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EZER, HEWENEZRRLEH
S AL EERENBORR T ATt BEE
%4 EALFaky (pollen and spore in sitw) HH:
EREWHR, ERRTFLEKRAEGTEHTEH
YEAIC Smmd i f R AL S BT TR S5
B, BREEFNATENGE HERSEYXRE
B FAEESERRCUBE T EMNWERE
WX AR, HEATEYERETFINE
H, MK PIER B HEERRERE (Vojno-
vskiales) FLONE T BR A} (Cardiolepidiaceae) Y
Bv%, HBUEETFHEYT] (Progymnospe-
ropsida)  HYEE Y RESRAE R T e LR
THEERROBHNEXRNEESZETLAR
TeFFro EAFMH, HEE AR 2B T,
LT REEF (rcprodugtive biology) HIA
F, — i e sy AT XA CHE R
K" (cellular level) HISIHE, REETHA
BEHEEBRENEMEBAIENME LB AR
- 753X, (Smoot and Taylor, 1985), Ak, MRS
HAEEBERNR AFAZERESEDFEA
R ERTIINEERRZ —H

AKX FREI BRI —FMEE AL
BN B I PR o RREYRAETEREIR
HZBEM, TERTAERANAZLEDN
Cycadeoidea, Williamsonia, Williamsoniclla, Wi-
elandiella WAFh AR BAFASRENMZ % BB
Androstrobus, Beania, Leptocycas F |\ TFEBA
HEDEBBOBRN T B R

RAGHEMOEEBEEALEZNRIA, W
b B = 8B #  Spermopteris (Cridland and
Morris, 1960), Phasmatocycas (Mamay, 1976),
Archaceocycas (Mémay, 1976) %, RBRESFIb#
IR E RIS T BRI R T 3 (Me-
yen, 1984), FR_SMMEFELHI & %
S HE B A, BRLELERKER
KA T —EFRFEY: RS REIENS
KHR, N Procycas, 1 Cladotaeniopteris (Zhang
Shan-zhen and Mo Zhuang-guan, 1981; k=
BULRART, 1985); BRARKRNE MR AM
T, a1 Primocycas (SR% M~ FLWEE4, 1981),
AX X — M RS . Ak,
SHAIE T AR IR DN R E B L N EY
Al 5o

AN A B EMESRE, ZHEARWKE, X4
PIAEMEIRE; HAGRENAERESER R
Ko TEERIMATRLHEIRTRE K R
H, R RRD, RERTHRARRS%E, mEE
B3] Androstrobus (Thomas and Harris,
1960) F1 Williamsoniella lignieri (Harris, 1974);
W= Bl Leptocyeas fOER THHET B 1R
B (Delevoryas, 1982), IR ArfERYIER-H. £
EEMNHERAEEDEESZER, LF2E
MEMEER B S INE B =8 Lasiostro-
bus V] BEJE TR SRR M RO IEER B, JE SR X IR ARk
BF7% (Taylor and Millay, 1977) ZKBHE T &4
RETFREDN—2RES T, SRHENER
REE—EWRFR. Hlt, EHERBRAHER
kR Y A T B B I AT R IC o

1
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1984 ££%k, £ T ILTEMIMER DA T
BHTEAFBARREMNT, RE—HREAE
#HY (autochthonous burial) Taeniopieris taiyua-
nensis W, FEIMHBARTS — KO ¥ 1O TR kA 40
PEER R IR, OV AERE R
HO TR B D IR o

EREET—ERES 2m, K4 500m B
REFRRAVEBRED, CEEEAE;E
MEHEERE B4 1—2em BE—RERE, WE
IR B R B A RIS B
WKFPREAMTHLEQARS, EHAEE
WiEe HhAbh, FEIEE BRI RO B
(allochthonous b.) #) Yuania, Discinites, Norinia
% TILHWNESHEZEFRT E4RMERY
Ullmannia bronnii Goepp., Pseudovoltzia licheana
(Geinitz) Florin H] Callipteris martinsii (Kurtze)
Zeiller HPURRHE B HERETIRMEE D To

KT A TERETHMAFEENR ARG E
W (R, ghkar, 1978), (HIERMEFIY
(B %, 19805 xIMm%E, 1984), L3k
Eéﬂé%ﬂ%fﬂﬂﬁiﬁﬁiﬁﬁﬁﬁﬂﬁlﬁﬂ%

o

BN | A %)

ﬁ%?ﬂ Cycadopsida
#4% B Cycadales |
MR (FHB) Liulinia gen. nov,

WX Linlinia lacinulata gen. et sp. nov.

BIE AR, MR, RWAEW,
i 10—15 BUNETHEREHES I K. /INRT
MBI AR R B IRR B, TEBE 3 1 1T Ao /1N
AT HTAhE N ETRE L8, SRpRg
¥, 75 Monosulcites T3 BAEMEL B

AWML LIPS,

FAENHR(HR . HM) Liulinia

lacinulata gen. et sp. nov.

(ERRL & 1—7; BRI, & 1-11)

FERE Lacinulata, 7 TERBAMK
B5o

BIE MR, MY, HR430mm,
=Y 40mm; FEIMEKN, KL 2.5mm,
10—15 BUNETFHERIEHES TR, /Nl F RE
WEF, KE mm, EELLY 12mm; FEE
HERMFE R, BREIR; BHURETRERK,
R REEATEGREE, BRaREE
% MNETH T RMEWRRE. EhEsy
BT /NRTHEATE T AL, Fratinhs
W, Al 5 49 BiE B Monosulcites minimus
Cooks. [L#o T RE, Y. WHIERME,
PRI R R (ER IO, B 6); REREAE BRIk
T , IR , AR R 3 s TE 3 A /NBOE 2, B
KMAEDT 30pm, HEABT 20um; JhEE
R R

A EERARFUREREL, AEFHR
B, BRI, P TREN B RESNEIEH
RNETHERR R, EaTEER/METFH
WTEMHE. BRETHASRERN KKK
W, LEEW, ANATHERRE EfE AR
REET(ERL B 1, p &), BET &R
TEMIRE. BT BALE, 6B’ R,
Bk I, B 3 R—BATHWESE s BRA
TR, HABARSPRRHE; KA
le BUR/AMEFHERERRER 1, B 1#E
/N T A0S QU 3B/ N I 2l o R T,
B 1, 3, 5 30 REBOTHTER B E 2 B 7=
R R R BRI, H AR S A B W, RTREAE ¥y
B EEN;E 6 RN B WOFRNEER;
B 10 RIEFRIERY; B 11 FIREA R K ARTE
¥y, BBl Androstrobus wonnacottii Harris,

ke TCEMpsBENERRD, PPRE
B EARIGRRIEE. HAMRFEE i
BRRAMPERIPEREKR  Androstrobus, M
BER 8 /NE-TH AR, B AT AT .
FAE, MIARER /N T8 IR, BT B0R B0 3
FIRETEH o PRBU BRI, =
SRR, RE A RITRPIREES, XA
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B8 1 Liulinia lacinulata gen. et sp. nov. H & (Reconstruction),

a. BRE (Male cone), X1;

be INEFHFTEEZE (microsporophyll

with pollen sacs), X1; c. NEFHREHF (lacinula in detail), X2,

S EH PR R/ NRT 2 /DRI, [BRA
Wk BRILR B AT N EE T PRS BN
AL, MR RE. XBEHE MR
DA BERRBETILR BB LM MM
RESREMIERNRERRENRTHERRE
HEBENEET mRERESET/NRTH
RLHmE, BRREN S ELMEAETHRFH L
TR 72 BRI B AR A s ) 2, M A A
THREHZHE b, THERERTHIKITHE
HTAAR, EHESERGEF/NETHT
RIETHHERES o B EH HIM AR
B TR IA 2k BIRE, Am & A4 5 o

AR TRk BRI BIOEALIE S — R R
BER, 5984 (dispersed pollen) Mono-
sulcites minimus Cooks. FA{Yl (Couper, 1958),
JG B4 & B (Thomas and Harris, 1960;
Harris, 1974) #ORANREKEDN LB FR
B, MRS L — BN Bk
fl, RE—ENRERETR25EK
KX B TE B F1 9 B AL 8y Exesipollenites L8 o H
RIS, RE LA ek, AR B RE
W, EHOTEEEKT LN Androstrobus won-
nacottii Harris gYEAr L% (Thomas and Har-
ris, 1960, Pl 2, fig. 14), EEEEHELL
VAN IR BRREALER B SMEE S, thfn

Harris

B R Ao

2 EFTR, EERHMRIIA TG Ho

FRHES WEMMREESEANE; AT
e T BRI 2 I 4H P Bro

= W B

HAFENRH—ITRER LK
MRS - BLR RN PR ITF SN R Ro
¥Rk (Primocycas) RRF AR TSR (1981)
BLEATORETHRNSRERRBTHEE, A
BE S — M BB £ R A RO B bR
T FIMR/NETHRIG I AR AT H
BEAY SR LR EGER, WlESE R
TSP OB &R 5> A BhE AR ZEED s AUk
hR g S OREMMNRA R, RAZD
2R MR A PR N AR A B
MERTFHNG L, RER, R BHFTEMmEA
HEKRFTHKR, BEY, RAKBTL L.
TH L. H4h, IF EEERRMARR A
TR B, R UR A HERL %, UE
HERE AR ET I, KPS R

- RS

Sk (T R R TR R R
Bo MIMERS Taeniopteris taiyuanensis FJJRAL
HEEnEELE, BRIUTUEBNGEEZEN
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B&EEY; B —NMEBXNEAEZRE Norinia
sp- (KR, B8, 9); WINB A Yuania R
miaF gk bA BN ILELSE, R
BHMEARFA KEMERVIEH  Taeniopterss
multinervis O] BER SR TR BRHOE SR, fE ok (1982)
XRHY Yuania N EHEEEY. Mt HE
FMEEFTANURM AN E, Yaonia Zp%H
A Noeggerathiales H (P E S AR E Y, 1974),
KR % (1982, 3 1) EBRIE Yuania FIK
FEIHTHIA “RERM” FPEE B AR 1E,
WHBEAFREDN. L LR gFHEIR
1, & 3 BT /Ry “ RPRM " w] 8E 2/ N B 2 5 RO
RS, m/MSETE R EESHNEIERD
KINT Nocggerathia 1Fidc L (Setlik, 1956)
Discinites A 0JBER: Yuania WHETERE.

B LRB PRI R NRTH RS
i ok 2 B AR B F AR IE B Taeniopreris-Yuania-Dis-
cimites FLAEA A G, BRI MR EER No-
rinia SP- PERSL, EFINA XN RAEF S E A ik
BT# &L KRN IRGHETN, s
FAR Bk K 70 - el i i 7 ke T A R SR D0 AR SR o
. XEABENRHERFGKBERNIIHE
(Norinia) X FRo LRAEMSELIRTE
B, B R UG R FK M (1982) X7
BRTERIT ER, D B2 (B F) #E5
Boh, FEFH AP AR HH & A RN E
X o #HINFY%BELEBERKREENKAET
R OB R, RS PERFIE; Halle pOAH B Y
WA LT MEBRRE, ERSEMESRHR
AR IE AR R AR A 4 % (1981) % Halle 97
HERAR -, P ABRBEENS—F
i, TXRE TR T0 AR OE B bR AR T B ST — /N B MR
LB RE  Primocycas muscariformis, R4
o MRFHEHEAMFEE, B2 RFMT
HAEMREMLATETE. Bt P. musca
riformis fhZ ERFER  ERFREAR & 19 5
E, HEREREAR—RFHORAZET
LA ATRIIR SR A XA Fh
Frézie— A (RFm%, 1981, A D E, #

Discinites,

P. muscariformis,

REFFEIAA N L. Bk, XE—MRE%
RARPITE i X APy — 20 3 B AE , Ik
B bAUET, BEH I R AR, hihZ s
o MR, Halle RIIWFH BIrA L/ DAL
IR, B 56, 11—12, AJEEIE Spheno-
phyllum BI/NHRER, XRHFRA B HCH E
HERED —BHERTFHET. X THIR
RS L, BB H—ERNEL: BHFHTE
WARBRARIR, EREATEE AR
(Halle, 1927; KfR 56, B 7); AR ERE
MENEHRK=AE  HBNERERER:E
B RS B IR, A RO B B B
o ENMREBRWAREH: ARNEEK
W, B EW £ s B NL SRR T Dl
MERBRE L, ERHERE BIR B RRYIE
M VR, AR ZEE R, B2, iR
HEANREX M. Hik, EHEANAIEFH
Norinia {EXERH RERREFF T &
B4, BASRRERXRRTFR D ERERE
¥ Todites 5 Cladophlebis FPRE,

Bl EEHFER - FRsam L ERE
W#E K (reconstruction of whole-plant), X A[fE
ZHNREDRLMIRE, WEEBEIE
FEEE, MIMIEEFTEINT B NG, K
PURTERE SRS R AR T AR
HEElEYEAER THE; Ml Rt
AT ERERM (lower levels of
confidence, [, Rothwell, 1985) HIEEAKFK .
FEX AT AER(1983) 3 iHirE e = B AT T
MRE Stalagma 1 TIERIRERIIMO

ASCERR M HR—EEHIREEELE
W Taeniopteris taiyuanensis Mo RAFIER -
ARE M, FATHRALOD T E LHBY
el s P KR 2, DB U A58 A4 0 L /B R R
HIRBRK AR A&, AN RE S X ER1E
R Ar R AN (R M, B 2). X
RN Halle (1927) BB ARAZMEN
BEEERNEARNXMIFFEEH FEET—4
AL AP ZE E (BRI EMTIR) X
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Fe A= 1 OLE R AT BT R MM SR AN R 7R
}ﬁl‘ﬁfﬁﬁﬁﬁﬁg%%, ST LUAZ BA R RT 4
JERy— KRR R R AL A E R R IRAE
hEREE BREREEFEEEHF, RET
HEHREZ b BRSEAR SRR TF
MMRNE BRI AT o

BRI —&EEMERAS (Taylor, 1981) f1
W (Delevoryas, 1982) BN HLE=BE
fIREE Y, W Spermopteris, Phasmatocycas,
Archaeocycas TSI REWIR Ro L L,
XERBPTFHBRAF(BR)EE THRTHEL
ZWEZ D SRR GEDL R, HAaR
RIEREAAW. MENL_BLNRTTR—
IR IR, FEVF £ 7, a0 FFHATS
FA A TPHRHES s IR ER B 4 T KA FRHRES
el B RS £ T/ NE T Al f R AL T R
FIRHE S, B ILER EEE TIARS %
o 54h, Florin (1933) FTAHMKR=2
WY Bjuvia simplex 5IRE, RERZ BEIRR, B
HARWERERNMIZ AR HORBTH
ERRTH R M ERRE, BRETURRA
R — WIMR LAY, MXE A UABRAEE
— %% Primocycas (Liulinia)—Bjuvia—modern
cycas FIBEMLLR, {H3E Florin BREHEES
BEERAEL, BN EREERK. Hik,X
FENHRALER T M ERIES,.

MBERERSYRAI RN EE R
WL ECo

EESEIR

o ER B MR A YRR TSR R E AR
E¥RE/N, 1974 REEYEAS—H,hEE
EREY. BEHRt.

SREH. HEHR, 1981 RBBEFE (FEMH) Primocycas
chinensts gen. et sp. nov FERER_BHNEIRE
HE HYFW, 234,51, 401—404 o

— AWM. HE%, 1982: IEAR EAETAHEMMNR
FIRME. #B¥R, 244, 1}, 77—84 o

MR R, 1982: FEEYIIH B Yoania BFITER
HEIEH(EHH) Y. chinensis sp. nov. BT Ik
FEABYEATRE, 17, 1—6 Ho

RE VR, 1985 REL T _BLR%kLEYBIRNE
WG & — ARG ER B STNE F .
AFFRCERTEIR) > 1985, 2 1, 76—807To
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LIULINIA LACINULATA, A NEW MALE CONE OF CYCADS
FROM LATEST PERMIAN IN SHANXI

Wang Zi-qiang

(Tianjin Inssizute of Geology and Mineral Resources, Chinese Academy of Geological Sciences)

Summary

This paper reports in detail the morphology
and pollen grains of a new male cone of cycads
collected by the author in 1984 from the Lower
Shihchienfeng Group, i.e., the Sunjiagou Forma-
tion in Liulin district of Shanxi. Among the Pa-
laeozoic cycads with reproductive organs up to
now, this is the first one which has been accura-
tely designated to male sexuality, except a proble-
matical cone Lasiostrobus from the Lower Permi-
an of America which shows the nature in common
with both cycads and conifers on the basis of epi-
dermis, vascularization and especially pollen gra-
ins iz sizue and so on (Taylor and Millay, 1977).

In this locality, the cone is associated with
Taeniopreris taiyunanensis Halle in autochthcnous
burial and some remains of Norinia, Yuania, Dis-
cinres in allochthonous burial. In addition, many
fragments of Zechstein elements from W. Euro-
pe have undisputedly dated the plant-bearing beds
as the latest Permian in age, such as Ullmannia
bronnii Goepp., Psendovolizia licbeana (Geizitz)
Florin, Callipteris (Kurtze)  Zeiller,

martinsii

. etc..

Order Cycadales

Genus Linlinia gen. nov.

Diagnosis: Male cone ellipsoidal, with a short
pedicle, consisting of about 10—15 rhomboidal mi-
crosporophylls arranged spirally. Microsporo-
phyl' with a fimbriate distal edge dissected deep-
ly into many lacinules and a proximally cuculla-
te basal part which abruptly narrows towards its
pedicle. Pollen sacs containing numerous mono-
sulcate-type pollen grains, probably covering the

distal surface of the basal part of the microspo-

‘

rophyll.

Etymology: Liulin, locality of the cone by the
Yellow River in western Shanxt.

Type species: [iulinia lacinulata gen. et spa

nov.

Linlinia lacinulara gen. et sp. nov.

(Pl 1, figs. 1—7; PL 1I, figs. 1—11; Text-fig. 1y

Holotype: 8402-209; Isotype: 8402-208
Diagnosis: Male cone ellipsoidal, about 30—
40 mm, with a short pedicle about 2.5 mm thick,

_consisting of about 10—15 spirally arranged rho-

mboidal microsporophylls. Microsporophyll small,
about 15 mm X 12 mm, with a fimbriate distal edge
dissected deeply into lacinulate filaments, and a
which abruptly
Though
than the lateral in length, central filaments exten—

proximally cucullate basal part

narrows towards its pedicle. shorter
ding out of the distal edge to form a more or less:
acute apex point, and displaying a broadly pin-
nate dissection of sporophyll. Pollen grains im
siry monosulcate, comparable with Monosulcites
minimus Cookson in dispersed grains, generally
25—30 pm X 15—20 um in size, mostly boat-shap-
ed, with sulcus longer and extending for a:dista-
nce of about full length of grain. A few grains
probably immature, round or oval in shape, with
sulcus short, not extending to the apex, and exine
thick, granular in ornamentation.

Locality and horizon: Jundu area of Liulim
district in Shanxi, latest Permian Sunjiagou For:
ruation (lower part of Shihchienfeng Group).

No male cones found in both fossil and liv--
ing Cycadopsida, which may be comparable iwith:

the present ome.
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An analysis on the characteristics of the cone
such as the unisexuality, the broadly pinnate disse-
ction of sporophyll, the pollen sacs probably at-
taching to the distal surface of sporophyll, the

smaller, thick, granular exine of pollen grains /7.

situ, etc. lends a hand to the supposition that the
cone might belong to Cycadales rather than to
Cycadeoidales. Some evidences further suggest that
the male cone Liunlinia, the female organ Primocy-
cas and the leaf Tagemiopteris might belong to the
same plant of the Palaeozoic cycads in North Chi-
ma, such as the broadly pinnate dissection of the
distal part of the sporophyll, the similar associa-
tion with Yuania, Discinites and Taeniopteris, the
occurrence of Norimua, ie. the abortive megaspo-
rophyll of Primocycas erected by Zhu and Du in
1951 from the early Permian in Shanxi, etc..

In the author’s opinion, the Chinese Palaco-
zoic cycads seem to be more closely related to the
living cycads than to the fossils of America such
as Spermopreris, Phasmatocycas, Archaeocycas,
etc., and an evolutionary trend from Primocycas
(Liulinia) to living cycads through Bjuvia simplex
Florin of the late Triassic of Sweden, might be
supposedly recognized, although the fragmentary
preservation of the Swedish species does not yet

seem enough to confirm Florin’s reconstruction.

One of the interesting questions about the pre-
sent cone may be concerning the function of pol-
lination at its maturity. According to the current
idea, the fimbriate microsporophyll of the present
cone had opened and probably ripened during pre-
servation so that the pollen grains could be easi-
ly transported by wind. On the other hand, ho-
wever, numerous pollen grains, both mature and
immature, individual and massive, were still em-
bedded within the pollen sacs after the fall of the
probably mature cone. How could the phenome-
non be satisfactorily interpreted? There is increa-
sing evidence that some male cones of cycadeoids,
such as some species of Williamsonia and Willi~
amsoniella, have a high frequency of detached
cones at maturity. Consequently, it is suggested
that the pollination might take place after the cone
fell from the parent plant, probably, in response
to insect predation (Taylor, 1981). In Cycadales,
Mamay also suggested that the megasporophyll of
Phasmatocycas, a large Taeniopreris-type of leaf,
If so, the
cycad Liulinia could play the function of polli-

might play the function as an attractor.

nation in the same way. However, this still rema-
inz a problem to be solved.

R i ER
B ERIRATIE S SR ETHEEER S R B E 7=H9EFr (All specimens and slides illustrated in the

paper are deposited in Tianjin Institute of Geology and Mineral Resources of Chinese Academy of Geological

Sciences),

Ells 1 (Plate I)

1—7. Liulinia lacinulata gen. et sp. nov.
LEEBRE (male cone), X2, Holotype; REE:
8402-209; 2.H 1 Z K1 (counter part of fig. 1),
Isotype; SRAES. 8402-208; 3, 4. EMsA L/ AT
#  (microsporophylls in Holotype)s %2.5, X5;
55 6.IF 8 3 A L /N ¥ F i (microsporophylls in
Holotype), X2.5, X5; 7.E8&RAEWREBSA
{The pits from which the carbonaceous bits contai-
ning pollen grains in situ are obtained), X5,

8y 9. Norinia sp.
BIX2; RES: 8309-159, 157,

B I (Plate II)

1—11. Liulinia lacinulata gen. et sp. nov.
1, 5.9E¥5k (pollen mass), X450; 2—4.7EREfn
B HEY (pollen mass and vestige of vascular
bundles X 4505 6.7E¥y#r (pollen grains), X 4503
7, 8.3E¥y (pollen mass), K 900; 9—11.7E¥v
(pollen grains), X900; BT EWM =T EHHF X
(All from Holotype),

EHE NI (Plate I

1—3. Taeniopteris taiyuanensis Halle
1, 2.0F (leaf), 2.5RM ) (venation), X2; P&
£ 8309-87; 3.M K (leaf); RHES: 8309-83,

BREFERESFIANKERRANE, ATERTHBIKAEFER (Al the specimens in the plates are

collected from the lower part of the Shihchienfeng Group, i. e. the Sunjiagou Formation in Moshigou of

Liulin district, Shanxi)
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