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species. C. paliuru5, in shape of the nutlet and 
mode of wing attachment. The Paleogene fos­
sils have a pyramidal nutlet with basal wing 
attachment (Fig. 37, 38) in contrast to the lens­
oida! nutlet with approximately equatorial 
wing attachment observed in Neogene fossils 
and in C. paliul'Us (Fig. 40). 

Polyptera (Fig. 36) is but one of several jug­
landaceous taxa which appeared during the late 
Cretaceous to early Tertiary radiation and then 
became extinct. Another fossil fruit type from 
the early Eocene of the Rocky Mountain Re­
gion (Wind River Formation of Wyoming) rep­
resents an extinct genus of the subfamily Platy­
caryoideae (S. Wing and L. Hickey, pel's. 
comm., 1980; Manchester, 1981). Three ex­
tinct engelhardioid winged fruits were reported 
from the Eocene Mississippi Embayment Re­
gion by Dilcher et al. (1976). It is clear from 
the fossil record that the present day genera 
of the walnut family are only remnants of a 
diverse and widespread Paleogene complex. 

Evolutionary trends in the tribes Engelhar­
dieae (reviewed in Dilcher et aI., 1976) and 
Juglandeae appear to have been strikingly sim­
ilar both in the types of events which occurred 
and in the timing of those events. Each group 
first appears, and is characterized by greatest 
generic diversity in the Paleogene. Some of the 
Paleogene genera in each tribe have survived 
to the present day, while others met extinction 
by the mid-Tertiary. In both groups, the great­
est diversification took place among taxa with 
wind-dispersed fruits. A few animal-dispersed 
fruit morphologies (Jug/clJ1s and Carya, pos­
sibly A/faroa) appeared relatively early and 
continued to the present day. Both tribes were 
widespread in the Northern Hemisphere by the 
mid-Tertiary and are now drastically reduced 
in their geographi-e range. 

From the study of fossil fruits, it is possible 
to present useful information regarding pat­
terns of evolution and extinction which have 
shaped the walnut family. Fruits represent only 
one organ of the evolving plant, however. Fos­
sil leaves (Wolfe. 1959), pollen (Nichols and 
Ott, 1978) and inflorescences (Crepet et aI., 
1975) have also been shown to be important 
in an evolutionary context. These organs, 
along with wood, are abundant in the fossil 
record and may be rigorously examined in con­
juction with fruits to obtain an unusually com­
plete understanding of the history of an angio­
sperm family. 

LITERATURE CITED 

BROWN, R. W. 1936. Addilions to some fossil floras of 
lhe we,tern Uniled Stales. U.S. Geo!. Surv. Prof. 
Pap. 186-J. 

--. 1962. Paleocene flora of lhe Rocky MOllnlaJn~ and 
Gleat Plains. U.S. Geo!. Surv. Prof. Pap. 375. 

CI·f.~NDLER, M. E . .I. 1961. The lower Tertiary floras of 
Southern England J. BriClsh Museum (Natural His­
tory), London. 

--. 1978. Supplemenl 10 the Lower Terllary floras of 
Southern England PL 5. Tertiary Research Grouo, 
London. . 

CREPET. W. L., D. L. DILCHER. ,\ND F W. POTTER. 1975. 
Investigations of angio~perm~ from Ihe Eocene of 
North America: a catkin withjuglandaceous affinities 
Amer. .I. Bol. 62: 813-823. 

--. C. P. DAGHLlAN, AND M. ZAV"OA. 1980. Inves­
lig<Hions of angio"perms from lhe Eocene of Nonh 
America: A new juglandaceous calkin. Rev. Palaeo­
boL Palyno!. 30: 361-370. 

Czu:-zorT, O. H .. AND A. SKlRGlr:LLO. 1961 .Iuelanda­
ceae. Loranlhaceae, Aceraceae, The fossil iiora of 
Turow near Bogatynia. Prace Muz. Ziemi, 78-4l1. 

D'IGHLlAN, C. P., W. L. CREPET. AND T. DfLEVORY.AS. 
1980. Investigations of Tel1inry angiosperms: a new 
flora mcluding Eomimosoide(l p/l(III()~(j from the Olio 
gocene of ea.>tern Texas. ArneI'. J. BOL 67: 309-320. 

011 ('HER, D. L.. F. W. POfTER. In., ."NO W. L. CREPET. 
1976. lnvestlga[ion~ of angiosperms from the Eocene 
of North America: Juglandaceous wingcd frulls. 
Amer. J. BOL 63: 532-544. 

DOROFEEV, P. 1. 1960. Receut dala on the Tertiary floras 
of the Kireev Ravine on the Ob River. Akad. Nallk 
S.S.S.R .. Moscow. 133: 211-213. (In Russlau.) 

--. 1970. A contribulion 10 the taxonomy of cerTain 
rossil Juglandaceae. Eol. Zh. 55: 1596--1604. (In Rus­
sian.) 

FRt::DERIKSEN. N. 0" AND R. A. CHRISTOPHER. 1978. 
Taxanomy and biostraligraphy of Lale Cretaceous 
nnd Paleogene lnalriale pollen from South CMolina. 
PalynoJ. 2: 113-145. 

G IVULESC U, R. t978. Cyc/oC(lrya ('-"cit)( lIrpll (Schlechtcn­
dal) Knobloc.:w in Pannonianul Superior al Pal'alelhy· 
,Ullli D,hi Searna Sedinlelor. InsL Geo!. (Rom.) 64: 
379-382. 

GREGOI(. H. 1978. Die Mioziinen Fruchl' und Samenftoren 
del' Oberpfillzer Braunkolllc 1. Funde all~ den san­
digen Zwischenmitteln. Palaeonlographlca, AbL 
B167: 8-103. 

HICK.EY, L. J. 1977. Straligraphy and pdleobOlany of tbe 
Golden Valley Formation (early Teniary) of western 
North Dakola. Geol. Soe. ArneI'. Memoir. 150. 

HUZIOKA, K. 1963. The UllO flora of Nonhern Honshu. 
III Tertiary floras of Japan, p. 153-216. Miocene Flo­
ras. 

[UINSKAYA.1. A. 1953. Mouograph of the genu;, p(('/'o­

((/IT{I Kunth. Tl1Idy Bol. Insl. Akad. Nauk S.S.S.R .. 
Ser. I. Fl. Sis!. Vyss. Rasl. 10: 7-123. (Transl.). 

ISHIDA. S. 1970. The Noroshi Ilora of Noto Peninsula. 
Cenlral Japan. Memoirs of (he Faculty of Science, 
Kyoto Univ. Ser Geo!. MineraI. 37: 1-'112. 

JMlNICHEN. H., D. H. MAl, "NO H. WALrticH 1977. 
Blatter und Fn.ichle von Ellge//wrdw Lesch. ex B!. 
(Juglandaceae) aus dem europaischcn Tcniar. Feddes 
Repert. z.. Bot. TaJ.on. Geobol. 88. 323-363 

KILPPER, K. 1971. Neue PllanzenfossiJien aus dem nle· 
derrhClni;,cben TeniaI'. N. Jb Gcol. Paliionl. Mh. 6: 
348-355. 

KVA('EK. Z. 1972. En!!elh(/I'dia·leaves in the European 
Terllary. Casopi; MineraI. Geo!. 17: 25-31. 

LI:QPOLD, E. B., AND H. D. MAC-GINlll!:.. 1972. Devel· 
opmenl and affiuitles of TertIary floras in the Rocky 



286 AMERICAN JOURNAL OF BOTANY [Vol. 69 

Mountains. !iI A. Graham led.], FlonSLICs and Paleo­
Aorisllcs of Asia and Easlern Nonh America. 

MACGINl"ile. H. D. 1969. The Eocene Green River nora 
of nonhweslern Colorado and northeastern Ulah. 
Univ. Calif. Pub. Geol. Sci. 83: 1-140. 

MA.J, D. H 1973. Die ReVision der Originale von R. Lud­
wig 1857. Ein Beilrag zur flora des unteren Villa­
franchien. ACla. Palaeobol. 14: 90-117. 

MANCHESTEH, S. R. 1981. Fossil history of the JlI­
glandaceae. Ph.D Lhe~ls, Indiana Uruversity. 
B100 1111 ngLon 

M,\NNING, W. E 1940. The morphology of the flowers 
ofLhe Juglandaceae. II. The pisLillale nower~ and fruit. 
Amer. J. BoL. 27. 839-852. 

---. 1975. An analysIs of Ihe genus Cy( {own'a IIjin­
skaya (Juglandaceae). BuD Torrey Bol. Club 102: 
157-166 

---. 1978. The classification within (he Juglandaceae. 
Ann. Mo. Bot. Ciani. 65: 1058-1087. 

M~.YloR, H. W. 1973. The Oligocene Lyons Aora of norLh­
western Oregon. The Ore Bin 35: 37-51. 

MUU.ER-STOLL, W. R., AND E. MXDEl. 1960. Juglan­
daceen-Holzer aus dem Teniar des pannonisehen 
Beckens. Senck. Lelh. 40. 255-295. 

NICHOLS. D. 1.. AND H. LOn. 1978. BiosLraLigraphy 
and evolution of the 1'v!onllpileS-C(lrY(lpollen;le,; hn­
eage in the early Teniary in the Wind River Basin. 
Wyoming. Palynology 2: 93-112. 

PI11 VI', C. 1974. PlcrOClIIYO\ \'1011 .wbpanlloniculI1 n. sp., 
bois fossi1e de Juglandaeeae provenant du CaIHal. 
Rev. Gen. Bot. 81: 243-257. 

REI\), E. M., i,ND M. E. J. CHi'NDLcR. 1926. The Bem­
bridge nora. catalogue of Cainozoic Plants in the De· 
panment of Geology, 1. BriLish Museum (NaLural 
History) London. 

REID, C.. AND E. M. REID. 1915. The Pliocene floras of 
Ihe DlIlch-Prussian border. Meded. Rljksopsp. Delf­
stotTen 6: 1-178. 

RurH, J. L .. JR. 1975. A Paleocene flora from the Fon 
Union Formation near Baggs, Carbon CounLy, Wy­

oming. M.S. thesis. Brigh'lm Young Universit.y, Pro­
vo. Utah. 

SCOTT ,R. A. 1954. FossilfllJJIS and seeds from the Eocene 
Clarno Formation of Oregon. Palaeonlographlca. Abl. 
B95: 66-97. 

STONF. D. E. 1973. PaLlerns In the evoluLion of amenLif­
eTOUS fruils. Bnttonia 25 371-384. 

STRAUS. A. 1969. Bellrage 7.ur Kenmnis der Pliozanflora 
von Willerhnllsen Vll. Die Angiospermen-Fnichte 
und Samen. Arguffi. Paleobol. 3: 163-J97. 

L\NAJ. T.. ~NO N. ZUZUKl. 1965. Late Teniary floras 
from nonhern Hokkaido, Jilpan. PalneonLo!. Soc. Jpn. 
Special Pap. 10. 

TRAtAU. H. J963. A~ialic dicolyledonous affinities in the 
Cainozoic flora uf Europe. K. Sven. Vet.enskapakad. 
Hand!., Ser. 4. 9: 1-S7. 

V·\N Dell BURGH. 1978. The Pliocene Aorn of ForLuna­
GarsdOlf l. Fruits and seeds of angiosperms. Rev. 
PalaeoboL. Palvnol. 26: 173-211. 

VAuDors-MIE.IA, N. 1978. Nouvelle elnde paieocarpo­
logique de L'AnJou. Revision bibliographique des 
Juglandaceae fossiles. Rev. Palaeob. Palyn. 25: 
269-294. 

WATT, A. D. 1971. Validation of names uf species of fossil 
planLs described by R. W. Brown In 1962. Taxon 20: 
639-649. 

WHEELER, E. F .. R A. SCUll, i,ND E. S. B,\RGHOORN. 
1978. Fossil dicotyledonous wood~ from Yellowstone 
National Park If. J. Arnold Arbor. Harv. Un!\,. 59: 
1-28. 

WOlFIo. J. A. 1959 Terllary JlIglandaceae of weSLern 
NOrlh Amenca. MasLer', thesis, Department of Pa­
leontology, University of California, Berkeley. 

---. 1977. Paleogene floras from the Gulf of Ala,k" 
Region. U.S. GeoL Surv. Prof. Pap. 997. 

---AND T T"N,\J. 1980. The Miocene Seldovia PoinL 
flora from the Kenai Gronp, Alaska. U.S. GeoL Sur\'. 
Prof. Pap. 1105. 

ZAJlLOCKl. J. 1930. TerLiiir Flora des Salzlagers von Wle­
liczka. II. Acta. Soc. Bol. Pol. 3: 139-156. 


