as to its relative unity and homogeneity (some kind of relative
monophylety). In spite of their strongly derived character, many types show
their ancient origin by still having sieve-tubes of a more primitive kind
(i. e. with considerably oblique cross walls), though in other cases sieve-
tubes are already provided with perpendicular cross walls. To such primitive
types belong not only some families predominantly consisting of woody
plants, i. e. the Palmae, Pandanaceae, Dioscoreaceae, Smilacaceae, but also
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some genera of the family Liliaceae (e. g. the genus Asparagus). These types
have to be regarded, not as derived types, but as archaic groups giving rise
to further development. The relative antiquity of Monocotyledons can, to
some extent, be proved palaeontologically. They appear, parallely with
Dicotyledons, as early as the middle phases of the Cretaceous, but always
in a subordinate position. It is not until in the Upper Cretaceous and
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Schéma rozpadu ¢asti vyvojové zdkladni Fady Polycarpiceae v rizné soubézné
fady monokotylni.

Scheme of the splitting of a part of the basic evolutionary trend Polycarpiceae
into the various parallel Monocotyledonous evolutionary lines.

particularly in the Palaeogene that they are becoming more abundant (this
is clearly visible in the occurrence of the Palm pollen). This picture is, of
course rather imperfect because most herbaceous Monocotyledons, owing
to their distribution and nature had no chance of entering as fossils into
sedimentary series. On the other hand, the very fact that they become
more abundant only as late as the Upper Cretaceous suggests a delay in
their development, and, consequently, also their rather late origin as well
as their derived character.

Because a great part of Monocotyledons are herbs and woody Monoco-
tyledons reveal a peculiar nature of xylem, many investigators are of the
opinion that such woody monocotyledonous types were secondarily derived
from the herbaceous ones. This may be true with- some particular cases,
but on no account with woody plants which disclose more primitive sieve-
tubes than do the herbaceous types from which they are thought to arise.
The long pedigrees suggested by many botanists for illustrating the
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development of the Monocotyledons seem to be as improbable as are those
devised to show the evolution of Dicotyledons, and especially those that
start from the order Helobiae and lead, through the Liliiflorae to Palms
and Pandanaceae. It is just the last-named plants that have preserved
oblique transverse walls in their sleve-tubes. Here, too, it is very probable
that the Monocotyledons represent a set of some parallel series, mutually
much more closely related than are the different dicotyledonous evolutionary
trends, because they all seem to have otiginated only from one quite specific
dicotyledonous evolutionary line, very likely, as has been stated, of the
trend Polycarpiceae. In most respects this view has been recently shared
by M. Deyl (1954). -

In spite of a relatively uniform base of the floral diagram, which so
much suggests the idea of a single rather large and complex pedigree,
about at least six (according to M. Deyl as many as eight) fundamental
evolutionary lines can easily be distinguished, provided that characteristic
features are duly taken into consideration (nature of ovaries, special ten-
dencies towards reductions as well as condensations of the flowers, char-
acter of pollen, anatomical peculiarities [particularly the sieve-tubes],
shape of leaves, mode of origin of axillary buds, position of leaves at the
base of branchlets). Some of them appear to converge more to the type
represented by the family Ranunculaceae, others, to the order Piperales or
Aristochiales. In the first case there seem to be mere convergences, because,
e. g., the pollen in the family Ranunculaceae is of a decidedly 3-colpate
basic type; in the latter case . there may probably exist actual, closer
affinities, as the orders Piperales and Aristochiales form their pollen on a
monosulcate base. The real affinities are then to be looked for in the
direction of the proper magnolioid series in spite of all the differences in
the general appearance (such monocotyledonous types represent perhaps
derived descendants of some types of a mostly herbaceous character, no
more existing today and standing between the series of aquatic derivatives
Nymphaeaceae, as well as Cabombaceae and the series of the proper woody
Magnoliales). The six evolutionary trends included here are the following:
Spathifloreae, Pandanoideae, Palmo-synantheae, Lilio-agavoideae, Diosco-
reoideae, and Helobieae. '

The trend Lilio-agavoideae represents today a central monoco-
tyledonous type which is most widespread and most diversified so far as
its special further derivatives are concerned. According to the author’s
classification they embrace the orders Liliales, Cyperales, Microspermales
(Orchidales), Hutchins on’s order Agavales, the genus Xanthorrhoea in
the status of the order Xanthorrhoeales (i. e., to some extent, in the sense
of Deyl’s monocotyledonous * xeranthemous” type), the family Smila-
caceae in the status of the order Smilacales, Glumiflorales (Poales), Triuri-
dales, Commelinales and Zingiberales. It is in this trend that almost all
taxonomers look for—and they are to a great extent right in doing so—
the common stock of the four following extreme courses of evolution:
(a) connected with the order Commelinales is the order Zingiberales, an
extremely entomophilous derivative with a pronounced tendency towards
zygomorphy as well as irregular floral structure, and the order Glumi-
florales (Poales), a derivative which shows a tendency towards extreme

130



anernophily and reduction of flowers of gramineous nature; (b) similarly
linked with the order Liliales are the entomophilous zygomorphic Micro-
spermales (Orchidales) and the gramineous anemophilous Cyperales with
reduced flovers. — Besides these extreme derivatives tending towards a
special floral arrangement, two more lines with a tendency towards becom-
ing woody (which is evidently a secondary phenomenon, derived from
herbaceous types) can be clearly distinguished: (c) on one hand Hut-
chinson’s order Agavales, the origin of which is assumed by many
authors to be biphyletic (arising partly from the-affinities of the family
Liliaceae and partly from that of the family Amaryllidaceae; Hutchin-
son’s view has been recently shared and supported by M. De y1), (d) on
the other hand the relationship of the genus Xanthorrhoea in the status
of the order Xanthorrhoeales, representing to a great extent what M.
Deyl calls “xeranthemous” type. Finally, besides all these types that
for the most part still retain their full vigour and can be regarded as
derived and ecologically specialized evolutionary branches of the two
fundamental orders Liliales and Comunelinales, the trend ‘Lilio-agavoideae
includes two more types of an evidently relict character, which also owing
to morphological reasons cannot be separated from it, i. e. the Smilacales
and Triuridales. Some light has now to be thrown on their nature.

Because of its apocarpous gynoecium the order Triuridales (with-the
only seprophytic family Triuridaceae) is often placed into the trend Helo-
bieae. It differs, however, from it in having a well-developed endosperm.
Palynology does not reveal much in this case; according tc Erdtmann,
the pollen is of a very much reduced nature (rounded and nonaperturate),
which is evidently in connection with its saprophytic life. Some explanation
as to its relations is afforded by its comparison with the genus Petrosavia
(also a saprophyte), assigned, perhaps with full right to the order Liliales.
Its ovaries are only partially fused at the base, and show thus clearly a
transitory stage. It is apparently due to the saprophytism that the original
archaic state has been preserved here, just as in other cases (see, e. g.,
pteridophytic relicts Psiloturn and Tmesipteris). Its relation to the order
Liliales is, therefore, very close.

Also the order Smilacales (with the only genus Smilax) is, no doubt,
in many respects very nearly related to the order Liliales, especially the
family Liliaceae. It differs, however, most remarkably from it not only in
the general arrangement of leaves (‘‘dicotyledonous” type), but also in
the orientation of the first scale-shaped leaflets on the branches (see J.
Velenovsky) and in a different orientation of the embryo in the seed
(its position is not central, in the axis of the seed, but excentrical in the
endosperm). From the palaeontological point of view it is a very old type,
very well developed as early as the Late :Cretaceous. It seems to have
separated from the main evolutionary lilioagavoid trend very early (like the
Triuridales) and to have retained, in some respects, more archaic char-
acteristics because of a considerable specialization for greatly xerothermous
conditions; on the contrary, the development of other members of this
trend was for the most part influenced by strong tendencies towards
geophily. :

From all this it follows that the Triuridales, as well as the Smilacales,
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represent, within the lilioagavoid trend, two interesting blind lateral lines
which, due to special life conditons, became arrested on certain stages,
less progressive, when compared with the development attained by most
representatives of the whole trend.

The evolutionary trend Dioscoreoideae, including the only
order Dioscoreales, most frequently assigned to the order Liliales in the
status of a mere family, recalls by its various.features (shape and venation
of leaves, serial arrangement of the buds at leaf axils, transversal position
of the first leaves on branches, collateral vascular bundles still found at
least in young branchlets) the dicotyledons far more than the Monoco-
tyledons. Clear analogies (both in flowers and fruits) with the order
Aristolochiales have been duly pointed out already by J. Velenovsky.
This trend has therefore nothing in common with the lilioagavoid evo-
lutionary trend itself and obviously represents an ancient relict, which,
of all the Monocotyledons, may stand nearest to their dlcotyledonous
ancestors.

The evolutionary trend Helobieaze.—As all taxonomic com-
pendia so far published show, the evolutionary trend Helobieae represents
a series of rather isolated types formerly included into the order Helobiales
(or else Alismales). The development of all of them took place under the
influence of a pronounced tendency towards hydrophily, and, in a sense,
convergently to many phenomena found in the dicotyledonous Ranunculales,
Nymphaeales, as well as other orders of the trend Polycarpiceae. It is just
owing to such extreme and apparently very early adaptations to special
life conditions that, of all the monocotyledonous groups they advanced
least. More or less they all preserved their apocarpous gynoecia. A rather
substantial progressivity, of course, also of a reductional character, is
revealed here only by the loss of endosperm. In other respects, their
development tended towards various slighter reductions affecting floral
parts, pollen-grains (mostly simplified, nonaperturate pollen-grains) as
well as anatomy of axes—all this obviously being connected with their
aquatic environment. Many taxonomers attach here a great importance
to the so-called squamulae intravaginales which they consider to be an
_ outstanding characteristic showing a considerable uniformity of this group
(e. g. M. Deyl), although J. Velenovsky points to the presence of
such scales also in other aquatic Monocotyledons (e. g. the genus Acorus).
Another outstanding feature of this trend is seen by many botanists in
the formation of hibernative buds (the so-called hibernaculae). In other
respects an amazing variety in forms lead the more recent systematists
to distinguish here a greater number of orders. Very often this trend is
regarded as a center of development and all the other Monocotyledons
are derived from it. This assumption is, however, quite erroneous, because
this whole group represents, as a matter of fact, only a blind and extremely
specialized branch. On the other hand, it must be admitted that, of all the
Monocotyledons, it has preserved the most archaic type of flowers, which
give us an idea of what the flowers of the ancestors of the present-day
Monocotyledons might have looked like.

The evolutionary trend Spathifloreae.—As regards the
appearance and floral reductions, the evolutionary trend Spathifloreae,
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including the only predominantly herbaceaus order Arales, is the one of
all the monocotyledonous trends which most converges to the type Pipe-
rales. This phenomenon was by many taxonomers considered as proof of
actual affinities. The Spathifloreae show a marked tendency towards strong
floral reductions accompanied by a condensation of flowers into dense
spadix-like inflorescences protected by characteristic spathes. This re-
ductional tendency is especially evident in hydrophilous types where even
the number of flower on the spadix occasionally strongly decreases, e. g.
in the genus Pistia, to only two (one male with two stamens and one female
with a small one-carpel ovary). By the majority of taxonomers also the
typical aquatic derivative, the family Lemnaceae, is brought into connection
with these strongly reduced aquatic types. Detailed and most ingenious
researches concerning these affinities were made by J. Velenovsky
from the morphological point of view. Palynologically Erdtmann has
discovered that the pollen-grains of this family stand nearest to those of
many representatives of the family Araceae and that only some of their
features slightly recall the pollen of the family Najadaceae. He also found
a somewhat similar pollen in some genera of the family Zonnichelliaceae
(particularly in the genus Zannichellia). The pollen of the group Helobieae
is, of course, strongly reduced and nonaperturate, whereas in the family
Lemnaceqe it is monoaperturate. In spite of all this some botanists also (M.
Deyl) have raised serious objections to the derivation of the family
Lemnaceae from the family Araceae and considered its relations to the trend
Helobieae as more probable. Their opinion is based mainly on the following
phenomena: some points of resemblance in the arragement of the stigmas,
certain analogy between the hibernaculae of some representatives of the
group Helobieae and the leaflets resp. segments of the Lemnaceae, discovery
of ‘squamulae intravaginales found in the genus Spirodela and some su-
perficial similarity of its pollen to that of the genus Zannichellia. To solve
this problem quite objectively is surely very difficult, because various
convergences found in these plants so extremely adjusted to aquatic life
and so strongly reduced may, after all, appear to be actual affinities. It is
surprising that the family Lemnaceae has preserved a monoporate pollen
type and the seed endosperm, whereas the trend Helobieae shows a marked
tendency towards a strong reduction of the pollen (all grains are nonaper-
turate) as well as the loss of the endosperm (missing everywhere). This
striking difference is more in favour of the older theory (J. Velenov-
s k ¥) suggesting relations of the Lemnaceae to the trend Spathifloreae.
The evolutionary trend Pundanoideae, embracing besides
a great number of herbaceous elements also many woody plants developed
rather more distantly from the type Piperales than did the trend Spathi-
floreae. Here,. too, there is a strong tendency towards the reduction of tiny
flowers to mere naked stamens and small ovaries. The antiquity of this line
and, consequently, its considerable independence on other monocotyledonous
evolutionary trends is confirmed in a most conspicuous way not only ana-
tomically by the presence of still oblique cross walls in the sieve-tubes of
some genera, but also by fossil evidence: impressions of plants quite
. similar to the present-day representatives appear as-early as the Creta-
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ceous, some even by the close of the Lower Cretaceous. Otherwise they
occur rather parallelly with the remains of the Palms.

. The evolutionary Palm trend Palmo-synantheae, including
the orders Palmales (Principes or Arecales) and Cyclanthales developed most
remotely from the type Piperales and in the nearest neighbourhood of,
and parallelly to, the central main monocotyledonous type, the evolutionary
trend Lilioagavoideae. That it arose near the trend Lilio-agavoideae, is
indisputably indicated by a great number of morphological features found
in the floral arrangement. The mutual parallelism is chiefly proved by the
fact that the Palms as well as some representatives of the lilioagavoid trend
display apocarpous, or almost apocarpous, ovaries (the Palm group Co-
ryphoideae, the lilioagavoid Triuridales and the genus Pefrosavia) and an
archaic type of sieve-tubes (e. g. the lilioagavoid genus Asparagus or the
order Smilacales). The antiquity and independent origin of the Palms is
further indicated by the appearance of dichotomous branching (in the genus
Hyphaene), by the preservation of seed endosperm, and, last but not least, .
by fossil record: their remains known to us with certainty date from the
Turonian stage of the Cretaceous, it is, of course, not until the Senonian
stage that they become more abundant. They are exclusively woody plants.
— The other order Cyclanthales embraces besides woody types also herba-
ceous elements. In view of the morphology of their flowers they are often
with full right considered to be a type affected by strong floral reductions
and by a considerable condensation of flowers into dense inflorescences, a
type which represents a collateral derived branch of Palms tending to
produce herbaceous forms. It is no doubt, an evolutionary branch, which due
to strong convergences considerably approaches the evolutionary trend
Pandanoideae.

The last three mentioned monocotyledonous evolutionary trends
Spathifloreae, Pandanoideae and Palmo-synantheae stand doubtlessly nearer
to each other than to the other monocotyledonous trends discussed in this
paper. The Palms approach most the liliaceous type. But in view of various
anatomic features, some morphological conditions and old geologic age it
is to be assumed that this relation represents nothing more than the pa-
rallelism of these trends. The mutual relation of the three just mentioned
trends seems to be as follows: the bulk of the trend Pandanoideae has
reached about the same stage of development as have the more advanced
vepresentatives of the trend Pualmo-synantheae; it also contains a much
greater number of herbaceous types. In this light the trend Spathifloreae
again reminds of the more advanced stages attained by the trend Panda-
noideae. Here the herbaceous element is already predominating and the
development went even so far as to form altogether hydrophilous and
extremely reduced derivatives. These relations doubtlessly revealing a
. successive development from the normal, terrestric and woody types to
different herbaceous, geophilous, hygrophilous and even aquatic derivatives
are rather suggestive of considering these three evolutionary trends as
mere members of a single gradually proceeding evolutionary line. Nev-
ertheless, in spite of this so striking a phenomenon (which is often eva-
luated in the same way in the majority of diagrams showing the devel-
opment of Monocotyledons), it is to be assumed that three considerably
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independent and parallel evolutionary trends are concerned here. This
assumption is particularly supported by some mentioned primitive char-
acteristics shown by the woody plants belonging to these trends. If this -
were not the case, the supposition that such characteristics found in
successively more derived lines should give way to more progressive
feature would be more plausible. Another reason in favour of this sup-
position can be seen in their occurrence during the geological past: it is
hardly imaginable that such a long genealogic process should have taken
place within so short a period to be allotted to the whole development
of these trends as well as to their separation from a common dicotyle-
donous and polycarpous stock.

VII. Rough Outline of the System of Angiosperms divided into the single
Parallel Evolutionary Trends or Lines.

1. Dicotyledones.

- A. Evolutionary trends with flowers supposed to be of heterogenous
character.

a) Evol. trends arrested on the first evolutionary stage.
1. Trochodendrineae
Orders: Trochodendrales (only the families Trochodendraceae
: and Tetracentraceae).
b) Evol. trends arrested on the second evolutionary stage.
2. Eucommio-cercidiphyllineae
Orders: Eucommiales, Cerczd;phy!lales
3. Amentiferineae
Orders:
evolutionary lme Fagoideae: Balanopsidales, Fagales,
evol. line Myricoideae: Myricales,
evol. line Verticilloideae: Casuarinales.
4, Urtico-platanineae
Orders:
evol. line Rhoipteleoideae: Rhoipteleales,
evol. line Platanoideae: Platanales,
evol. line Urticoideae: Urticales.
c¢) Evol. trends which attained the third evol. stage.
5. Centrospermineae
Orders:
basic. evol. line Polygonoideae: Polygonales,
basic evol. line Chenopodio-caryophylloideae:
the lateral proper chenopodio-caryophylloid line: Cheno-
podiales (incl. the sympetalous derivative Amarantaceae),
Caryophyllales,
sympet. deriv.: Plumbaginales,
the Jateral phytolaccoid line: Phytolaccales,
sympet. deriv.: Nyctaginales,
amentif. deriv.: Batidales,
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succulent deriv.: Aizoales,
the lateral cactoid line: Opuntiales.
6. Geranio-rhamnineae
Orders:
evol. line Geranio-rutoideae: Geraniales (the Tropaeolaceae
and Balsaminaceae perhaps excepted) Malpighiales, Ruta-
les, Melilales,
sympet. deriv.: Ericales (incl. Empetraceae),
evol. line Buxoideae: Buxales,
evol. line Rhamnoideae: Rhamnales..

B. Evol. trends with flowers suppesed to be of homogenous character.

a) Evol. trends arrested on the first evolutionary stage.
1. Polycarpiceae
Orders:
evol. line Magnolio- annonozdeae Winterales, Degeneriales,
Magnoliales, Annonales,
sympet. deriv.: Myristicales, Aristolochiales
(incl. Rafflesiaceae and Hydnoraceae),
amentif. deriv.: Piperales, Hydrostachyales,
- aquatic deriv.: Nymphaeales, Ceratophyllales,
evol. line Callicantho-lauroideae: Laurales, Callicanthales,
amentif. deriv.: Chloranthales,
evol. line Schizandro-ranunculoideae: Eupteleales,
Schizandrales, Paeoniales, Ranunculales,
aquatic deriv.: Nelumbiales,
evol. line Berberido-menispermoideae: Berberrdales
Menispermales.
b) Evol. trends arrested on the second evolutionary stage
2. Dilleniineae
Orders: Dilleniales, Pzttospora!es, Coriariales.
3. Canellineae
Orders: Canellales.
4. Hamamelidineae
Orders: Hamamelidales (incl. Balsamifluae [i. e. Liquidambar);
excl. Platanaceae),
amentif. deriv.: Myrothamnales (i. e. Myrothamnaceceae).
5. Rhoeadineae
Orders: Rhoeadales (sensu str. [Hutchinson]),
insectivorous deriv.: Sarraceniales (only Sarraceniaceae).
c) Evol. trends which attained the third evolutionary stage.
6. Cruciferineae
Orders: Capparidales (incl. Bretschneideriaceae), Cruciferales.
7. Parietaleae
Orders:
the dillenioid evol. line: Bizales (excl. Canellaceae),
Tamaricales, Passiflorales, Violales,
amentif. deriv.: Stachyurales (i. e. Stachyuraceae), La-
cistemales, Salicales.
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sympet. deriv.: Cucurbitales, Campanulcles, Asterales
(incl. Calyceraceae).
the rhoeadoid evol. line: Resedales, Loasales.
8. Saxifrago-rosineae

Orders:
evol. line Rosoideae :Cunonicles Saxifragales (incl. the
succulent deriv. Crassulaceae and the insectivorous deriv.
Cephalotaceae), Rosdles,
insectivorous deriv.: Nepenthales (i.'e. Nepenthaceae and
Droseraceae),
aquatic deriv.: Podostemonales,
sympet. deriv. “Tubiflorae”: Plantaginales, Polemoniales,
Borranginales (incl. the aquatic deriv. Callitrichaceae),
Solanales, Convolvulales (with the parasitic deriv. Cuscu-
taceae), Personales (with the aquatic deriv. Lentibula-
riaceae and the parasitic deriv. Orobanchaceae), Lamiales,
evol. line Papilionoideae: Leguminosales.
9. Columnifero-tricocceae
Orders: Tiliales, Malvales, Euphorbiales.
10. Guttifero-myrtineae
Orders: Theales, Gutliferales, Myrtales, Lythrales (mcl Pu-
nicaceae),
aquatic deriv.: Hydrocaryales (Trappaceae), Haloragales
(Haloragaceae and Gunneraceae), Hippuridales (Hippuri-
daceae),
parasitic deriv.: Cynomoriales.
11. Umbelliferocelastrineae

Orders: ,
evol. line Umbellifloroideae: Umbelliflorales (incl. Nyssaceae
and Alangiaceae),
amentif. deriv.: Garryales.
evol. line Celastro-sepindoideae: Celastrales, Pandales, Sa-
pindales (incl. Didiereaceae), Polygalales, -
amentif. deriv.: Juglandales, Julianales, Leitneriales,
sympet. deriv.: Ligustrales, Loganicles (i. e. Loganiales
5 s. str., Apocynales and Gentianales), Rubiales.
d) Old sympetalous derivatives of rather problematic relationship

1. Sapoto-primulineae
Orders:
convergent evol. lines exhibiting relatzons to the evol. trend
Guttifero-myrtineae: Ebenales,
convergent evol. lines exhibiting relations to the evol. trend
Umbellifero-celastrineae: Styracales, Myrsinales, Primu-
lales.
2. Thymelaeo-proteineae
Orders:
convergent evol. lines exhibiting relations to the evol. trend
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Columnifero-tricocceae: Thymelaeales (only the fam. Thy-
. melaeaceae),
convergent evol. lines exhibiting relations to the evol. trend
Guttifero-myrtineae: Elaeagnales, Proteales, Olacales,
parasitic deriv.: Santalales, Balanophorales.

II. Monocotyledones.

1. Helobieae
Orders: Helobiales (event. a larger number of narrower defined
orders).
2. Lilioagavoideae ;
Orders: Triuridales, Liliales, Cyperales, Orchidales, Poales (or Glumi-
florales), Zingiberales, Agavales, Xanthorhoeales, Smilacales.
3. Palmo-synantheae
Orders: Palmales (or Arecales), Cyclanthales.
4. Pandanoideae )
Orders: Pandanales.
5. Spathifloreae
Orders: Arales, :
aquatic deriv. (not yet safely proved): Lemnales.

. 6. Dioscoreoidece
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