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EROBEATRHER

(hEH2REERB RS YRR 210008)

A2 R B

REASN. FME—UAZFEA THEYRTEEVANEZERAARGTHEVEN—IEER
1%, RA RA XA A AL A NWER ERFETHEYNAER, EVERR. MR BENR
ZRERFo HTHRVAZVFRE-MHNAZERENTE, 5 LHEURTROBERIS
RNR/ETHEDFPHEATERONE.ARFFERELTEIEYHMRIERE. Al BTH
HUROFEUEMELERATEREAKRER. AN HEYERNIERETILAET R NE
BB WETERREANTIER.

X@ih HYtAa BRER BEAEDNEDF

Hil El

MEEREARRE, HEPERERBAHETHS%EM., EA L H G. K. Sternberg
(1820—1828) F1 A. Brongniart (1828—1838) [ F—#t4d =+ —=+ERANEIX 823
EAAS BRI EMGLNT S, FEEMMAHETEEELSNELR, EEBEANRESE
BB AN T EY R R E B ARE REREAEYZER (biological), BB
AR5 (Banks, 1987; Andrew, 1961; Knoll and Rothwell, 1981), ZE3K
FX—HN, B VAR e iR A —f G E D& ST ZARB A , DLE MK F Rt
BHREMANERE, EXNEMZ LA THERTRBETTEDN D RAE., EHNE
YW R AR E  AEREHLEERAE, ERFETHEHYZRBEEMEMNEEN
SHUMAELEEIHRIBRAREENES (Taylor and Stubblefield, 1986),

BTEERK, S HEDETEREAMAHNEEURETEYHRDERRRENREZ—
(Knoll and Rothwell, 1981), F7E_E— 45 HfA it EYHRA HEYFEREITX T E
By 23R, (BIBT B TE X BRI B — R ER R ERR AR (I ER AR R 2T B
XA W AREA BRMER IR EEERN. WRIR TEERKRE LEBIMN, B
BB T OREMREBERAERE N G TREREZELAMHNARERTRENERER
LI4h(4n Kidston and Lang, 1921 % Rhynia, Horneophyton ZHHHIL), RIIHIFI T AR%E,
RITER ZER BhFBEIN— R BATR AN EE M ERE B EERMLTH, R
BT R EE - EEIN SO BREETEEN BT 8, RBK(Psilophyton princeps
Dawson, 1888 If, Hirmer, 1927) ZNER B AEREDE R b HF & M1 KA (Banks,
Leclercq and Hueber, 1975), iL4ERH Rk a7 RN BREENA R B HHES —
HHRTECERARE FERTRAREREAREERENYE, HECEHRRET —%
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ERSFENT ERNRAZENPREF (Rothwell, 1985; Chaloner, 1986 %), #ERE X
HEOMREERENTERBITROGRL, 1966; FE%E, 1986; ZEKZ, 1982; Zhang
and Mo, 1981; Wang and Wang, 1982; Zhou, 1983a, b, 1987; Zhou and Zhang, 1989a;

Li and Hsi, 1987 %), AR TEDEENANERNWE RABFE—LHEBE.

HHEWPRHE A e R MRS B R T oy 2

EHEYBREHTNERDTEENEXFREEM N A2, BRRZEEEILTERF
AAITRLFOBRRE, MERE L EERR EAZEFE R mREEYHERZEERE X
FHEEFHPNEERERZ . EMASER WA, BURNIUNEEENZ—ETE
TS o B R RAENREFNAETRN, EAARE Ry amk:. FiRER
MR TR CABRTMEE RN RFEROUERER), MEKERIWREL—HRE. RES
RERAZERENZERHRBR K. 522/ DHERKNREMINEEREH AR WA K
ABEHREERN, TTRREEH(RETRRESREM)E EESHKRZ Lo BA, EHEMDE,
EAREENESETR RS, EEZTRERENME (Taylor and Stubblefield, 1986), T
ESBREVEESTRTAMHEYANEERTHEER. ETHHE LORMEFNL,
MALA, BEATRE BRERBEERITREN LA URNMERE T 8. BEUN—%ET
FEERKE R HH A AR RSN EFOARENY P RAEEN s BT AZBELN, &
ML EEY S MR Z AR ERANREEETEY & HE 29 K (correlation) th £
AR MUARATHELHWETHEEEF RN ERERN D (AREEREE X,
BRBRIRA DS BRSO As o BB i KRR G 33N T A E Y E E A — A
AGBENEREEY, R AR AREN T RAEEN(EET E2ARRNEDD ZH
KA LR B (homoplasy) Bl R, N LM E & BB, EMEARAETIR
I IEEAR—, 2RHFHYE (heterobathmy), BIREF ALK, MEL RN S RETZ
J A BB A MR OB 3 46 (mosaic distribution)o JLSh, MR 2PN 2 A iEtt
HHPEN, K%, FHXEHEMTRENE R R HEh R B RE MU &
X AR AR R AR A TR0 1E, SRR REBARARTREE - TS T RRE T
B RRER. RUPE, FREEDEIEBEZANKRAEEERB L BlEl: &
YT ERNERR T EEK MR T ESER HARMBEAERESEDIEF
TEREEUIN,E B E R HZERR R ER X ERFARRE,

RO R A 5 B R R RS S M R R oe i DU BRI A, 1R T A iRkais
RENEEBESEERNER. AR TEEIMEETEOAEREHRIFRRE ., SEmk
B R, BN ER T AN R R EREEROE TN AAZHBLERE. RFH
WA BEERBRENHENE. S EIEBMEERHIT M52 RFER TR X 8 (Krassiloy,
1976)c BN, LURG AR B0 iG A£ TT 4 Hesh WOAREL , J5 & B 7E AT ARIX, T3 A R B U fo o
BB ER . B ingetirr T RIS, FIRRIMEE Nl Esa G £, )

* SR EENFNESNEROBT SRR, EEHEBLEZGESFERARARENEIKERR TR
FIHE RN

** 47 Gortlieb(1984), AMEY B ENERBEE T L ARRRS FEE MNKARSZEK T Rothwell (1587)
WHENESBRAUZ S BRNRSNBEEINEK,
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AR, B SR e AT T B R T R ERE T

EEANFENZE: BEYWELERRESRARERNFEYE (heterogeneity) HEH X T3h
Wik, B—EDA(A—RARADSE T UL REANBR, HE, E4 (compressed)
FBH 4t (permineralized) EL MR A, XFREMBRETRERSHEREBLL
FETH AL IREEDESBHRET ZENRA TR T ELSOEE, HAEERE L EE
RERFAREER. B THEDMENAZEENECEEZNE XEE, E54 1 EHEDHR
b RERT N HE L —t4 Brongniart (1828—1838) FAlBK., o BARH LD
BB B LA B, RIS AR R A B T SRS A TRAMBE (Cleal, 19865
Chaloner, 1986), XFHBEHBENRNGE, BERNMERKETEDNEDELRR (whole
plant biology) (Rothwell, 1985; Knoll and Rothwell, 1981) ReetEH HEERER, (B 3fdE
ZETEME. Bk, FEHMALRRAAEAECEFNERNDPERICRXEZTENHEY
RH, URBEMHEERGNETERMANSERF H. BN XESIHNEERERTH
HNE&GTRETRN, EMNAGEBEREFRRNARNNENE S EEl EER G ERE
IR AR RO . BIb, BN REEME D R PAE SN ETRE , RERREE, &
RELZVPAARE LREER XXEEDOMR, TEMEENRE. MIBESOIBRST
KA R (form genera), 25 B )& (organ genera), X (turma) RN PI4 2, B
Potonie (1956—1960) %f7aky, hEGHAEME ¥ (1974), Gothan 1 Weyland (1954) Fn
Remy % (1959) SERAIM, Kriusel (1949) & % A #f DL K Meiten (1965) T Roselt %5
(1969) M ABHARBENIRE T, BRBEAZRNGIREED SR BURESRES
HEMIEE. XEARIEATRBABRENR F RN TS, AFEARA—NRBI 8
B M-SR R #E4T R, i1 Wodehouse (1935), Chaloner (1967), Doyle f1 Hickey (1976),
Hickey #1 Doyle (1977) 1 Meyen (1984) %5, Chaloner i EWLRERAELN 74 B
FEEMRSHERIET &, RAANBFBAEENRE SN B RF s
TR, ERBFMEHEERBL 200 pm WRFHA,EE T -BAVUAXBTFUERER. X
IO B SR E BN A S YR RN #E—2 B #24to Hickey F1 Doyle i 7L
MRS ART RaEH BHR FED AN EL TIERREE NN, R, iPHER
REEAZNVLEEFESERE, BMRFNSBRESANERNECRERARRIER K
%%, RppRUtEUERNER. RIBEXEEEREFET4EERESE SR
BN R. ERXEHAFEAPNEAHAEEMHNAGABELIEMNEZREW R ERER
THE B, HHEYT s BB H TS FRIEFARMNRESHRFNEEMREHE S
WHIERE: . BEAALDR AMIEIERBEAMCAIEREIDAR KK BRI
ARt R A R ERRR TR (Prrys), B—8(ImEAR Callixylon) MEEARRHEE
T Y (Beck, 1960; Long, 1963),

HE RN T

ATHHEEYRTREARTOMER, BELARBRMABNERENG. BRTEY
AR USD , — BRI ESR / EVRE R A BB REN Bh T HEN R H R T T RIEE R
AR RAR BT IR, B AR 8 B B S 10, DU R I TR R B o B RSB 4 B R AL o
R, A AEREENCORELR, AN EH HANT VAR G ERG A KRR D
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HELUREHM I RIAMA R DR, B ERETERCARERFOFREN, B
B e HIIRBIIE R 558 H SIS E B T IR A AR A B S B e R BT R BT
BEREFRENARARELNA BB REREHRNRA, BT UEERBLEEN
FRBEREIBPNELERNREAES, ETHRANEE, MRTL %, BT,k
FAHITABREERAFE HEWFERAREN—NERFE, HAE T EROREBME RN
B DUEE G H AR AR R RANR B RRRY:, MEATfELS BB R E XBEHEER
HBRARNRERTNLBIETNERERE,

BTEEOHHLE , YATENRAETINTER, UBBEREET S XETFERE
FAAARBTEZN, BAREMEE (degagement) (LLFIM HEMEER Leclercq, S. BRH) #
SRE—ETRATNIE A AT RAERE.

Xt et B EIGHM BT R A U T FRE R T B RA EENIERE:

L BEENENFBEWEEESE (organic connection), BINIRTFH X LIAR FH
AE(n Wang and Wang, 1982; &3k, 1982; Beck, 1960),

2. BB EREEMY (n situ) BRFART BN Zhou, 1987),

. AEBELERARE, BAEEME,BE(E: o BEBE L%, b. ARERITES
H, 8t c. &7 Y& (MEEHRNEBERFRANLZANERR>BBELFTZHN—2E) (n
.Zhou, 1983a), ' '

4 AHBESIREEAREANE —IRPRE—FBRRRG, Beig—cnE
AMELTEN %Y, REEHAERN LS F(nEHE, 1986),

5. AHSBEHFARE:

a. LA EEILFIRAE (recurrent association) (41 Zhou and Zhang, 1989b), b.
REA MR RRE,

B THITE 3 MIE0A0 B REREM T A ENIERDSN, BRMBHITRENESE
EAFARE FAEEREN (Rothwell, 1985), BLHHEMA R BE—CBE LR AR E R
HEN FERRAOIERERE B BMIRRWEXNHEBIENIRE: AMSREUIEREREREY
AR BHE Mo ‘

EHEDEAHERERD, RIJUAZEHRILBEEAZ (comparative morphology)
HREE Ho AEN TRAKGHNMAADILEEDESEMLERERERBENER, Rt
FEREHIEEMEL, BREAZERNRATEHENSZNNE AOHEDORIADIERZ
FRERESENARAFEZES 2 HEN, .

HEMEAFANERNAER TRE S BT ANBREAN, BEETH MR T . ER
FMFNAERERE (Full range) BFER, YUMXHENTEHREESRANARS S
MEM. BXR, B FEEN. . WEAEME, ANMIRKREREERTRERNBE N,
FRERERRTHE, (EEE THREEHARERNERMEE (Cleal, 1986 %),
X HERAIRKEE B T YR/ HEE (microevolution), X4, M TFHEYNS
TFROVER A KAESNULR MR, TEENAREDRERRZMEFSEH RN
K.

HEYEAHAMERNER LERFFEARTF HENFHE. EERAkALHNHE
WEURZEANRAAE ARG B8 & EE A %l & DR e+ B R
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HN LSRG XA (Taylor, 1981; M-8, 1980; K%K, 1987 F), HEMERD
BRI R U EARERZEZHEE, MEEEXNERLEE SEWE S
BRERNERBEERENZENER. FHLRFERAERETNARERE—FEHNE
B TTiko e (Zhou, 1983a, b) ¥ ALIFAE MR A BARENH FIRR(BIRTE)H
WA, BN AR AR T MR E LB PRI REE.

B ERAE X

B ERTEN THEMFHRREERUGRONE, TR, SHEDERR
FENERRANFE—AREHFE T AESERNKARNS TEDEABLIEESNT
AR At EHEYY P RERBIMERS AN BB BB — M F BRI T HEY R
AR GRS AFIIPIE (Oliver and Scott, 1904; Beck, 1960), 7ERFKIELLIAT, 1 th A
MEREREHNEDEREEMT, TRERERFBOEDIHUAETFEE. XERRH
ET AR ETHAEDAIRAEER S HAOERIAR, B8R THEE BN ELHE
i, EEENEFEUERRNENELE(RERD . EEEM R FN— SR AR SRIRE
BB EMER,

TREER, NEEIEERAIHESERTRESEHYNSRENARARER A LEEE
EHINE Lo XM A MM RR R TEOH RO AT ERUR S FEASHTREEE
FREBEROMHHEE, ZFHRERIRSENESHLERNTED DL LWEILM
AHEYH, ERARNTESSMNEAAZERARBNTIERNAZLENME LR, ©RA
FEX—E Mz b, TEUEAE TENEMORAERZREVIEH— DN ANRR. FA5
HRGE (ERIFHERE) BAFANAEMERBRAAERENIENALL BT EOHMN
LB R ELE T AR E B AR Lo 82 IER 4 B R B R 1HAY (ple-
isiomorphic), R RITHHICRATAER) (apomorphic) (ABIE.IKIRSZ. T/KE, 1983;
A&, 1989), ARERARE LN HESENAZRLET LAABXERN T b 45
RN, SRR IAKEE (Czakanowskiales) RINTILEUS 2L RELE — MRIF IO B
e XBAARAMARCE —EEEGE (Heer, 1876), BHEREE —— (Czekano-
wskia) FMEYEAETEBE (Leprosrobus) Z AR AR TR R ARBRLRRE R
REABEN (Harris, 1935, 1951), BTHBAARPES XWHFHEEEERZ L, K
BLCREBIIABE LR (HE4 A ARAXHIRNSEE) (AT, TR XS,
1963), A HBHAMERMBENERZ . EHBEEEERFNESREXFHR LK. B
HBRBRH AR BB AR 23 DI ERAZ LR B EERRICHT B A B3
FEREEZ N, FMRARKALE 84 XMPERRNEEZEHANIE, RREIARE
FHEBONOETE. RIBEFETR (Krassilov, 1977; W] Taylor, 1981), Xd:7E &5
BRI ILEAE R LR M (stigmatic flange), PREARFERMRERTFED K
BAM. Wik, ANAER AT Y (proangiosperm) H—Ro HUSXARFENTS
HIER AT, HEREGRASETEYRNNERSSHREBERANIEER, REXE
PR b RAERE R R BLERHRERNREREXRRNER; MEHSEN—EK
TENA BRAT RO 88 R B ARRTER automorphic), WEMBALDIT, BN
FHRYX—EFT ZHORRPFUR, TR TENARL T EA¥E.
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HTREMANERGIRREHTRESENESTREERER, SRA4EHEED
BREBEOEBBET T, F& (Zhou, 1983b) WEHEHNEREEHFEHH (hete-
rophylly) HBFRREB TX—HHN. MEMNKEGEUTIDRRAESSTIARESR
%, BERX—-EHYHHHEZRBOK LEHEES 3 HARNEERE (REERENEME
o BERABHBOTERER K, AXXIENMEBTNANRERTEEENESRERRERT
RARFEPBBRENE, WREFM Y (heterochrony) (Rothwell, 1987) HFE, ZL A L4
ESGER(EE Hlustk 5 HARXAOBTHRDER TREEH 2R AMH 0L X— Bk (B
ER HIE3, 1977; Hlustik, 1987) #24tF LT,

BELER, SEHYBAMRMERBOAEREE OBRENRABRRT EMN, REEY
EUMENAREREL R ZSSERBENERYE, RaSHEA—MEYHRARRRRERDR
ARER B, EERERALRENGE R, HEH, BRRART T H T RERPTHEMAE
BRAOAERBNEDSEERENEMGEEIENE— M. EhEYFEh, sERas—
HE— M4 ARRORE, FEEHEZHENENCAEEERT R ED(RARER
BAER , ARV AR, (ERAREBRWANX 5 RERE—SEHROED £E-
AESMRE L, DREFRMHAHNOMA: AR EEYERMESE lumper) ETRMERH
5y, B—E (A H splitter) NRFFRET AT, INAXRHETTUBRAECEEES
WML, Fim EFRMS” (Amold, 1949; Halle, 1927; HifT e, 1956), I Y
ZMNEXERANGEEYSZ ENELER, MAHWETANNG—RFLREN", BB
EHEFFETIREEEYEIBEETRNEAHBEENNUR SEYBRENE RIFE,
BRRERAMKEB RN L, LR, NBE LRFXR M RIPNERIES. R,
REAFENRREE S T HEYNERHEEH AT IERBOEL ALERN,. AANERE
BREGZBIAMSRATHER (inflation of taxa),

EERTSERENEEYFRENERINELSEFENAIR, MASHEESEY
ZHEHRER. B REZOROREARBEEOBERIUHENEEDEEXRREAR
A, B—FERRLELENS (Grauvogel-Stamm, 1978, T Aethophyllum B9, 424
DR R VRHER TR URES HEONE TS ERNARLN, Bk Ei12%H 5
BRAGE (Harris, 1976; Zhou, 1987); HRiBME. ML B T B A AR BT LLST
WEEHEAYFHENTR, R ST AR REHE R hig e U R 2R iLslr ks
=

NTEENRENMAEREFETHYEAFERNSENER. RRELORER,
EUERS BRER P EREESMB B KT MR, SN SR RERE (Srig-
maria) DIERFERMMARAE LB E XL EANRGE, EERTILEN—MRERIEIN
ERET &R (stilt roots), HEH B RHFARSAARNEA+ERPEXFEOE A,
BEOHEEREHRBNERERIARLMA (mangrove) MW I A K AERBERER
(Cridland, 1964; Stewart, 1983),

& W&

MZB, AR EMRARTNEEYEEAMARNER ARSI EY. REEANT

M MHARE R ERUEN EEYARHTERNER, KIHEEEAREE i
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MEMWESA LEFAR RITNE, FEEREFBELNEIAMNBIRBRHFA—EBE—TM
LIRS BB T BB, BEE R R TIEYIE L —FPT L E AR (a shift in
investigation emphasis) PEER, EHEYARPIMEBEETIHNEREHE, HEH
JRD S B S R VA — B SR RERY L AE M2 B EOSLR (entire biological eatites) TiARRZZR
ALAY AR R BOERAE O SR e — R iR: B HERM A ELAME, RAEGRFER
FEXAXRFFEHNRAMECIINERER, TEV AR TERERS SR ES. RERT
MEBCEMFEHERNEE. AR, XENMRETEER AT XRFEN, AL HZEHER.
SEABNRRREBE T ENFENAELEROE—®R, BRESHEDERDRAER
RBEFERIFANBAR. AR, BRARKTHEEHR L —Hi4 95K & 5 & (n Martius,
1825) PHACARLDTEIENMWAZE, L2 F XN RBEMIIZER, BRBEARZER
A REFRRNAREREHNFRUREERE RN ERHIERTEN H (L&KL,
1987)c ZTRBATZEM BRI IF S HIENS KRBT E. &, EEHR08E
R LISE 2 o BN EY 2% Z AR B FT A2 T ASE B3 b 58 A B R X R
EDEZW _E A PAR L RIA R LR T R R R 0 R B M ARZHR, BIE R N T B R
EALREZBNERMEFE.

HEOBAMAT AT R RREEDHH AT ESEHARERN®EZ XF¥AR B8R
MAZHELALTEYENERED T AL IR, BRELALFELESHIR. RE—%
RERGERMBERE ER AW AR ERES, XTENTRBEE TR ENEEYERNR
REGFEE X AERE EFT G, RATERETFENERBENERRENTEBRXHT
BAMANERBRMRR LT ENEAMEEFL. LEER, AMIFIARBRENSREL
AEZERTHEYERTERE T AVRE, BRTERREBIAROEEUREXL EED
MR BRAERNRNAZERDFRES LRpEENER SRERMRANERFETEY
BRI, BRI TEYERERN RN BT R R FNEE,

RERERIE, BEREZE, BWECARERF, MARERZERELFENEEDIX
Ao HEYMBHNZRENFEREEH]F LERVETSZRHN, XEREHHEY Tk
FALEDFELERRBRAY M. FERFESEERNINEEDILERERBrhask
BEHEIREREMHERNTEDER,

g F X &

R B AU R TR BT B R BT 1974 REmAREY, 227 B, BEdiRit.
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WHOLE-PLANT STUDIES AND RECONSTRUCTIONS IN
PALAEOBOTANY
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Summary

It has become a primary goal of modern pajacobotany to study and reconstruct fossil plants in
full so far as sufficient evidence is available, because a better understanding of palacoecology, bio-
logy, development and phylogenetic relationships of fossil plants is possible only when they are more
completely known. In so doing, the biggest obstacle to overcome is the fragmentary character of the
material, Although incompleteness is a common deficiency for almost all fossil groups, the complex
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life history, the short duration of attachment 10 the mother plant of reproductive organs (also
Jeaves or branches of deciduous plants) and the open, often indeterminate and modular growth archi-
tecture of plants cause the situation much worse than it is in most animal groups (Knoll and
Rothwell, 1981). The difficulties in restoring whole plants also lie in the fact that the correlation
among organs is always less pronounced in plants than in animals, especially vertebrates. It is even
more difficult to reconstruct a fossil plant when is disintegrated portions (or organs) were trans-
ported to and deposited in various areas and preserved in different ways. For these reasons, the
organ-phenetic classification of fossil plants initiated in the last century still plays an unreplaceable
role in recording the fragmentary discoveries. Practically, it is useful in ecological and biostratigra-
phical studies. Some palaeobotanists even make an attempt at exploring the potential evolutionary
or phylogenetic implication of the isolated organs, particularly the reproductive organs. including the
important works of Chaloner (1967), Hickey and Doyle (1977) and Meyen (1984). The disadvan-
tage is, however, obivious as heterobathmy is so common that it is usually impossible to envisage
the whole-plant based on the limited information obtained from isolated organs.

In order to study and reconstruct fossil plants in part or in full, it is necessary to obtain an
abundant material by mass collecting. Most 1deal are plant fossils preserved im situ or those which
have suffered little transportation. The highly valuable specimens are those which bear intact
ovules, spores or pollen, or two or more organs in organic connection. Palaeobotanists also rtake
morphological consistency, and similarity in cuticuiar structure of the associated isolated organs as
the important evidence. The discovery of pollen grains in the micropyle or pollen chamber of gym-
nospermous ovules usually provides a sound basis for linking the pollen-bearing organs with the ovule-
bearing ones (Zhou, 1983a). The recurrent occurrence of the same organ-assemblage or of different
organs in the same plant assemblage in different localities may be regarded as evidence in a lower
degree of certainty.

Besides the organic reassembling of the whole fossil plants, palaeobotanists also aim at uncover-
ing the full range of their variation. According to the principle of heterochrony (Rothwell, 1987),
such variation may be served for phylogenetic interpretation of fossil plants. Futhermore, a [ull
understanding of the morphological variation would possibly prevent specific (or generic) determina-
tion of fragmentary specimens from uncertainty and incorrectness in a greater degree and would
materially lessen the unnecessary inflation of taxa.

There is no doubt that a more completely known fossil plant would contribute much to our
knowledge of classification and phylogeny of plants. Both the dramatic discoveries of pteridosperins
and progymnosperms are well-known examples. It is obvious that such fossil plants would also
provide the basis for biological and ecological interpretation. In this sense, they may be considered
as more or less entire biological entities rather than simple assemblages of isolated plant debris.

It is expected that major progress in palacobotany will be made in China as more and more

whole fossil plants are studied and reconstructed.



