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Fig. 25. Line drawing of the -.raminate flower of 

!:::okachyra tbat is illnstrakd in Fig. 4, showing thc lal­
er,ll pcriilnlh parts (p), the mcdian distal perianlh part 
(mp), the stamens (5), the bracl (b) (Ihe arrow points 
to one bract lobe: remnants of the olher lobes can be 
~een on t.he proximal portion of the median perianth 
part). and the catkin axis (a). The arrow indiciltc<; that 
the morp.hological apex of the catl-in as illnstrated is 
down\\·aro. The outlines stop w hcre the tloral parts are 
covered by matrix or portions Ot other flowers. 

(Heimsch and Wetmore. 1939), and the pollen 
morphology of extant genera (Whitehe,ld, 1965; 
N tcbols, 1973), that the Engellwrdia-Oreonnm­
nea-AI/aroa complex of today incl udes gen~ra 
wIth a long evolutionary historv. It has been 
pointed out by Stone (1972) - that staminate 
flowers are less diagnostic than other plant organs 
In the Engelhardia-OreOl/"iul1nea-Al/aroa com­
plex. This suggests that the plilnt represented by 
Eokachyra may have differed more noticeably 
l:rol11 extant genera in other respects. Winged 
1rUi ts of the Engerhardia-Oreol11unnea-A rfaroa 
complex from thc same locality as Eokachyra are 
markedly distinct from those in the extant genera 
(manuscript sublTlitled). Studies of leaves of the 
Juglandaceae from the same formntion suggest 
thal these are also quite different from extant 
forms (work in progress). Tbus, the difference 
between the flowers of EoJ..achvra and those of 
the extant genera of the Engelhw:dia-Oreomunnea­
Aljaroa complex seems genUinely renective of the 
amount of evolutionary change that hns tnken 
place in this complex since Middle Eoccne times. 

Pollination mechanisms can \lsually be reliably 
inferred from floral morphology (Facgri and van 
dcr Pijl, 1966). In Eokachrya both floral lTlor­

phology and pollen morphology are available for 
determining the proba'hle pollination system and 
these features arc suggestive of ancmophily. The 
syndromc of anemophily is characterized bv 
flowers having a small perian!h, no attractant;, 
exposed anthers, and pollen grains that are smooth 
and fall within the 10-40 p'm dial11. size range 
(Faegri and van der Pijl, J966). Staminate flow­
ers of Eokachyra have all the characteristics of 
the anemophily syndrome (Faegri and van der 
Pijl, 1966; Whitehead, 1969). PoUination mech­
nnisms in extant genera of the Engerhardia­
OreOlnllnnea-Aljaroa complex have not vet been 
fully elucidated, but the structure of the staminate 
and pistillate t10wers is suggestive of anemophily. 
SITIce stammate flowers of Eokachyra have no 
features that suggest they are functionally differ­
enl from those of the extant Engelhardia-Oreo­
rnunnea-A If(lroa complex it seems safe to assume 
that the poUination mechanism of extant genera 
(anemophily) was well developed during the 
Middle Eocene. There are several tropical spe­
cIes of the amentiferous genera Quercus and 
Castan.ea that are insect pollinated. The inflores­
cences of these species demonstrate the syndrome 
of biotic pollination (Faegri and van de .. PijI, 
1966). If th~ ~atkins of Eokachyra were pol­
Itnated by a btotlc agent instead of by wind, there 
would presumably be some structural indication 
suggesting entomophily. Furthermore, there can 
be little doubt that wind would not have heen an 
effectivc dispersal agent for the pollen of Eoka­
chyra. The t10wers were open, the anthcrs would 
have been exposed to air cunents, and pollen 
sIze and morphology are wc][ suited for sustained 
sllspension in the air (Whitehead, 1969). Fi­
nally, large winged fruits with features suggesting 
they are nllled to the extant Engerhardia-Oreo­
nlllnnea-A lfaroa complex have been collected 
fr?m the :aJ~le locality as Eokachyra. H the wings 
of these trults had attained significant size previ­
ous to pollination (as in the extLlnt genern of the 
complex), they would have been qu ite effecti ve 
as po][en collecting agents. 
. The reconstruction of evolutionary events from 
Isolated plant parts will nlways be impedect be­
cause the relative rates of evolution for different 
parts of the same plants are not known. Wolfe 
has recently pointed out that palynoloe:ical data 
nre sometimes superior to dat<l obtai'i;ed from 
fossil leaves in reconstructing evolutionary events 
\1973). It should also be pointed out that the 
limited range of features available from pollen 
and the uncertaJl1ty of whether a particulLlr type 
of pollen grain reflects a particular type of floral 
and vegetative plant morphology are weaknesses 
inherent in the exclusive use of pollen for recon­
structed eVOlutionary events. The best assess­
ment of past cvolution COmes from the evaluation 
of as many morphological features as can be ob­
tained_ Fossil flowers provide several ki nds of 
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morphological information: fJoral morphology, 
cuticular features, and pollcn morphology. Cor­
relation of a floral type with a pollen type at a 
particular time in the past allows the level of 
cvolution of the two to be compared. In Eoka­
chyra both the floral morphology and pollen rep­
resent an interesting mixture of features tha 1 
would be considered both primitive (obovate peri­
anth parts, pollen morphology) and advanced 
(bilateral symmetry, low numbcr of perianth 
parts, pollen size) in modcrn members of the 
1:-'n gelhardia-Oreomunnea-A 1Jaroa com p1ex. 

LlTERATURE CITED 

Bl.:I(RY, E. W. 1916. The lower Eocene floras of 
SO<llheastel1l North America. U. S. Geol. Surv. 
Prof. Paper 91. 

BRITTON, N. L., AND A. BROWN. J9IJ. 1ll1l;;lra{ed 
flora or northern United Stales and Canada. 2nd 
ed. Vol. 1. New York.. 

DILCHl.:R, D. L. 1971. A revision of the Eocene flora 
of southeastern Norlh America. Paleobotanist. 20: 
7-18. 

1974. Approaches to the identification of 
angiosperm leaf remains. Bot. Rev. 40: 1-157. 

FI\EGRl, K .. AND L. V.~N DJ It PlJL. 1966. The prinCiples 
of polllilation ecology. Pergamon, London. 

HEIMSCH. c., JR., AND R. H. WI.I MORE. 1939. The 
significance of wood analomy in the taxonomy of 
lhc Juglandaceae. Amer. .J. Bol. 26: 651-660. 

LECLERCQ. S. 1960. Refendagc d'une roche fossili­
the et degagement de ses fossiles sous binoeulaire. 
Senekenb. Lethaea 4 L: 483-487. 

Mt\.CGINITlE, H. D. 1969. The Eocene Green River 
flora of northwestern COlorado and northeastern 
Utah. Univ. Calif. Pub!. Geol. Sci. 83: 1-140. 

M.~NNING, W. E. J948. The morphology of the flow­
ers of the Juglandaceae. III. The slaminate flow­
ers. Amer. J. Bot. 35: 606-621. 

NICHOLS, D. J. 1973. North American and European 
species of iv/omipiles ("Engelhardia") and related 
genera. Geosci. Man. 7: 103-117. 

OTIS, C. H. 1931. Michigan trees. 91h ed., revised. 
Ann Arbor. 

SCOTT, R. A. 1954. Fossil fruils and seeds from the 
Eocene Clarno formation of Oregon. Palaeonto­
graphica 96B. 66-97. 

STONE. D. E. 1968. New world Juglandaceae: a new 
species of A Ifama from Mexico. Amer. .r. Bol. 
55:	 477-484. 

1972. New World J uglandaeeae Jll: a new 
perspective of the tropical members with winged 
fmits. Ann. Mo. Bot. Gard. 59: 297-321. 

WHITEHEAD, D. R. 1965. Pollen morphology of tbe 
lllglandaceae, II: survey of (he family. J. Aruold. 
Arbor. 46: 369--410. 

1969. Wind pollination in the angiosperms: 
evolutionary Lnd environmental considerations. 
Evolution 23: 28-35. 

I,VODEHOUSE.	 k. P. J933. Pollen grains. McGraw­
Hill, New York. 

WOLFE, J. A. 1973. Fossil forms of Amentiferae. 
Britonnia 25: 334-355. 


