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Mathematical analysis of pollen morphology IV

Natural hexahedron (Basella) and Artificial hexahedron (Zygocactus)

Jitsuro UENO*

(ZAfF 1198345 H 5 H)
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TR AT Y RAEES, YRT v EIFSEFENCIE
FFRBEMRSTEHZE (£27) Thb, —HTEHT >
=># H Myrtales 23\ £ T 53, £7-F.0FH
Centrospermae DY 2 1y v §} Aizoaceae IZif\W» &

* T 420 FRRETIWES 189
* Sena 189, Shizuoka-shi, 420 JAPAN



12 Japanese Journal of Palynology Vol. 29 No. 1 1983

Ueno : Mathematical analysis IV

bEZONDHE 1K EE 2 KTIEALR X2 (1975)
WHE->T, 7r=vrEDZR BV,

IV-1-(4) Y VATYFTEENE 1982 49 A 20 H,
A =HRT CAEHE 1982 4F 12 A 24 Hic#hZhEH

ETHE,

IV-1-(5) EEBEFEMEES EMIFF KT
FEEAEY)FEE O HI HITACHI S-430 B % (.,
BEREBRICHI: > TEAEEO EBE—HFOWHN
20T T

v-2 %

el

IV-2-(1) R 6 mAEERY VoW *
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Plate 1 Natural hexahedron Basella rubra 1. var. alba Makino
A : Unperfect grains. a-normal grain. b-abnormal 3-tremata.
B-D: Normal grains. Hexahedron, panto-6 treme, dice form.
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HORR AL 6EEEH A=Y KT~
A ERABRIEIEKQ) L 5 LT 6 TRTEH®), B HKE» 5 6 HENOELSL{br%, CIADD
BEALEZ b0, D 6 EAEEH CEINARARICD BRI VAL TWS, a @ER, a’l3FPE

H.ODIIRPLRE, bk 6 HiE
Plate 2 Artificial hexahedron Zygocactus truncatus L. altenstensii

A : natural from is ball, dried form is hexahedron. B : metamorphoses ball hexahedron. C: Artificial

hexahedron D : Artificial hexahedron
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WFEREYRFEEACZE RN B2 77 YA TR U, 6 AN OBE % ZhZ2ho BICEREL 72,
6 EOTEM SENICEAE L T % panto-6-treme H7E 6 FLEL (1-5, 7-11) & 6 @E2RE EICHIRICERET 3
zono-6-treme R 6 FLEVO) S H 2, 1 I VINATHF (FTYIEVALLTHFRD) 2 v VX IH(F
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Fig.1 Hexacolpate pollen types in palynological family tree of Dicotyledon

1: Basella (Caryophyllales-Basellaceae) 2: Spergula (Caryophyllales-Caryophyllaceae) 3 : Corydalis
(Papavelales-Papavelaceae) 4 : Euptelea (Ranales-Trochodendraceae) 5 : Ranzania (Ranales-Berber-
idaceae) 6: Chloranthus (Piperales-Chloranthaceae) 7: Ribus (Rosales-Saxifragaceae) 8: Oxalis (Ger-
aniales-Oxalidaceae) 9 : Cayratia (Rhamnales-Vitaceae) 10 : Zygocactus (Opuntiales-Cactaceae) 11: Dahlia
(Asterales-Compositae). Basella is unique example of hexahedron. Hexahedron type is panto-6-treme : 1-5.
7-11. Chloranthus is zono-6 treme. Phylogentic arrangement of order according to nuclear number ; solid
line=all binucleate order, broken line=all trinucleate order, solid and broken line=both binucleate and
trinucleate order (Modify from Brewbaker 1967 : Salicales by Ueno 1976, 1978)
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Fig.2 Hexacolpate pollen and number of pollen grains in palynological family tree of Dicotyledon

1: Basella (Caryophyllales-Basellaceae) 2: Spergula (Caryophyllales-Caryophyllaceae) 3: Corydalis
(Papavelales-Papavelaceae) 4: Euptelea (Ranales-Trochodendraceae) 5: Ranzania (Ranales-Berber-
idaceae) 6: Chlovanthus (Piperales-Chloranthaceae) 7: Ribus (Rosales-Saxifragaceae) 8: Oxalis (Ger-
aniales-Oxalidaceae) 9: Cayratia (Rhamnales-Vitaceae). 10: Zygocactus (Opuntiales-Cactaceae) 11:
Dahlia (Asterales-Compositae) Number of pollen grains is monad, dyad etc. A :monad B:dyad C:tetrad
D free or loosely united in tetrad E: monad & tetrad in same flower F: polyad (massula or pollinia) G:
solid line=binucleate H: solid & broken line=both binucleate trinucleate I: broken line=trinucleate
(Modify from Brewbaker 1967, Salicales after Ueno 1976, 1978).
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FHECBETE 3 LELS,

IV-2-(3) ATL6HEMAEEH7 V27 (5 3IXB)

IV-2-(3)-A Z7¥97 ST EVWECE 6 HAL
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FUERI Y L % 2 54, ¥ = 27 )= F} Trochoden-
droceae BT AHERARTH 5,7 =77 b LA,
HA-fE- I YORETI—o v, Ui,
WA (1956 p. 72 - 6 -rugate, P1. 13-6 a, b). ff
(1980 p. 20 : 6 - colpate, Pl. 45-866 « 867). & &
(1973 icbH Yy EEOBE & > THHIE 6
BRTH2, ZORBIEBOFERFERE A =5 R
TYERUTHB, WETHEA=V KT LRAL
LI WAL 6 EERICR B TEEM D 5,

IV-2-(3B =)L k<> (1952 p. 176. p. 439 :
Fig. 250-A) (% 6 ERD 7 %42 7 DR ERL T
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WILWEB O RR L T3, HOSWEEN Li#E
NEEFD D5, HWEIERLABER TR bO» D
Hhiz v, L LR LEBORE 5 72818

(1956) Iz i, TEMERITTNTT & b Y v A4L
HrLThol, DEVEOBET VL) TELD
T, BERTOBAETHD, ThTH 6HEEELE
5% RI:DTH > S 9, L b= DI (Fig. 250
-A) iR E 6 EERTER L K&  IRIFEIRICE
HSHAEEREBE O TWS, BEOEIIY VATV F
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RID2LEND B, TOHEZNBRREOIENTY
REAS 6 ERICIT VL2 K 9 » QIERBTEMSECE
BYs-0, RELER LS, FO LS hEiE:
RT LA EDEREE THIETREHBETE 2 LE S,

IV-2-(3-C =xTnb=> (1952p.176) 12k 3 &
HAD7 42 71213 3R & 6 BRI H D 5 L1,
BELZBELDTI ZIKHERT %,

Euptelaceae (Fig. 250, p. 439)

POLLEN : Nakamura 1943, Nast and Bailey 1946.
Euptelea francheti (China ; Farges 1120). -Fig. 250
A (p. 439). Grains 6-rugate (31y). Sexine thicker
than nexine ; OL-pattern (fine). Rugae membranes
granulate. E. pleiosperma (China ; Delavey 3749) :
3-colpate, oblate spheroidal-subprolate (polar axis
29-39u).Colpi not always equilong. E. polyandra
(Japan) : 3-colpate or 6-rugate (diameter about
30.).

Smith (l.c.) does not recognize E. francheti v.
Tiegh. as a separate speciesbut amalgamates it
with E. pleiosperma Hook. f. et Thoms.

Lo LBRADORETE 797 712 3BALDH
I EREINTRRL, TRTEERTHD,
Vv v DI, WOTEMERZRINICRE SR T
WAHCEEIT 1982 FE 7 HITA b v 7wV ADTEHT
SRR LT 79 T 7 R ¥ — b 5165
BAOEH I DV THE S W (TERFEHEREIV 8
36 58) o % Z CTEEIIME A by 7 RV ATEBWTER
EHNT . CORC OV THERLILEEZ T D,
bLbIN Y DIEHER T L 8T — MT 3 #HL
THFI L 6T 7 I8HD, LrdbZED
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Fig.3 Hexahedron its metamorphosis and analogy

A : Basella (1) hexahedron type pollen (2) (3) after acetolysis (4) hexahedron (5) development. B : Euptelea
(1) natural type (2) hexahedron type, dry from? B after Erdtman. C: tetrahedron D: octahedron E:
crystal of Iron pyrites, after Sunagawa. F: analogy of tetrahedron by soap bubble G: analogy of
hexahedron by soap bubble H : analogy of triangle pillar by soap bubble F-H after Thompson.
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Belling : Even a wrong hypothesis may be bet-
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Summary

Hexahedron is one of the five Platonic Solids. Basella rubra L. var. alba Makino is Natural hexahe-
dron. Buasella is panto-6-treme (rupi). 6-rupi on the 6 faces of hexahedron.The secret of dice form is
spongeness structure of exine and 12 ridges. After acetolysis, Basella change form as ball. This change is
irreversible.

Zygocactus is panto-6-treme (rupi) as like as Basella. But its form is ball. In extreme dry vacuum, its
form change hexahedron. In moisture condition, it change ball. This change is reversible. Zygocactus is
artificial hexahedron.

Dahlia is panto-6-treme (rupi) as like as Zygocactus. But exine is very thick, spinate and strong. In
extreme dry vacuum, its form is unchanged. Dahlia is not artificial hexahedron.

FEuptelea is panto-6-treme (rupi) as like as Dahlia. After Erdtman, its form changeable ball <5 hexahe-
dron. This change is reversible. So that Euptelea is artificial hexahedron.

Gypsophila is 12-rugate, In extreme dry vacuum, its form changeable ball pentagonal dodecahedron.
This change is reversible. So that Gypsophila is artificial dodecahedron.

Deformability of pollen grains is the question of Biorheology. Artificial polyhedron; reversible
reaction of pollen morphology is one of the characters of anagenesis. Palynological morphogenesis
(Kausalmorphologie) is very interesting subject as working hypothesis.

John Belling (1866-1933) : Even a wrong hypothesis may be better than none at all.
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