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‘ ' o Abetreet L \
The Pnnceton chert (Mlddle Eocene Allenby Fm ) has ynelded seversl fruuts wnth seeds ‘
and numerous dlspersed seeds lnternal ans‘my of these remains is descrlbed from .

‘ permlnersllzstlons Several hundred seeds with a pallsade like integument of

' mecrosclerelds slnuous outlmes of radial walls (both longitudinally and in fece vlew)
consplcuous pernsperm and operculum ‘are related/\le Cebombsceae One seed with
three mtegumentsry layers the outer beanng haur-llke prb;ectlons two vascular bundles -

~in the mnddle untegumentary lsyer polyhedral to vsodnsmetric cells and 8 couled

peripheral, dlcotyledonous embryo probsbly belongs to the Caryophylleles AnstrOpous .
seeds with four mtegumentary ,Ishyers,, one pilisade of r‘ectengulsr cells that form a vaive, =

’ ls identified as a member of the Malvales, closely’releted to the Mlal.vs'ceee and
'Sterculiaceae Aggregate fruits with rosaceous affinities have ac’henes enclosed by .
' receptacular tissue. Achene anatomy is close to that of Fragaria (Rosacaae). A unalocular .

:' ‘““’ /smgle-seeded fruit with intermediate anetbmy between a.berry and a drupe belongs to

Amygdaleae (Rosecesel Anstropous pyremxdel seeds wuth three dlstlnct mtegumentery
‘layers, germtnatlon valve hypostese snd linear, dlcotyledonous embryos m s cspsulsr
fruit are referred to Decodon Gmel. (Lythraceeel Other lythrsceous seeds are larger than
thoSe of Decodon with an outer mucilage-like mtegumentsry Ieyer_thet m surface view ’
shows polygonal cells. Three types of rumlnete seeds; wnth five distinct ,lntegumentsry
layers. and a 'W" shepe in transverse sectlon belong ‘lo the Vltacese ‘ opous
reniform, spmy seeds with two lntegumentary lsyers and Ilnesr monocotyledonous
embryos are closely related to Cyrtosperma Schott (Araceae). A blloculsr fruit and a
rummste seed wuth $lm1|8f seed and fruit snstomy are descnbed as Incertae sbdls ‘
»however some ev:dence suggests thelr reletnonshup to the Ebenscese The snstomy snd
morphology of fruit and- seed remslns as well ss those of prevuously reported fo .

' ﬂmacrofossnls from Princeton mdlcste a troplcsl-subtropacsl cllmste yround a msrsh .

- Vegetation of the basin is reconstructed with flve strste squstlc plsnts lebombsceee, ‘

| Earhiza arno/di/ Roblson and Person c;yrtosperma-hke plants) cllmbers (Vltecesel

| underbrush TFjIeorosa sim//kanpenensis Beslnger aggregste frusts. .ferns) ,
ﬁsnguospern'lous trees (Decodon Amygdalese. Mslvsles) snd tsll comferous trees (Pmus/

| “Metasequdlal
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The study of f088l| fruste and seeds is not a new area of mvestlgataon but nts

‘ development has. been grbduaf Formal work cn fossul seeds and frunts was first carrned

Co out by Reld gnd Chandler.in the early 1920 s (Reid and Reid. 1915; Reid, 1920a 1920b

1924;1 Reld and Chandler 1926, 1933; Chandler, 1925, .1926) Leaves had always "

faﬁl’acted more attentlon preceding Reid and Chandler s work. there were only a few

sporadlc reports especnally by Russlan and German SClentlsts on fossil frunts and seeds ;

.(Ktrchhelmer 1936, 1957; Mai, 1960, 1976; Dorofeev 1651, Nikitih, 1928, 1935) AU

" Since thd‘t time a Iarge body of lnformatlon has been accumulated and deposlts .
contaimng fossll frult and seed roras are belng actlvely studled around the world
Paleobotanlcal work often needs reference collecttons of extant taxa for
‘comparatlve purpos\s Most herbarnum specnmens however Iack fruit and’ seed data.
The best representatlon of these organs is ln a few herbarua wnth specnal organ -

' collectlons The apparent lack of spgelal organ collectnons is now bemg remedled by the -
development of museums for f jlts seeds or wood. Gregor et al. (1979) recently cited
some of the more complete fruit and seed collectlons as well the names of specnalnsts

.accordmg to famuly who study thns type of matenal lt is obvious; however that desplte

‘ ‘our growing knowledge of frunts and seeds based on these collectncns there ns S‘tl" an

enormous lack of mformatnon on these plant organs ‘Most of the matenal studied so far

has dealt w:th specles,that are economlcally |mportant Furthermore dBSCprtIOnS of.

' . axtant fruuts and seeds are alrgost-always restucted to extemal morphologlcal
characters restrlctlng thelr use in paleobotamcal studles to |mpress|on and cdmpresston

’ j fossils. MOst reports on fOSSIl fruits and seeds have dealt wnth thus‘type of

: preaervatlon Some authors however have been forturte enough to fmd structurally '

preserved t:ssues thus enablmg thernafo descrlbe at least some anatomlcal characters of

"_thelr matenal (e g.. Eyde and Barghoom 1963 Tffney 1981 Frus 1985) )

- Detailed descrlptions of1natcmu:al characters of extant seeds and fruits have ;

f been done on only a few anglosperm famllles Perhaps. some of the most complete _
works ere those of Netolltzky (1926b) Ulbrlch (1928) Corner ( 1976a 1976b) and

= .Roth (1977) Nevertheless. whule these Works are very useful for. |dentif|cat|on they are

.far from belng complete and theur illustratlons are sometumes dlffacult to mterpret ‘e IR




' I\ o . «“ o
The pres.t study descnbes the anatomy and morphology of 8 group of s
.
permmerallzed seeds some contamed in frults or W|th remalns of frult wall. Many of" the N

\ seeds contain endosperm and embryo tnssues rare in fossil plants Anatomlcel“end

morphologlcal studles have allowed detalled descrlptlons of cell and tissue types ln

]

these Mlddle Eocene anglosperms Identlfucatlon of these fossnls wnll help in the .

reconstruotlon of whole plants from the Prlnceton chert and will allow the Ilnkagéf the |
numerous vegetatlve organs to thenr reproductwe structures WeII preserved seed and ¢
embryo tlssues have further rpade dlSCUSSlOﬂ of the reprq ‘uctlve bnology of, these , |
plants posslble Compansons have been made Wlth severjl extam seeds and frunts B

remforcmg the determination of affmmes and allo ing a eanmgful dlscu53|on of the =/

\
paleoecology of the Prmceton Basnn .and the enwro

5 of deposition of the Princeton .

chen. s o B 3 \ S .
A Frult and Seed Concepts : . ‘ L,
n ln understandmg fruits and seeds and what they represent phylogenetncally lt/l;

N lmportant to understand thelr ontogeny In shgq a seed may be deflr:ed asa fertlllzed@.
- ovule To clarlfy this deflnltlon it is’ necessary to say that an ovule is an unfertlhzed
mtegumented mdehtscent megesporanglum (nucellus). The frult may be defined as the '
mature ovary (Gaertner 1788) however smce a frult mey .also be formed by other .
| floral pants |t seems more approprlate to define |t ag’ a fl&ner ina state of seed | |
n‘laturatnon (Knoll 1939) in the case of lnflorest:ences developlng lnto infructescences,
Knoll (1939) suggested the use of terms like "frutt*umbel" 'frult-capltulum and - .
"frutt-raceme Eames and MacDamels (1947) and Esau (1967) also mcluded o

‘ mfructescences wnthm the term "fruit
o~ B e . \ ‘ . , o 1 - X ) 'l" Tk

" Fruit t-rmlnology BRI o . : |
‘ A snngle defmnte cl gsslfllcatlon systen of frults usedgy all botamsts ls not X ; . o

avallable at present time. Recently, Roth (1977) revnewed thls problem ln Roth s’ L .

anafomlcal classuflcatlon of frults there are five 1arge groups dehnscent fruvts (the

capsule sensu lata) mdehtscent frults lthe nut sensu Stf/ClO) the ﬂOShY'StC‘"’Y : ,‘ e

‘ mdehlscent frult or sarcosclerocarpnum (the. drupe) fleshy inuehlscent fruut or -

B



, sarcocarpium (the berry); aggregate fruits from apocarpous multiple fruits,

The dehiscent fruits are di\}ided into two sgbgrdups, dry capsules (mostly
Papaveracéae) and fleshy fruifs. The latter are represented b§ the tapsule
(Car‘yophyllacaa’e), legume {Leguminosas), loment (Rutaceae), and follicle {(Papilionaceas). A
capsule sensv s:r;:{&a‘is regarded as a piuricarpellated, mult'i-seeded, dry fruit. Dry
capsules are divideclt into several categories: winged ‘(Qloscorea [Dioscoreaceas]),
xerochastic (Asp/dospermb,(‘A.pocynaceaa])_‘porate (Trematobe/ /a [Lobeliaceas)),
loculisidal {Decodon [Lythraceae]), septicidal (Veron/ca |Scrophulariceasl), and silicle and
silique (Capse//s, Math/ola {Cruciferae]).

The legume, the characteristic but not only ty;;e of fruit <.)f the Leguminosae,
dehisces explosivaly; along the ventral and dorsal éutures; while the follicle, tr“xat looks
similar to a legume, dehisces slowly along the ventral suture. The presence of a false
transverse pértitio;\ or wall in a lagt:m:a defines a "Iomt;nt".

The schizocarp is a‘\fruit that may be included under the group of dehiscent or
indehiscent fruits. It splits into a number of one-seeded parts termed merjcai—ps (e.g.

‘Umbelliferae = 2 mericarps. Boraginaceae = 4 mericarps) (Roth, 1977).

Within ipdehiscent fruits several different types can also bé distipguished: nut,
drupe, berry, and ’aggregate fruits. The nut can be described ‘ﬁ a dry, indshiscent fruit
that usually contains a single owlg 8. g.. Quercus, Tilia, Chenopodium).

The achene is also an indehiscent fruit characteristic of the family Compositae. In
it, the integument and frﬁit wall are tightly attached to each other, but frequently do not
coalesce completely (Roth, 1977). Roth (1977) suggested that the term “achene” should
be ro;trictod to the family Compositae. However, énd as sﬁé herself noted. the term
. schene. was introduced by Richard in 1808, (see Roth (1977) to include the nut-iike
| follicles of the Raniles and Rosaceas. as well as the spdcial fruﬁ types of the _

| _Umbeliiferas, Labistae. and Compositae. Beck in 1891, (see Roth 1977), on the other
' hand, considered only dry indehiscent fruits developed from apocarpdus gynoecia as
“achenia”, and inb'oduél;.j the tefm “cypsela” for the fruit'of the Compositae. The cypsela
' can, tl‘\or_oifor’e.Abe defined as an achene-like structure deriveq from an inferior ovary.
~ The caryopsis. another indehiscent fruit _arisés; from a superior bvary in which the

pericarp and the intagumént grow tightly together (e.g. Poaceas). -



Another related nut-like fruit is the samara. It is a dry indehiscent fruit producing
one or two seeds bearing one to several wings. . ) ‘

The fleshy, stony, indehiscent fruit (sarcosclerocarpium of\Fkofh, 1977) moré
lcommqnly called the drupe represents a very specialized fruit, It is'composed of
exocarp (epidermis), mesocarp {parenchyma and edible parts), and endocarp (scleraids or
fibers), usustty developed from a single carpel. However, drupes can be developed’from
coenocarpic-paracarpic ovaries with several seeds or even from coenocafpic-syncarpic
gynoecia subdivided into pyrenes (Roth, 1977). : N -

| A fleshy inqehiscen; fruit (sarcocarpium of Roth, 1977) the berry is defined as a
indehiscent m'onc; or muiticarpellary fle‘shy fruit, mainly composled of pafenchyma and
containing from a few to many seeds, A §pecial type of more or less "hard-shelled"
berry typical of the family Cucurbitaceae is cafled a "pepo”. It originates from a three to
five ca'rpellat‘e inferior ovary usually with parietal placentation (Roth, 197 7). Judson
(1929) reported that the outer fruit tissue of the pepo i.s receptacular in origiﬁ. The fruit
of Carica papgya L. (Caricaceas) is sometimes considered a pepo-like fruit (Roth and
Clausnitzer, 1972); however, it develops from a superior ovary with marginal
placentation. Another special type of berry is the 'hespéridium", typical of the genus
Citrus (Rutaceae), having a leathery rind arising from exo-and mesocirp, a juicy pulp that
proliferates from the eﬁdocarp, and is developed from a muilticarpellary superior ovary
with two rows of c;vu!es per locule on marginal placentae.

In the .aggregate fruit, mopocarpellary ovariés, usually of the f‘,;)llvicle type. are

united into a single flower and remain united at fruit maturity either by coherence or -
postgenital connation with ‘onéﬂanother or by adnation t? the Noral axis (Roth, 1977).
This fruit arises from apocarpous, multipistillate gynoecia, with the Rosaceae.
Annona;eae, Nymphaeaceae, etc., being examples of thfs type. The pericarp of the
follicle may represent eitheli' a nut-like fruit as in Fragaria (Rosaceae), a drupe-like fruit
as in Rubus (Rosaceéa), a berry-liice fruig as in Annona (Ahnonaceas) or even‘a follicle/
sensu stricto as in Malus or Pyn)s (Rosaceae) (Roth, 1977). ’

-2 The final fruit category, the infructescance; is daveloped from dispérsal units

composed of a few to many flowaers, originating from an inflorescence. The °

inflorescence axis may be elongated as in the pineapple (4nnanas). more or less

\



. \ b . .
disc-shaped as in certain Moraceae (a.g. Morus) or, cup-shaped as in the fig (F/cus).

|
Individual fruits may be regarded as berries in Annanas, nuts in Morus or drupes in

Flcus. .
/ | . \
oA

In angiosperms ovules reach the seed stage in two ways. One is through .

Seed Terminology

fertilizatid_n of the ovule, the second is due to paﬁhenogenesié (Roth, 1977). Ovyies
de\}elop in the ovary from .the plécenta. By division of placental tissue the nucellus arises
in ’évhich the megaspore mother cell differentiates. If there is a large amount of nucellar
tissue located between megaspore mother cell and the nearest epidermis, the ovule is
termed cressinuceliate, but if there is a small amount, the ovule is termed tenuinuceliate.

~ Near the basal region of the nucellus, one or two rim-fike outgrowths arise. They
represent the inner and outer integuments. The integuments are formed by a varying
number of cell layers. Most angiosperm ovules have two integuments, in others only the
inner or the outer integur'ﬁent are present. One modification of the nucellus is the
hypostase., composed of lignified cells that may contain t_racheary elements, and located
in the chalazal end of the ovule. The growmg together of the intaguments forms a
narrow, more or Iess tubular openmg the micropyle. As the integuments develop, a e
stalk-like projactlon, the funiculus, to which the ovule is attached develops from the
placenta. The base of the nucellus that may fuse to the integuments represents the
“chalaza. Netolitzky (1926a, b)Jdefined "chalaza” as ‘ths region of the seed or its
brimordibm where the integuments originate. The scar left at the place where the
funiculus foins the owvule is the hilum.Ihe‘funiculus-!ike tissue that separates funiculus
from hilum is the rapho (Singh, 1.964). _

' Other structures that may be present in the ovule &;re the obturator, jaculator or
retinaculum, caruncle, aril and a third middie integument. An obtJrator is an outgrowth
froni-the placenta or the lining of the stylar canal that enters or covers tﬁe n'iicropyle
(Slngh 1864). A jaculator or retmaculum represents an outgrowth of the funiculus that ‘
f{ciﬂl?ltas di spersal (Singh, 1964) The caruncle is a fleshy, reflexed outgrowth of
var‘nablo size developed from the outer integument. An aril isa fleshy outgrowth that

envelops the oWIe, usually arising at its base. The origin of the aril has been widely
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discussed (de Lanesson, 1876; Van der Pijl, 1952, 1955, 1957. 1966. Corner, 1976a). ~
Planchon (see Corner, 1976&i defines the true aril as an out-growth of the funiculus, and
an arilloide as an. outgrowth of the exostome. Van der Pijil (1966) coined the term
“arilioi” for outgrowths daveloped from other parts of the seed. Furthermore. the term
"exarilloid" (previously exarlllate) is used for naked seeds (Carner, 1976a). l .
The vascular supply of an ovule is, in general, a single vascular strand that joins
the funiculus to the chalaza in the raphe. Sometimes two buﬁdles are present, and
vascular ‘elements may Se also .found in‘the nuéellus of certain ‘seads (Maheshwari, 1950;
Taylor, 1965). Cuticle is an importaht compon'eht of the ovule. It usyally forms a uniform
layer from the funiculus to the r.nicropyle.‘ | . .
Due to even or uneven growth the ovule may take various forms. Boéquet (1959)
reviewed this problem stating that three types of ovules represent the basic
deve;gpmental sequence. If «growt‘h is even, hilum and micropyle are situated in a straight
line; that is, the long axis of the nucellus is an extension of that of the funiculus. 'In this *
case, the owvule is orthotropous or atropous. If the funiculus bends in such a way that
mlum and micropyle are close to each other, the ovule is anatropous. In a
campylotropous ovule, chalaza and mlcropyle lie in one line paraliel to the long body ’of‘
the ovule and more or less perpendicular to the orthotropous condition. Boccjuet (1959)
.also recognizéd the presence of intermediafe’ forms. Considering the.mode of .ovule
development and organizationfdf its vascular supply, he propdéed‘ what he calied the_
"orthotropous-anatropous” series with the folloWing intermediate stages:
ortho-campylotropous. ortho-amphytropoué, ana-campylotropous and
ang-amphytropcus. This scheme rejects terms like hemi-anatropous and
hemi-campylotropous of Warming (1 ,9_1 3) and hemitropous of Goebel (1933} that
Bécquet (1959) believes poorly faflecfa’nx sysiematic or phylogénetic,ra.lationsh_ips, :
.Chalazal development may also cl;ange post-fertilization. Corner (1949)
: mtroduced the term parlchalaza to dlstnngmsh seods with chalazal areas that undorgo
*umdlrectlonal extensuon This implies that the ovule Ioses its initial radial symmetry
becoming bilaterally symetncal. If the ghalaza in the mature seed does not show an
appreciable size alteration, it is referred to as a normal chalaza. Périasmay (1962a)

. reported a third type of chalaza, the pachychalaza, that shows an over all
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.post'-fertiliut'ion increase in size, so that the greaﬁer pai't of the mature seed is occupied
oy the chalaza. —_— " :
The endosperm may also undergo changes with time. The term ruminate
- eridosperm, first used bY Glrzlay (1879) to describe the e‘ngosporm of the ndtm'eg
(Myristica) that looked as if it had been chewed, was réviewed.and redefined by -
Periasmay (1962a). He defined a rummote endosperm as an éndosperm with any degroe
o'f irregularity and unevenness in its 'surface contour within the mafure seed; such

contour being caused by the irregular inner surface.of the integument.

B. Area of Study

The Princeton chert locality is Iocated on the east bank of the Slr;n;cameen River,
. aproxamataly five miles SSW of the town of the Princeton, Brmsh Columbna and almost — .
durcctly across the river from the abandonned mining camp of Ashnola (Basinger, |
1976a), The first published dascnptnon of the Princeton Basin sediments was that of
’DawsOn (1879). Earlier Bauerman recogmzed the presence of Tertiary deposits in Brmsh
Columbia. but his work was not published until 1884. Cansell (1907) determined the
extent-of these sgdiments and pointed out some of the geomorphologlcal features of
the ares. Other studies in the area’ were carried out by Rice (1947), who described the
‘Princeton lavas and S (1952) who recognized three formations in the Princeton Basin
(Lower Volcanic Fm. I‘l\:nby Fm.. and Upper Volcanic Fm.). _ |
i} An age of Lower Middle Eocene yvaé sugoested for tho Allenby Fm;, based on .
the pragenco of Pist/llipo//en/:es macgra:gar/ip‘(Rouse and Skivastava\)a, 1870). Such
grains have bo'en reporteov in the Allehby Fm. a nomber of times in the past by Rouse

(1962) Mlthows and Rouse (1963), Hills {1985), Hills and Baadsgaard (1967), and -

. Boneham (1968) Howaeaver, P. macgregarl/ has also been found in Maestrichtian

sediments and is very common during the Paleocana (Crepet 1984) An Eocene age was -
alao propoud by Russell (1935) and Gazin. (1853} due to the presance of tillodontid
mammals. Fmally Wilson (1977a, 1977b, 1978, 1980, 1882)-established a Middle
Eocene age by comparing msect and fish faunas of Prmceton and other equwalent

‘ basms
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~ The Princeton che} |oca||ty Allenby Forrnataon of British Columbia has ylelded
‘some of the most diverse and best preserved remains of Ter‘tiary fossil plants This
locallty, also referred to, as the Ashnola locality” by some authors (Basmger 19768) was
studned palynologncally by Boneham (1968). Since that time several other studies have
been made on fossul plants from the chert based oh Iarge collectnons most oﬁ which are
housed in the Umverstty of Alberta Paleobotamcal Cpllectton (UAPC-ALTA).

Early work includes a study by Miller (1973) who described, the seed cone Plnus
__arno/dll and associated follage P. s/m//kamenensls Robison and Parson (1973) added .
" to the knowledge of the flora by descrtbmg a semi-aquatic dncotyledonous rhizome.

Eorhiza erno/dil The affmmes of this plant remain uncertain at the present tlme

Studnes of the Princeton chert began at the Umvers'ty of Alberta in the
mid- 1970's and have continued to the present time. Basinger (1976a, 1976b) described
a rosaceous flower Paleorosa s/mi/kamenensis. In 1977. Basinger and Rothwell
provided the first account of the diversity of the plants pre'served in the chert, and

4

2 / indicated the presence of numerous angiosperm fruits and seeds as waell as fertile:and
vegetative organs of angiosperms conifers, 'f;r_ns and fungi. At the same time they -
commented on the superb anatomvcal preservation that includes developmental stages
of various plant organs. The wnde diversity of plants present makes this flora "the most
duverse Eocene permanerallzatnon flora ever d:scovered (Baslnger and Rothwell, 1977)
- Since 1977, some of the diverse plant organs have been descnbed in more

detail. The conifers Metasequo;a milleri Rothwell and Basmger 1979; Basmger 1981,
1984), Pinus princetonens/s and P. andersomi (Stockey, 1984) have attracted most of
ne attention in recent years. S '
* " With the exception of Paleorosa and Eorhizs most of the other angnosperrn H !
| remauns have not been ‘smdned Potentnal for angi05perm studies at this localnty is great o
wnth several types of permlnerallzed remams avallable mcf?dmg floweP buds currently =
under mvestngatlon (Stockey, submxtted)' stems wood and roots; as well as several .
fruits and seeds of both monocots and dncots som\of which are ﬁted in the presenf
study. ‘ S '
Other sednmentary basms in British’ Columbla have been studledpaleontologlcally
and correlated to the Mlddle Eocene Prmceton Group There bas%een some ‘
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disegreement aboutI these correlatlons however ‘Wg\son (1977) using fossil. fish remains
showed the relatnonshtps of these sednments and volcanic rocks to the Allenby
Formation. it is now accepted that the Allenby Formatlon is 'syncromc with the Tulameen .
Be;m of the Tulemeen area, the Quulchena Beds of the Qullchena-Merrm Basms the |
Trenqunlle Beds from the Trenqunlle-Red Point BasSin, the upper sectlon of the Kamloops
Group in the Split Rock-McAbee area, the Horsefly River beds of the Horsefly area and

T the antwood Creek Beds of the Francous Lake-Smlthers area. Thus it is nmportant to
point out that the. Princeton chert locallty is only a part of what may be a fairly large
depositional basin within .BrltlSh;C‘OhJMbla. In addition; these basin in. British Colum_bua
must also be vlewed as part of a large and ‘more or less continuous belt of western

North American Eocene outcrops.

v

: C Materials and Methode _
) hThe Prlnceton fossil plant remains presented in this study are preserved in chert
collected from a section on the Similkamesn River conslstlng of an mterbedded
l sequence of chert and coal with an occasnonal thin ash bed (Stockey pers. comm. )N
Forty-mne exposed leyers of chert’ have been recorded and systemetlcally sampled
' " ‘(Stockey pers. comm ) Accordmg to Beslnger (1976a) the color of the chert is a good
indicator of the emount orlglnal orgemc resldue in the rock, and mdlrectly shows how °
efficient the peel techmque will be on the samples In this respect black cherts will glve

-E‘.
better peels then the hghter ones. Fractures in the chert are filled with blue-whlte

snliceoue bends | | " ,
, For_the purpqse of. thls project the cross-lndex card file from the Paleobotamcal
Collection of. the Umversrty of Alberta was exemmed (about azoo samples of chert.
~ from the collect:on have elreedy been reference peeled) All the peels wuth seeds and
_ 'frults from 1he cross mdex cerd file were OXU\;f;Od wrth the help of a dlssectmg
S mlcroscope end those wrth well-preserved seeds end frults especlally those with
celluler contents. were chosen for study The ongmal rock semples of peels contanmng

' » good seeds or frunts were studued by consecutlve peels The peel techmque used was

the seme as thet used by Beslnger (1976e 198 1, a modrflcetnon of the cellulose-acetate _ o
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peel techmque of Joy et al. (1956) Large rocks were trnmmed to a workable size
before further |:>eehng1 Consecutlve peels were numbered and those showing’ good
contrasl‘ and cell detail wers mounted as permanent slides wuth Coverbond xylene .
soluble mountmg medlum For compartilon wlth extant material modern seeds and fruuts ‘
werf flxed dehydratated, infiltrated, embedded sectioned, and stalned (Johansen
- 1940; O'Brian and McCulIy 1981) For fnxatlon formahn acetic BCld FAA) and a mlxture
of glutaraldehyde and acrolein were used Dehydratlon began in 10% 30% and 50%
ETOH and proceeded in a tert-butyl: alcohol series (TBA) For mfnltratlon and embeddmg :
‘ Paraplast Plus medium was used Sectnons 1Q um to 13 um thlckwere cutona rotary .
microtome and stained wuth safranm-‘fast green or hematoxylm-orange G Fragana and
Vitis w;e purchased locally Areceae seeds were borrovyed from Dr. D. Nucolson
’Smithsoman—lnstmmon Vitaceous and ebenaceohs seeds were' bprrowed from Herbano
Nacional Instltuto deBnqlogta Mex:co and a lythraceous frult was borowed from the
herbarlum of ﬂg Botany Department University of Alberta (Table 1). Rosa was collet:ted
'by the author’ E‘long Saskatcnewan Drive. in front of the Buologncal Sclences -Building of
the Umversuty in Alberta Edmonton. in the main. entrance of this sqme bu:ldmg Prunus
Sorbus and Ma/us were also collected in January 24 and February 10 1986.

) All specnmens are depossted in the Umversnty of Alberta Paleobotamcel Collectlon
. UAPC-ALTAL'. - - - . T }2 g |



Table 1. "List of réviewed extarjt' seeds.
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. I.Class Magnoliopsida
. o e o ‘ l
A. Subclas's Magnollldae .
Or er Nymphaeales ‘
Famsly Cabombaceae : S B . , E" e

sy

“vDescrlptlon‘\\‘ o ¥y

- - Hundreds of subspherlcal to ovold seeds about 7 mm Iong 3. 5 mm wlde are among the .

'commonest remams ‘present.in s0me chert layers (Flgs 1, 5). One speclmen shows a

o row of three seeds with a strand of tissue onr elther snde (Flg 1). Thls tlssue 25cm

long probably represents part of the frult however preservatlon and tlssue continuity
do not allow a complete descrlptlon The counterpart of this'slab shows a fOurth seed
‘from the same fruit (an 2) Thts seed %also enclosed by fruit tlssue but also shows an
axis 3.6 mm Iong and O 3 mm in diameter at the base that may represent a pedlc‘NFug
2). Actual attachment is not observable since ‘a fracture llne contatnmg silica’ runs o
through the tlssues at this lev'el' However it seems obvious that the pedlcel and the fruut
. were once attached to-each other. ' o ' ot
The small ovoid seeds have an operculum located at one end (Figs" 10, 12).
. . When the operculum is removed in the mlcropylar area a large gap occurs {Fig. 11). The
operculum is composed of a single Iayer of radlally elongated cells about 250-um x 61
‘um wuth dark contents and stralght radlal walls (Flg 12) Seeds have two mtegumentary

: | layers (Flg 3. 13) In Iongltudlnal section the outer shows a single palnsade of slnuous

: thlck-walled cells (Flg 13) Transverse sectlons of these cells are oval to polyhedral in “ N

a , outlme Surface vnews of these cells are sinuous W|th between 4 and 20 undulatlons of .

Y

"'the wall (Fig 9). Some cells are almost cruciate in. surface view, (Flg 9). At the base of

e .. the nnner mtegumentary layer near the nucellus |s one vascular bmm traverses the

:"lseed for almost half of’ its length (Flgs 4 5, 6l ln the» reguon of the vascular strand the

seed shows a protuberance in sectlon vuew that is actually a ndge in longltudmal sectlon
',(ans 4 5 7l Nucellus is uSually a snngle cell layer thlck m most seeds (an 4l however
caj perlspenn has been seen in one seed (l'-’lgs 7. 8) Cell walls in thls reguon are mvaded

AL

'. | _by fungal hyphae (Flg 8)
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: ' DlSCUSSlOn o
Longltudlnal sectlons of these seeds show a close s:mllaruty to those of Ond/nea
purpurea den Harfog lSchnelder and Ford 1978) or Barc/aya /ong/fo//a Wall . 3
‘ lSchnelder 19}8) of 'thetNymphaeales Furthermore, Corner (19764 describes the :
" seeds of thls order as having an outer pallsade-luke mtegument of cuboid or’ short
~ columnar cells with thlckened more or less Ilgnlfled cells varymg from stellate to
undulate m surface vaew ln several genera the lntegument thms toward the mlcropyle to

form an operculum The lnner integument is not multlcellular and is unspemallzed and

\‘crushed at maturlty Other characterlstlcs are the presence of an anl operculum and’

'perlsperm | S N 5
o The order Nymphaeales is dlvnded into 5 families by Cronqulst (198 1),
Nelumbonaceae Nymphaeaceae Barclayaceae Cabombaceae and Ceratophyllaceae
Hutchinson (1 959) and Walker (1976a. 1976b) treat these farmlles as subfamnlles of the
family Nymphaeaceae Seeds of the family Ceratophyllaceae lack both perlsperm and
endosperm and are, therefore uniike the fossil seed The pachychalazal or '

“ : ‘multlvascularlzed seeds of the famlly Nelumbonaceae are much more complex than the

" e

1 fossll'seeds Four genera of the famlly Nymphaeaceae are anllate unllke the fossil seeds,

Nymphaee Eurya/e Victoria ahd Ondlnea The flfth genus of this" famlly Nuphar has |
surface lntegurnentary cells wtth hexagonal facets unhke the undulatmg cells in the fossu
| seed The presence of brlttle epldermal halrs in the famlly Barclayaceae ls Unllke the -
fossﬂs The famlly Cabombaceae wuth two genera is most similar’ to the fossnl seed
Cabomba Aubl in the 6uter mtegumentary layer has one comcal thlck-walled papllla per
‘-call e | . ; /‘ '
| Uslng surface wews of the outer mtegumentary layer to dlstmgulsh between the
o ‘_genera of the Nymphaeales, Colhnson l1980l reported that Eurya/e Ne/umbo and |

; Nuphar have polyhedral'walls, and thus cannot be related to the fossnl seed that has

: ' slnuous walla Victoria,‘ Nymphaea and Ondmea have an operculum wuth two holes one

3 ff represehtnng the hnlum and the other the mncropyle whnle the fossll seed has only one

2 Barcleya and Cabomba have consplcuous halr-llke projectuons unllke the fossll Brasen/a

~has an operculum slmular to that of the foss:l seed and the cells of the outer mtegument o

in surface vnew are also snnuous llke the fossul seed Howeveg Colllnson (1980)



B reported the presence of a ‘solid rounded tubercle up to 50 um in hlgh and occupymg o Lo

'one third of the cell dnameter for Brasenia, and stated that the mner lntegumentary layer |
is 2- 5 cell layers thlck Therefore, Brasen/a is the closest extant genus to the fossll

‘.seed The operculate and exarlllate seeds of Brasen/a have an outer mtegumentary layer | .
wuth cells in sur{face view showmg very tthK walls somewhat stellate to undulate ,
outlmes (Co}lmson 1980)., The Prmceton seeds have fewer undulatlons and do not have ‘0
tubercles as Brasen/a therefore, some dlfferences are evident between these seeds |

The fossil record of the Nymphaeales ls extenslve Collinson (1980) revuewed the
frult and seed record, and pomted out the' presence of seeds related‘o this group from
the early Tertlary (Chandler 1861) to the Quaternary (Katz et al., 1965) In her review, N
‘she also lllustrated the surface view of ¢ells of the outer’ mtegumentary layer. Thls s’

/ character allowed the separatuon of some: genera of fossil seeds into dlfferent groups '
based on the rectangular or polyhedral shape of thelr cells Tadvenla Dorof ~ o
N/ki ne//a Dorof., Tomsk/ella Eerrya/e Mlkl Irtyshenia Dorof Pseudoed‘?ya/e
Doro and Pal acoeuryale Dorof all have cells of thls type. Four other genera have ‘ '

) stellate to undulate cells (Collmson 1980) Pa/aeonymphaea Chandler has few and” very

.. 'weak undulatlons and Dusem/oaya Dorof. has.more than 10 undulatlons per cell

Y

Al-lowever both have an operculum woth two holes, representlng the hllum and the
". rmcropyle unlike the fossnls Colllnson (1980) described Brasemella Dorof that has
stellate cells and a snngleholed operculum makmg |t very slmllar to the fossnl seeds

The llvmg Brasenia differs from the Prlnceton fossul seeds in that its outer

o mtegumentary layer when seen in longltudmal -section has very smuous walls and the e
) radial walls of the outer 1ntegument are stralght Saber/na chandlerae Coll another
fossil. cabombaceous seed dlffers from the fOSSll seed in havmg two holes in the

operculum (mlcropyle and hllum) and stralght radlal walls of. the outer lntegumentary -
o layer.. At the present tlme it seems reasonable to refer to the Prmceton f088l| seed as a :

probable new member of the Cabombaceae



' B. Subolass CarYOphleldee -
Order Caryophyllales
' | - ‘ Descrlptlon “ o
A snngle oval seed has been found wtth maximum. dlmensnons of 1 2 mm x O 8 mm (Fig, |
‘14) lts appearance changes accordlng to the level of the sectlon (Figs. 15 17) At
mld-levels a central clrcular seed body with two lateral wmg—hke extensions are seen
‘(ans 14 15) The mtegument is composed of three layers. The outermost contams
| rectangular cells about 50 um x 2::3 um, each wtth a clavate hair-like protuberance about
o1 12 um long and 40 um in dlameter (Flgs 16 18, 19). The second mtegumentary layer
is composed of polyhedral cells. that are 40 um to 25 um in diameter, nine cells thick in
' the Iateral expanded areas thinning to three or four cells around the central seed cavny
(Figs. 14, 15) In the central part of each expanded area a vascular bundle is present for
. most of the' seed length lFlgs 14 - 16). The third and innermost: mtegumentary Iayer is
composed of a. smgle row of tangehtnally elongated cells about 55 um x 15 um Fi 16).
'+ Nucellar tissue has not been ldentnfned Endosperm is represented in eachOsectuon jy
dark clrcleﬂsometlmes wuth an lrregular outline and contains rectangular cells wuth dark :
‘contents (Figs. 20 22). A well-preserved dncotyledonOus Bmbryo is present toward one
side of the seed cavity (Figs. 20 25) The embryo is curved with two rather Iong :
| cotyledons Around the reglon of the shoot apex the embryo shows rectangular cells
‘near the notch (ans 21 22) Thus area (an 22) probably corresponds to the )
‘ ‘?coyledonary node Cotyledons are almost clrcular in outlme throughout thsir length, but
,become flattened near the tlps (Fug 25)
. v Lo
e ,;\L C Dlscusmon o |
’ AThe perupheral posutuon of the embryo is a charactenstnc feature of the Subclass
, Caryophyllldae Accordlng to Martun (1946) no other angnosperm subclass has thls
arrangement A somewhat sumllarly orlented embryo is present in the Gramnnae
. -jHowever the fossll embryo |s dlcotyledonous Three orders form thns Subclass ‘
l ‘Caryophyllales Polygoneles and Plumbaglnales (Cronqulst 1981) The Iater have stranght
large spatulate dlcotyledonous embryos ln the other two orders the embryo |s a large
r“"l—ilways dlcotyledonous pernpheral straught or most often curved or annular ln the

ui
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the fossul seed since P@onales seeds show a smooth outer integumentary Jayer that

16

! . . o f ¢
)

Caryophyllales this embryo is surrounded by a more or less abundant starchy

'pensperm However |n the order Polygonales perlsperm is essentially Iacknng and the

'seed lstsometlmes rumlnate The mtegumentary strusture of thls order does not matst

-

-may have retlculate thlckenlngs and a hypostase (Corner 19763) Comparnsnons of the

‘ mtegument structure within these orders are restrlcted since only a few genera have ’

- described for both orders thus makmg comparlsuons dnfflcult Only the famlly ‘

xS
pRi% 74
s

"Nyctaglnaceae has two postchalazal branches of vascular tnssue asin the fQSSll S ‘

. second lntegumentary layer, if present lS aerenohymatous On the. other hand famllles

been descrlbed What's more, most of the descrlptlons are based on young ovules A
]

“a 4

rough esnmate in the number.of genera per order is 370" for Caryophyllales and 30 for

“‘the Plumbaglnales (Cronqulst 1981). Of these. only About 40 genera have been

However hairs or hanr-llke structures have not been descrlbed for thls famuly and ItS

wnth hairs or halr-like structures ln the flrst mtegume;ltary layer show other dlfferences

when cOmpared to the fossnl seed The Caryophyllaceae have sinuous cells as seen in

i surface view untike the rectan Iar ell outlmes in the Prmceton seed. A 'second: |ayer of

¢

. cells assocnated wuth the flrst mtegumentary layer is present in the Phytolacaceae ' I

Famllles Alzoaceae and Mollugmaceae (Corner g 976al have a smooth surface or the _- sli ‘
outer tangentlal wall becomes wavy and thlck The flrst lntegumentary Iayer is crushed at’
maturity in the Dlduercaceae and is thlck-walled in the Cactaceae therefore, it is dnffmult
to relate any of these fammes to' the fossnl seed. Accordlng to Corner (1976a) the

famuhes L(:henopo<;haceae Amaranthaceae and Basellaceee have a very snmllar

mtegumentary anatomy In these groups the ftrst mtegumentary layer ls composed of

‘ cuboudal of short radlally elongated cells. In some genera the cells have a papllla or halr

generally contaming tanmns Thls group also has at Ieast four mtegumentary layers

B maklng it dlffncult mdlcate a relatlonshlp to the fossll seed Fmally seads’ of the K X

. Portulacaceag have three lntegumentary Iayers and halrs or halr-llke structures in the first

;_‘mtegumentary Iayer Corner (19763) however reports that the thlrd lntegumentary Iayer ;

‘ has §l|ght bar-llke thlckemngs not seen in’ the fossll seed

Ca

N had

The fossll record does little to ald in the ldentuflcatnon of thls seed Pollen grams '

of the famllues Amaranthaceae/ Chenopodla\ceae are known from the Cretaceous the

o ® ' .
o PR . o o e - o “‘ ! T
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Polygonaceae from the Paleocene the Nyctagmaceae and Caryophyllaceae from the -
Oligocene, and the Portulacaceae from the Upper Muocene (Md)ler,, 198 1). Tertiary ?run .
and seed remains of the famuly Polygonaceae are common however since they are
dlnly fruit compressions, it is not possnble to compare therm,to the permineralized sead
described here (Kirchhsimer, 1942; Dorc}'feev,'1‘963;‘Mai, 1964; Friis, 1985). Fossil

fruit and seéd remains of the Caryophyliales are known only from the quaternary

. (Schweger, pers. comm. )"

A
and polien record s known frOm the Upper Cretaceous. While It is possible to

say that the fossil seed fits vary well in the order Caryophyllales further taxonomic
determination awaits %‘nore detalled dascrlpttons of the extant seeds and the discovery

of more fossil maternal The seed shows many snmnlarltnes wuth the Portulacaceae,

) ' . -
4 . D]
r

however; it is pre'riwtm‘a to assigrwe single fossil seed to this family.
- (] \
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C. Subclass Dilleniidae
_ Order Malvales
Family Sterculiaceae/Malvaceae
| ~ Description
' Two oval, anatropous and multilayered seeds have baen found with a maximum length of
1.8 mm and width of 1.2 mm (Figs. 26, 28). A valve 0.9 mm x 0.3 mm composed of a
palisade of~rectengular cells one layer thick ie present on these seeds (Fig. .31). Four
easily distinguishable ;ntegur’r\entary layers form the seed integument (Figs. 26, 27). The
outer integument, about 9 cells thick is-composed of tangentially elongated cellls about
28 um'x 10 um (Fig. 27). Gland-like cells about 30 um in diemeter~‘occur in this layer and
extend into the second integementary layer (Fig. 29). The second integumentary layer is
muiticellular and composed of isodiametric cells about 23 um in dien;eter {Figs. 27, 30).
The raphe runs thro”ugh this integumentary layer from an area just below the micropyte |
deep in the second inteQumentary layer, then info the chalaza at the opposite end (Eig. |
30). The third integumentary layer contains a single Iayer of radially elongated cells with -
25 um x 7 um, that form a palisade (Figs. 27, 32). This layer projects from the seed
surface to form a valve. Valve cells are also full of dark contents (Fig. 31). The
‘inner-most and fourth integumentary layer is three to four cells thick, .and composed of
tangentially elongated cells 25 um x 5 um, Nuceﬂus endosperm or embryo have not
been observed in these seeds. “f\‘.e' v
- | Discussion
The presence of a palisade i .th‘e third integumentary layer in these seeds ie very
characteristic and easy to identify with the exotegmic group of seeds described by
Corrier (19768). He divided this droup into two "subgroups exotegmic seeds with a
palisade and exotegmic seeds with fibers. Corner (1976a) further divided the group with
a palisade into two smaller groups. those wuth more or less prlsmatnc cells with angular,
|sed|ametnc or ehortly oblong facets and those,wnth tubular or radially elongated cells
with stellate to undulate or lobate facets. The fossil seeds belong te the former group.
‘Only a'few angiosperm families have: similar characteristics to the fossil seed: however:
as Corner (19‘768) pomted out, it is very difficult to distinguish between them. The

presence of a complncated chalazal regnon dustmgu:shes families Bixaceae and Clstaceae
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from the fossil ser'ed. Aérénchymatous tissue is présent at some levels of the integument
in families Tiligceée, 'Pas;ifloracéée and Bombacaceae, L}nlike the fossil seed. Sint;e‘ the
second fntegumentary Iayef is multicellular in the fossil seed and famflies Pipelracéae and |

' Thymelaeaceae do not have multicellulér integuments at all, a relationship to them cannot
be supported. Seeds with a large and consplcu0us vascular system like those of the
families Gonystylaceae and Dlpterocarpaceae cannot be COmpared to the fossnl seeds
with a single vascular bundle. The palisade layer of family Turneraceae is driented
obliquely, mhking it quite different from that of the ‘fossils. Within the family
Celastraceae one genus (Perrotetia HBK) has a palisade like that of the fossil seed;

. howaever, its integuments are only three to fi;e ce.lls thick (Corner, 1976a), rhai(ing it
different from'the fossil seéd discussed here Another family with a palisade layer in a
similar Eosmon to that of the' fossil seed is the Euphorblaceae {Crotonoideas). However,
seeds dlf?er from the fossils in having the first mtegumeptary layer and generally the
second intelgum;ntary Iayér composed of a short palisade. Crotonoideae seeds may also
have aspetate hairs not éeen in the fossil. Seeds of the family Sterculiaceae look very
similar to the foss.ils, but their first integqméntqry layer is a short palisade and
integuments somatimes contain mucilage.Lacs 'Finaily ihtegumants in the famiiy
Malvaceae are also very similar to the fossil; however, a hypostase occurs. No evidence
of a hypostase has been sean in the fossil seeds. it appears, therefore that the

Gtercuhaceae and Malvaceae have seeds most similar to the fossils. 'Perhaps the outer
palisade as in sterculiaceous seeds was not developed at the tlmgfof fossilization.
_leferent‘ develppmeﬁ;al stage# were ;hoWn to occur in Gossypi‘ym (Malvaceae) by' Balls
(1915). 'Perhaps'this layer was abraded prior to fossilization: The h;lpostase in
malvaceous seeds, does not always persist in the mature s?ed, therefore these fossil

~ seeds may have had a hypostase at one time. . |

~ At the present time it is not possible to pcéitively relate the fossil seeds to any

-of these families. Thus, more data are needed in order to give'a more precise taiondmic}
mterpretatlon of thesa Prmceton seeds. The fossil record of both families goes back to

8t least the Eocene (Dorofeev. 1963; Mgller, 1981). Cronquist (1981) notes that the

‘ Sterculnaceae may even. be presantby the latest Cretaceous.

4
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Order Rosales - , e

Family Rosaceae , . | \ ‘

Subfamily Amygdaloideae
‘ Qrupe/éerry {Prunus-iike fruit)

‘ Description. .
Five fruits of this type, three of which are well.preserved, ha\le been‘ found in the chert,
Fruits are ovoidal with a rnaximum diameter of 1.8 mm end contain one seed (Fig.. 33),
At the basal end of two fruits an attached narrow pedicel 4 mm in diameter is
observable (Figs. 34, 39) 0ppostte the pedlcel a short persistent style about 0.1 mm in
duameter and 0.1 mm high can be seen in some sections (Figs. 33, 34, 35, 42). The . '
pericarp can be divided into three uyers ‘An exocarp is present around the whole fruit
and composed of a single layer of isodiametric to slightly rectangular cells 40 um in
diameter (Figs. 36 3 that have sllghtly thicker tangentlal walls. The multllayered
mesocarp thins as/ approaches the stylar regnon and is not present beneath this area

Figs. 34, 35).

ells of the mesocarp are polyhe.dral to isodiametric with a maximum
diameter of abod{ 40 um. The multilayered endocarp is not well preserved, hcwever,
the cells'sesm to{be similar in shape to those of the }esocarp but with much thinner .
walls lFlgs 36,

The fruit has three vascular strands situated between endocarp and mesocarp

(Figs. 38, 41, 42). The three strands depart at the fruit base, from the vascular tissue of

the pedicel. The fruit pedicel has a well-developed vascular tissue surrounded _bylarge
parenchymatous celis with dark contents (Flg 40). Tracheids of both fruit and peducel .
have well-developed hellcal thlckemngs lFlgs 40, 41). |
The seed ttself is clrcular to dvoud wuth a maximum diameter of 0.9 mm (Flgs 33 :
- 37, 39) Two mtegumentary layers have been dustmgulshed even though they are . .

crushed and not well preserved (Fig 44) The outer is a single Iayer of nsodlametnc to,

| polyhedral cells, 30 um in dlameter The mner integumentary layer contains crushed

quadrangular to rectangular cells wuth dark contents one or two cells thick (Flg 44) In
one seed, some rectangular to slightly polyhedral cells 83 um x 46 um m diameter are | |

preserved ‘with dark contents (Figs. 43 45). These may be remams of the nucellus or
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possible endogperm tissue.
| Subfamily Rosoideae
 Tribe Fragarieae : -
. Aggregate fruit | , , ' o

S ‘ -
e B . Description

RO
.t.\, S

Two well-preserved fruits known from Iongltudlnal sectlon and one from transverse
section have been found in the slabs of one chert block Slx other frults wuth smashed.
tissues are difficult. to lnterpret
The aggregate frunt is pear-shaped with a length of 6. 5 mm (Fig, 46). A mld-fruut
‘crose sectlon appear,s oval, with a maximum width of 7.2 mm and a minimum width of
2.3 mm (Fig. 47), but thess fruit tissues may have been slightly compressed prior to
fossilization. Two perslstent sepals are present at the base of the aggregate fruut (Figs.
46, 48). The tissue that forms the aggregate fruit and enclosing the actual frunts
| (achenes) may be divided |nto two zones. The central basal portion of the frult is
occupied by a psth-llke region of parenchymatous cells with rectangular oqtlme 147 um
\ x 95 um.in diameter (Fig. 50l ' '
This region is surrounded by vascular tissue contammg trachelds with hehcal
r thickenlngs (Flg. -49). The second zone offrunt tissue envelops the actual frunts. .
producing a’floral cup structure. At least two Ia'ye'rs can be distinguished in this zone.
The outer is represented by a snngle Iayered epldermns of tangentlally elongated cells
‘ebout 35 um x 20 um in diameter {Figs. 5 1) Beneath the epldermls are more or less
N tangentnally elongated cells with dark contents about the same size as epldermal cells ,
(Fig. 51). Theee same types of cells are loosely dnstnbuted between the-frults' and serve -
asa Supportlve matnx ‘ : '
_ The actual frult is an achene ora folhcle in it, five dlffernt layers can be
'dlstlngulshed three correspondlng to the frult and two correspoudmg to the seed. (Flgs
51, 52). The exocarp is smgle-layered with tangentnally elongated cells about 40 um x .
20 umin dlemeter Fig. 52). Sometlmes itis posslble to dlstlngulsh one or two addltlonal
layers of smaller cells wnth slmilar cell: cheracterlstlcs to those of the. exocarp The next ’
‘consplcuous Iayer is composed of |sod|ametrlc thrck-walled cells about fuve cells thuck |
(Flgs. 51, 52), lndlv:dual cells are about 16 um ln dlameter wrth a ‘wall thnck,ness of about_ ‘



13 um. - |

~The en‘do’carp is represented by a single tayer of rectangular thin-walled cells .25»

umxllqmlndiameter(th 51. | | | v ; ”‘v‘/
The outer seed integument is composed of two to three Iayers of rectangular '

, thin-walled cells, 30 um x 13 umin dnameter full of dark contents Fig. 52). The inner '4 |
mtegumentary Iarger is composed of polyhedral cells. about 60 um in diameter with
helucal secondary wall thnckemngs (Fig. 54). The general outhne of the seed is
pear-shaped wuth one cdncave side (Fug 53). A cross section toward the tlp of the seed
_shows an elongated micropylar end (Fig. 55). . ‘ ‘

The endosperm three to four cells thick. is compgsed of polyhedral thm-walled
cells. 23 um x 9 urp in dlameter (ans 56, 57). Embryo tissue is preserved in a few
seeds and in some sections two large cotyledons' with cellular preservatnon can be seen
Figs. 56.58).

4 " Duscussuon | ’Q_ )
.Seed anatomy of these two fruits is not dlstlnctnve in any way it'is the apparent lack of
diagnostic characters that actually relates them to the famnly Rosa‘ceae Corner (1976a)
states that seeds of thls famlly offer no struklng mICI’OSCOplC structure. However. he )

‘ adds most appear to have non-multlcellular seed-coats and to be vanously reduced and

sumphfled with little differentiation of cell Iayers, in accordance with the prevailing .

. indehiscense of the fruit ‘The concept of seed integument reductiofl in indehiscent fruits -
of thls famuly is drscussed by Roth (1977) ‘ ' | . |
~ The Rosaceae is a very Iarge famtly with more than 110 extant genera and over
3. 000 specues The family has been studued for a Ion; tlrne however ; frunt and seed
anatomy st:ll need more detailed study Tschnerske (1886) Farmer (1889) Malfattn
‘(1896) Pechoutre (1902) Hilimann (1910) Kraus (1913 1916), Juel (1918) Netohtzky
(1926b) Bonne (1928) Kuhn (1927) Tukey (1934) MacDanlels (1940) Rauh and Rezmk
(1851), Reeve (1954a, 1954b) Hjelmquust (1962), Sterlmg (1964a, 196‘4b 1964c,
1965a 1965b 1965c 1966a, 1966b 1966¢, 1.969) Vaughan (1970) Corner (1976a
1976b) Roth (1977) and Olson and Steeves (1982 1983) have all examined fruit and/or |

'seed anatomy to some degree

tt
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Fruit morphology and anatomy are of great taxonomrc value in subdrvndmg the
famlly Rosaceae into subfamllnes and tribes. Among other characters Robertson (1974)
states that the frult of Subfamnly Splraeoudeae is a follucle ln Subfamily Rosondeae the :
| . fruit is mdehrsbent a solitary achene or aggregate or accessory fruit with several |

druplets or achenes (Robertson 1974) In Subfamrly Malondeae he lists the pome as the
typucal fruit and the drupe as fruit of the Subfamlly Amygdalondeae Using thns scheme

- the frult from Princeton probably represents a member of the Subfamlly Amygdaloudeae

The Prmceton frult{esembles a typrcal drupe in having three 3 distinct perlcarp

Iayers (exocarp mesocarp and endocarpl However Roth (1977) noted that in a drupe
~‘the maesocarp is generally compoeed of parenchymatous cells and the endocarp is |
‘formed either by sclereids, flbers ora mlxture of both. The Prmceton fruit has a-
*megocarp of thrclt-walled cells and an endocarp of thm-walled cells. Thus, the cell layers
are reversed fro'rh the situation seen .in‘the typlc’al d'rup‘e 'Integuments and probable .
",,endoeperm as well as mesocarp and exocarp afe well preserved however the
_endocarp is badly preserved in all frults so far studned tis lmportant to pomt out that
fruits of peach lPrunus persica) can be divided into two groups meltmg and non-meltung .

| types due to the presence or absence of. waterlng areas (Appleman and Conrad 1926).

. A watenng area |s formed by the breakdown of cell walls of the mesocarp and the

: accumulatlon of cell contents in the lntercellular spaoes lt is possnble that a sltuatron
“ snmular to thns is responslble for the absence of the endocarp in’ the Prmceton fl’ult
Thus, :ts absence may not be due to presgrvatlon butto a natural phenomenon lfnown in
~ at least one specres of tpe genus Prunus v . : ”
Another mdehtscent fleshy frult lS the berry By deflmtldn a berry contams
' ‘several to many seeds and is monocarpellary or multncarpellary (Roth 1977) It also can '
be divided into exocarp mesocarp and endocarp Here the mesocarp can be .' |
. dlfferentlated lnto several specnalnzed parenchymatous layers whnle the endocarp is
- usually smgle-layered However sometumes ﬁ\ese parenchyma Iayers are at least partnally' ‘
,1; replaced by thnck-walled cells Thls sltuatlon sometnmes makes lt extremely drffuoult%
o draw a lnne between a berry and a drupe. and many transntnon forms GXlst (Roth 1977)
) .‘s.ln fact drupes may be present m one specles and bernes m other specles of the same

“f'genus leg Veccinlum Ribes) (Roth 1977)

A
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' The epidermis of berries is composed ’of one layer of small, thick-walled,
nsodlametnc cells Thls same type of epldermls is found in the Prlnceton frult lt is"
nmport%nt to pomt out that the epldermns ina drupe usually is accompamed by two or

h

three hypodermal layers thus the fOSSI| frunt is different in lackmg these hypodermal
ﬂ ; ' o ‘ b v s o

‘Using perucarp anatomy the fruit can be ldentlfled as a erry with a two- layered

' mesocarp However a smgle-layered endocarp usually charac rlstlc of berrles is not
presen} in the fossu fruit. Therefore itis more accurate perhaps to mterpret thls part

@Of the perlcarp as s:mllar to that in a drupe. The fruit then may represent a transmonal

X

: for{n between a drupe and a berry 'Another characternstlc of the fossil fruit that makes .

|t ntore drupe-hke is the presence of a single seed. Berrias usually have two or more

‘ seeds per fruit; however some palm fruits are smgle seeded berries (Corner 1966l

N Seed anatomy shows llttle in the way -of dlagnostlc features nevertheless its reduced

structure corresponds to the typical sltuatlon in a drupe ln this kmd of frult the | ,
endocarp takes over the protectlve functlon of the mteguments formnng a unlt lseed +
endocarp) comparable to the snngle seed surrounded by hard mteguments (Roth 1977)
in the- Prunceton carpologucal remams this unit mcludes the whole perlcarp plus the seed

Drupes are v}ell known in the Rosaceae (Pmnus Ceresus Rubus) however they

,v are also found in other faer'\mes llke Cornaceae lCornus) Caprnfohaceae (Sambucusl

Arallaceae lHederal Rublaceae (Coffea) Ranunculaceae (Laurusl Rhamnaceae (Rhamnus)

. F [Myrlstlcaceae (Myristica) Oleaceae lOIeal Flutaceae (CaS/m/roa) Anacardlaceae

”lMang/feral Saxlfragaceae lRibesl Erncaceaelv.eccln/um) and Juglandaceae (Carya)
among others lRoth 1977) Netoln&ky l1926b) and Corner (1976a) descnbedthe seed

‘anatomy of these farmhes and they do not resemble the Prmceton fossuls Some of

. . them, hke _(;aprufollaceae, Aralraceae Memspermaceae, and Rublaceae have rummate or :

' :subrummate seeds for example Multlcellulara lnteguments are reported in famnlues such o

" as. Ranunculaceae Rhamnaceae, Mynstucaceae Lauraceae Lmaceae. Slmaroubaceae

' "‘Melnaceae, Flutaceae, Polygalaceae Elaeocarpaceae Trapaceae Theophrastaceae

Myrsnnaceae and Celastraceae Furthermore a palrsade or pallsade-hke layer |s present m

‘ mteguments of Chloranthaceae Phytolaccaceae. Schuzandraceae Acanthaceae Oleaceae.

: ,Saxnfragaceae and Juglandaceae A hypostase is well-developed ll'l Myncaceae,_ AR

R



B Ulmaceae Moraceae Urtlcaceae Thymelaeaceae and Alanglaceae Thlckenmgs (Splral
:.:_reticulate. bar-hke) in some mtegumentary cells are present in Monimlaceae |
‘ Anacardlaceae and Verbenaceae Fmally the presence of snnuous cells in the outer
|ntegumentary layers in Cornaceae a rather large funlculus in Anacardlaceae absence of
"an outer lntegument in Santalaceae presence of an aerenchyma-hke lntegumentary Iayer
in Malplghlaceae an outer |ntegumentary layer formed of cubondal cells in Proteaceae a-
crushed Outer lntegumentary Iayer in Plperaceae and presence of an. arnl m
Amaranthaceae negate a relatlonshlp of the fossul seeds to these families.
Frult anatomy of these families also shows some dlfferences compared to the .
- fossll frults (Roth, 1977). For example Cornaceae and" Rhamnaceae are charactenzed by
: _ the presence of a crystsl layer in the endocarp A pallsade or. palnsade-hke structure in.
‘ the mesocarp is dlagnostlc of the Caprnfollaceae Arallacea and Rublaceae unlike the o
fossul fruit, Two or more- carpels are present in Rutaceae and Saxlfragaceae Whlle only :
~ one is present m the fOSSll fruit. Extensnve vascularlzatlon of the perlcarp is found in
. Oleaceae Anacardlaceae and Juglandaceae whlle the fOSSIl frult has only three vascular X
| -strands Slnuous cell outllnes are found in the endocarp of the Ranunculaceae unllke the
| fossnl descrlbed here Stomata are present in the endocarp of Encaceae and large |
- mtercellular spaces are found in. the inner epnderrms of Myrlstlcaceae these structures "
. are not found i in the Princeton fossil fruit. . SO IR _
| The: famlly wrth the most slmllar frult and seed characterlstlcs to the Prmceton
* fruit is the Rosaceae As mentnoned above the’ Subfamuly Amygdalmdeae typlcally have
' drupe&ubfamnly Rosondeae may have: drupes however when this. type of frult ns
B t'presertt in the Rosoadeae it mvanably forms part of an aggregate frult Slnce the -

- .drupelberry of Prlnceton shows no. mdncatlon that nt |s part of an aggregate frult any

. "’;,:‘. relatlonshlp wath the Rosondeae is weakened , |
' The presence of a well-developed pedlcel |n the Prlnceton drupe/ berry supports R
lts lnterpretatlon as a slngle end |solated f§nt mdlcatmg a relatlo_shlp to the subfamnly

o fAmygdalordeae Seed or fruit anatomy of the subfamlly |s known only from Prunus '

- 3 however. Prunus shows a typucal drupe (Roth 1977, The Princeton frult compares |
L _;closely in seed anatomy to the descrlphon of Prunus by Corner (1976a) lt has an Outer ;' :
B i '“"mwy( layer eomposed of rounded cells whlle other mtegumentary layers are |

v



| s 'lntegumentary_

. dlffer from thcje at Prlnceton by' havmg a hypostase mlnute embryos and o l 'f '

: crushed However, three to 10 post-chalazal branches of vascular tissue oceur in

Prunus (Corner 1976a), whule in the fossnl no vascular tissue has been ldentifned o

.although the frult is well preserved Vaughan's (1970) descnptuoes and ullustratlons of
 the seeds of some- specnes of Pruaus show great snmnlanty to the frult dlscussed here;
,however the mner part of the outer lntegumentary layer ln the fossil seed is not as

distinct as‘in Prunus Fossil carpologlcal remains of the subfamlly Amygdalondeae

referred to as Prunus have been reporte from several Iocalmes lDorofeev 1963;

‘ Gregor 1978, 1982 Friis, 1985) Unfortunately the mternal anatomy of these remains

is not known maklng comparlson with the Pnnceton materlal lfﬂpOSSlblB The small saze f

| .of the Prlnceton drupe/ berry differs from those of Prunus that range from two to 12

AN

cm in dlameter .
At the present time, thls fruit appears to be related to the one-seeded ‘

drupaceous frults of the. Amygdaloudeae however, the lack of seed and fruit

‘ vlnformatlon on other genera of the Subfamlly precludes further comparls:ohs

. Aggregate frunts are found in fammes l|ke Magnollaceae (Magno//al
Ranunculaceae lRanuncu/us) Annonaceae lAnnonal Rublaceae (Mor/nda) Convolvulaceae
(Cuscuta) Dnspacaceae (Dispacus) Nymphaeaceae lNe/umbo) and Rosaceae lF‘ragerla
Rubus Rosa Malus Pyrus) among othersﬁBoth 1977) Comparmg frults and seeds of a
the Prmceton aggregate fruit wuth these farnulnes the Rosaceae show the greatest ‘

nurnber of s:mllarg;es Seeds of the Prlnceton aggregate fI'UIt differ from those of the |

, famlly Magnolnaceae in belng extremely small Magnohaceous seeds have a multucellular

, outer mtegumentary layer fleshy sarcotesta and a small or mucroscopuc embryo

Frults of the RanUnculaceae dlffer from the fOSSllS in havung three to flve L

vascular bundles (Roth 1977l while the fosslls do not show vascular bundles in the

s

actual frunts only nn the receptacle Ranunculaceous frults also may be completely L '-
L parenchymatous. or possess a sclerenchymatous endocarp ln thls Iast case the BRI
| endocarp cells are thlck-walled wnth wavy outlmes or at frult maturlty the cells are " :

i partlally separated due to growth in clrcul'nference (Roth 1977) Ranunculaceous seeds .

yers that may develop ina pahsade-llke fashlon

RN



Fru:ts of the Annonaceae dnffer from those of the Prmceton aggregate fruit ih

'havmg an extenswe vascular system and a parenchymatous mesocarp (Roth 1977). ‘
Furthermore at frult maturlty cells of the endocarp tend o separate from’ one other in ‘, o
a slmnlar way to those of the Flanunculaceae Annonaceous seeds are clearly dlfferent
‘ ‘ from the fossil under dISCUSSIOn smce their mteguments are multucellular they
: sometlmes possess a thlrd mtegument and are often rummate e

, Seeds of the Rublaeeae differ from seeds of the Prmceton aggregate fruit smce -
,' they are pachychalazal and ruminate, (Corner 19763) They also have multncellular "
o mtegumentary layers, some with at least one palusade layer and curved-or coiled

A

' [embryos wlth mtrncately folded cotyledons unllke those in the Prmceton aggregate fruxt -
: Seeds of the Dlspacaceae have crushed lnteguments at matunty& and the outer -
lntegumentary Iayer is 10-15 cells thick (Corner 1976a), contrasted to the two
‘ | mtegumentary layers in seeds of the Pnnceton fLunts Flnally the seeds of the
“‘”Nymphaeaceae have perlsperm a well-developed pallsade and are arillate, unlike those, R
of the fossil aggregate fruit. | . '
v The Prlnceton frwts shows a receptacular tissue wnth pith, vascular tissua -and

- two outer cell layers surroundlng the achenes Frults of the Rosordeas are mterpreted as

| belng appendlcular and/ or receptacular in orlgm (Roth, 1977) thus acentral plth

S surrounded by vascular tlssue, a cortex-lake tussue and epndermus can be ldentlfned in

| most Roscldeae frults This s:mpllstlc pattern is often comphcated further lBonne 1928;

Roth, 1977). ) | .,

‘ Smce the achenes of the Prmceton aggregate fruut are enclosed m tlssue that

g may be. mterp:'etated as a fleshy floral cup these fOSSIl frwts appear to be related to - o
- the Roaaceae Subfamlly Rosondeae The orlgnn of the fleshy tlssue enclosmg the actual

- frurts and seeds |s dlfflCUlt to assess, since: no developmental sequence is known The

:fOSSIl aggregate frult cannot be regafa'éd as a pome, slnce the sepals partlclpate actlvely
“."un the formatlon of the floral cup m ponges le g- Malus Roth 1977) and the sepals of
" the Prlnceton agwegate frult are free from the fleshy tlssue enclosung the actual frurts
“_"’and seeds A pome frunt as seen nn cross sectlon has frults and seeds located ln the -

B .ﬂ.central reglon surrounded by at Ieast two dnstmct parenchyma zones separated from one

'. another by a nng of dlscrete vascular bundles ln the Prmceton aggregate fI'UItS one. _‘ R
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: ‘cyllnder of vascular tissue is present surroundlng the. plth and sepals do not partlclpate

in the constructlon of the floral cup.

The orlgln of the hypanthlum in Rosa'is still not. clear Bonne l1928) postulated |
: that the lower part of the aggregate fru:t was receptaCular while the upper part was
appendlcular m orlgln Later Douglas (1944 1957) concluded ‘that the hypanthlum in
Rosa ‘was the result of receptacular lnvaglnatlon Whatever the orlgm of thns floral cup
; |ts vasCuIar tlssue is represented by recurrent bundiles, maklng the hypanthlum a heavuly
‘vascularlzed‘ structure ‘Another characterﬁtrc of the Rosa hypanthlum is the presence of
K ’sepals that crown the structure in the Prmceton aggregate fruits sepals are Iocated at
the base and are free for their total length from the fleshy tlssue enclosmg the frults’
and seeds No vasoular strands arse present in the. receptacle tlssue surroundlng fruit and
. 5eed. In transverse section the hypanthium of Rosa is a thick multllayered structure with
at least five dlstlnct Iayers and an extensive vasculature In the Pnnceton aggregate frunt
only three dustlnct cell layers are observable Furthermore, the plth region of the fossil
‘aggregate frult is not present in the Rasa hypanthlum | ( .
The organlzatlon of the fruits of Rubus and Fragaria (T schlerske 1886) are very.

slmnlar to the organlzatlon of the Princeton aggregate frults The three frults have a plth .

co surrounded by vascular tns5ue parenchymatous cortex.: tw° to three hypodermal layers

il

. anda smgle-celled epudermls The hypodermal layers are not extensnve in the fOSSll

| aggregate frult however in some areas cells with smaller dlameters are’ seen. beneath
‘the epldermls suggestlng the presence of a hypodermls The cortlcal tlssue arrangement
'm the receptacle is very spongy in appearance. The arrangement of plth vascular tlssue

cortex . | rmls surroundmg ‘the frults and seeds m the Prlnceton aggregate frults

are very close |n organl' tlon to that of Rubus and Fragana therefore i receptacular o

‘orlgm is: certalnly plauSIbleQ“' | |
' ln comparmg the anatomy of the actual frults and seeds of the fossll aggregate ‘

. ,fru:ts w:th those of thg two extant genera the fO$3l|S are more slmtlar to Fragarla than

. 5to Rgbus that has a deeply wrlnkled pubescent endocarp (T schaerske 1886 Wmton

’ '1902) Nelther Fragaria nor the fOSSll fI'UIt have a wrlnkled exocarp or halrs ln the lnner )

S ' fmtegumentary |ayer the seeds of the fossil aggre ' te frults have retlculate cells as m the o

'outer mtegumentary Iayer of Fragana (T schlerske, ! 86 Wlnton 1902) These



characterustlc thlckenmgs are not present in Rubus (T schlerske 1886; Wmton 1902l
| lt is clear that snmnlarltles m fruit and seed morphology and anatomy of the fossil
’ aggregate frunt to Fragar/a lndlcate afflnmes to the trlbe Fragarleae Fruit epudermls is
very similar. between the two and although hypodermal layers are diffucult to discern in -
the fossll they ‘can be seen in some sectnons The next two frult Iayers represented by ‘
. the vascular tissue and a crystal Iayer m Fragar/a have: not been observed at all in the |
fossil aggregate frult The stony endocarp of Fragar/a is also seen in the fossul whnle
the transverse fibers of the inner endocarp of F ragana are represented by tangentnally
velongated thm-walled cells in the fossil.- The seed of Fragar/a has an outer lntegumentary'
layer characterlzed by the presence of cyllndrlcal cells with retnculate thnckenlngs and an ‘
. ' inner lntegumentary layer. charactenzed by rectangular cells wath brown contents In
: contrast the seed of the fossll aggregate fruit has an outer mtegumentary layer of cells
‘ wnth dark contents and an inner mtegurnentary layer with secondary thlckenmgs From
thls comparlson |t is. evadent that fruit and seed of both Fragaria and the fossnl |
aggregate fruit, have almost |dent|cal cell layers However, seed mtegumentary layers are
) reversed This' dlfference comblned wuth those of fruit anatomy indicate that these two -
fruits and seeds are probably dlffarent taxa. Another great dnfference between Fragar/a .
 and the foss:l aggregate fruit is the fact that actual fruits in F ragaria are sitting on the:

‘%t recaptacular tissue in small depresslons ‘while’ frutts o(‘the fOSSll aggregate fl’ult are

» enclosed by, the receptacular tlssue at maturnty |
| Compalluslons wrth the fossnl record are dlfflcult smce the only report of
“ Fragar/a or Fragaria-llke frusts or seeds are those of Dorofeev (1963 1977) from the |
"'Phocene and Plelstocene in. the USSR These frults are falrly large when compared to the

- frunts from Princeton Another closely related genus Potent///a L.. has kn wn fOSSIl .

',‘%remams from the Eocene (Frus 1985 Dorofeev 1963 1977) However seed anatomy .

. of the fossnls has not been descrlbed Extant Potent///a |s known to retaln only the
| 'outer mtegumentagy layer at maturrty (Corner 1976a) Thus the Pnnceton fossuls
probably represent a new taxon of the famnly Rosaceae, trlbe Rosondeaa most closely B

"related 1o Fragarla



Order l\/lyrt‘ajl‘e\s\ B - B | o S
Familylltythraceae . ”

" Tribe Nesaeae | I oo l

‘Subtribe l\leseeineae' | o o

Genus Decodon sp. Gmel,

Descrlptlon o

Seven fruuts wuth enclosed seeds have been recovered frorn the chert In addltlon to

“ fruits, hundreds of dispersed seeds are present ln the chert Morphologncel varlatlon in

‘frults and seeds is restricted to shape and: snze -and is probably related to maturlty and.
"degree of locutar compressnon R L g o ‘ .
. In transverseé section the fruits are oval to glo‘bose, 5mm tall 4 mm wide. and 3
‘mm .thickv(Fig '59). Four to six locules, are divided by complete septa connecled to the
. central frult axis lFlgs 59 61) éach locule has between 12 and 18 seeds arran/ged in
three to four rows \Mth axlal placentatlon One fruit shows one locule full of. aborted .
; ovules (th 62) However sometlmes locules wuth ‘well- developed seads have a few |
aborted ovules Sepals persist at frult maturlty (Flgs 60; 62). aoth sepals and frutt wall
| have swollen areas about 150 um in dlameter (Flgs 62, 70). These areas are. composed
‘of several rows of cells 19 um in diameter (Flg 70) -In some Iongttudlnel sectlons these
. cells are seen to beqfungal hyphae forming clelstotheclum-llke structures Cells of the
sepals are not well-preserved however, they appear to be thin-walled rectangular in
' outline, and some of them have a few dark contents (Flg 62). Froﬁl the pedlcel at least
one vascular strand goes into each sepal The pedlcel 0.9 mm in dlameter in Iongltudlnal .
. 'sectlon shows a central parenchymatous plth surrounded by vascular tlssue cortex wnth )
‘ rectangular thm-walled cells (Flg 60) Sometlmes, cIenstothecna srmllar to those of the ~p '
"“'frult and sepals are present on the fruit axns The frult axls extends lnto the frult for

| almost one half of lts Iength lFlgs 60 64). The frult axls also contalns a central pltthIth

N thln-walled cells 3 um thlck) 26 um ln dlameter lt is surrounded by a rlng of vaecular

bundles lFlg 65) The endocarp is repfesented by a pallsade layer of radlally elongated

cglls. each cell of the pallsade with one dark cellular mclusuon lFig 63) The exocarp is -
IR &,

- ‘composed of tangentlally elongated cells full of dark contents One vascular strand wnth o

K

N hellcally thlckened tracheuds has been seen 1n the exocarp lFugl 63)

o.
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. Seede' ?fr\“general have a roughly pyramidal shape with rounded co, .(Figs.
., 59,60, 68). Some SGeus“ere more rounded in outline_depending on ‘the arr;ﬁg’ement in,
the fruit {Fig. 71). The'-ir\tegument can be'divide'd into three layers according"to cell ‘
characteristics (Figs. 63, 67;. The outer integumentary cells are reCtanguler and
" tangentially elongated, 22 um loﬁg x 6 unt wide, and full of dark contents (Fig. 67). The
middie integument Isl r‘nultilayered, with finely pitted, isodiametric cells averagir\g 25 um
{Fig..67). In some areas It is possible to distinguish in this middie layer internal and
', external zones, based on the empun't of dark contents in celis;“€ells of the internal zone
have more dark contents (Fig.:67);‘ I 5 few cases, the raphe marks the limit b‘etween'
these two zone§~ hpweve'r 'lt'ie usually not possible to make this distinction. The inner
Integumentary layer three to four cells thick js composed of thnck walled fibers (6 um
wall thlckness) W‘lth hehcal thickenings (Fig. 72). Rectangular thm-walled celis snmnlar to
those of the.out}er mtegumentary layer, but with fewer dark contents form a ventral
’ 'germm@on \&Ive (Fugs 69 7 1), like that descrlbed in seeds of extant Decodon Gmel.
—‘—‘(Tlffney 498‘1) | |
: A*‘The three integumeﬁ\ary layers are also present at the micropyle (Fig. 73). The
c¢opylar end of the seed is slughtly elongated and narrow. Near the micropyle, and
| #téward ther’dOrsal side of the seed, is the hilum (Fig. 73). The raphe can be seen deep in
. the middle integumentary layer runmng from the hilum to the chalaza! end of the seed .
(Fig 65) “This grea is composed of trachends with hellcal thickenings and few
7 pgrenchyrna ‘cells. The chalazal end of the seed is rounded and broader than the
. mxcregylar end (Figs. 66, 68) Nucellus and endosperm cells have not been ndent:fned
however, these seeds have a small area of dark tlssue at the chalazal end that may
represent a hypostase (Fig. 75) in one seed this hypostase-hke tissue is assoc:ated with
a dlcotyledonous embrfyo (F:gs 74,76). in one sectnon it is even possnble to dlStIﬂQUISh a

4

thm-%\yalled tissue connected to the embryo proper that probably represents a suspensor

(FJG{ 75).

¢ “
Tribe Naseeae
Description
One broken fruit with some associated seeds and several dispersed eeeds have been

S



found'(Flg. 77). The exocarp is composed of three layers of thin-walled cells with -
scattered dark conténts. Cell size increases towards the outside of the exocarp. The
fruit endocarp is composed of two Iayers of thin-w'alled rectangular cells with dark
contents and vascular tissue with helical thlckenmgs Celis of the unner layer tend to be
smaller than those of the outer Iayer. ) . ‘
The seeds have a roughly ’byramidal outline with rounded corners (Figs. 77 - 80).
The integument can be divided into three layersv. Tne outerl is composed of a single cell
layer of rectafgulan tangentially elongated 0.12 mm long 0.30 mm wide, full of dark
contents, Cell consistency appears to: have been mucnlage Iuke (Flgs 78, 8 ll The middle,
integument is muititayered with finely pitted cells, 0245 um in diameter, that tend to be
isodiametric, lFlgs 78, 81), The inner integumentary layer is very inconspicuous with
only a smgle layer of rectangular, tangentially elongﬁfed cells. The three mtegumentary
layers can all be seen at the slightly elongated and narrow micropylar end. The hilum is
Io.cated near the micropyle and toward the dorsal side (Tiffney, :198l) of the seed, cells
near the Hilum are represented by dark tissue in some seed sections {Fig..79). Tne raphe
runs from the hilum deep into the middle integumentarylayer to the chalazal end (Figs.
78, 80).‘\This area contains tracheary elements with helical thickenings and few
parenchyma cells (Fig. 80). The chalazal end of the seed is rounded and wider than the
micropylar end. Nucelius and endosperm have not been identified. , |
- ' ‘ Discussion ) '
The presence of three well-developed integumentary layers in these seeds, witn the
inner composed o:f helically thickened fibers is slmllar to seeds in the families
' Combretaceae,’Lythraceae, Onagraceae, Funicaceas, Sonneratiaceae,_and Trapaceae.
However, trlese remains can pé distinguished from Combretaceae since thelaner has a +
middie mtegumentary layer composed of thin-walied cells with scattered;clerotnc cells,
in some cases spxral or annular thlckemngs (Corner. 1976a) Seeds of the Onagraceae - .
“according to Corner (19768) have no essential differences from seeds of the
- 'Lythraceae. Nevertheless, the middle lntegurhentary layer in the Onagraceae is
aerenchymatous crushed at maturity or with some sclerotic cells (e. g Oenathera Spach)
(Corner 19764). unlike the lsodlametrlc cells reported in the Prlnceton seeds. The ‘

presence of a watery translucent sarcotesta in the famlly Punicaceae precludes any

7
<
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relatlonshlp with the fossil seed. The integument in the Sonneratiaceae is very slmllar to
at least some genera of the families Punicaceae and Lythraceae The seed of Sonnerat/a
‘L. lS ‘tlose to that of Pemphis Lythraceae (Tribe Lythread) (Corner, 1976a), and it has
been compared to two. fossil seeds of the Lythraceae, Enigmocerpon Sahni and ’ .
Sahniantfus Shukla \(Mahabale and Deshpande, 1957). The larger size and general outline
of tr;e seeds as .wel'l as the presence of a large, curved embryo with shortcontorted .
cotyledons in this family negates a relationship to the Princetoh fossil seeds. The other'
sonneretiac’:etws genus, ‘Deubange' Buch, et Ham., has a minute and straight erhbryo with
flat cotyledons, and IIS inner mtegumentary Iayer is composed of pltted lcgmfled fibers
{Corner 1976a), unlike the Iarger embryo and hellcally thickensd flbers in the fossul
* seeds. The monotyptc femlly Trapaceae shows a multlleyered outer mtegumentary layer,
‘unllke the fossil seed, thus, leaving the Lythraceae as the most likely affinity for the
fossil seeds s * ) ‘

Accordlng to Koshrie (1903) the study of the family Lythraceae began as early as
the middle 1700 s; however fruit and seed anatomy were first: descrlbed late in the
1800's (Koehne, 1877, 1880). Since that time dif ferent biological aspects of the family
| have beenvreported. in addition to Koehne (1885), Graham (1964) studied the Lythraceae
~of the United States, Mauritzon (1934, 1939) described embryological aspects of the
family, Joshi and Venkateswarl (1935a, 1935b, 1936) and Joshi (1939) added
" embryologlcal studies, and Graham and Graham (1971) and Eyde (1972) reviewed the
geologlc history of the family. Anatomical descrlptlon of seed/ s was first carrled out by‘
: Netolltzky (1926b) and later Corner (1976a) added the: descrlptlons of a few more
" genera. Recently Tnffney (1981) descrlbed the seed of extant Decodon vemcﬂ/atus L.
Ell. in detall and compared it with foss:l Decodon and closely related genera like
Microdlptera Chandler Mneme Eyde and Alataspermum Chandler.

Tl@ney l198'l) discussed the fossll seed and frult rqoord of the famlly and put
: the remains into three groups The flrst group fits within the tribe Lythreae; its
_representatives are Ammonia lakensrs Chandler (Chandler) (Lower Eocene)
Pa/aeolythrum bournense Chandler (Mlddle Eocene) P gallense Chandler (Phocene) and "
Lythrum L (Pllocenel The second group includes members of the trlbe Neésaeeae,

mcludnng Alatospermum Ialrense_ Ch_andler (Early. Eocene), Ministerocarpum alagtum Reid .

-
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“and Chandler (Middle Eocenel, Lagerstroemia indica L. (Pliocene). and Decodon .Gm'el.
(Late Eocene), Microdiptera Chandler (Late Eocenel and Mneme'Eyd,e (Late Eocene) that
together with Alatospermum Chandler (Early Eocene) form a morphological complex.
Tiffney's third .group included those carpological rernalns not assignable to aither
sectiony"Th'is group includes Crammeria trilocularis Reid and Chandler, Pachysperma
- quinquelocul are Reid and Chandler, and T emesmerpum po/yspermum Reid and Chandler
all from the latest Paleocene and Early Eocene and En/gmocarpon par/ jai Sahni from
the Paleogene
‘The fossil pollen record of the family goes back to the Upper Eocene (Maller, |
lQéll: ho'wever, it'is not as diverse as the ’s‘eed‘and fruit record.‘YOnly'three types of
pollen grams have_been referred to genera already, reported either by seeds or frults"’
‘Lythrum Lagers;z&oem/a and possibly Decodon (Muller 1981).
‘ Corner (19768) described the lythraceous seed as minute to small and
sdbcylindrical to trigonous or pyramidal with a convex base (outer end), or of medium
size and winged or by e‘xten_sion of the chalazal end of the raphe, exalbuminous, and
elxarillate.‘The integument is more or Ieas‘ multicellular in the Iarger seeds. The‘outer
| layer of the seed is a palisade of rather wide cells, is composed of cuboid.'and often
. somewhat compressed cells, or cuboid cells with an- invaginated musnlagenous hanr The . |
middle mtegument often has two layers, an outer composed of large cells that are |
thin-walled, pitted and Ilgmfued- and an inner densely sclerotic region. Furthermore, the =- -
middle integumentary layer may be wholely sclerotic or the sclerotic layer may be -
situated in the odter part. Sometimes ‘the inner cells of the middle integumentary layer N
have thickened, pltted and I:gmfled radial walls and often contain’ crystals. The inner
mtegumentary layer |s a contmuous hard pallsade of narrow longltudmally.elongated
tracheids with spiral, annular scalariform or sub-retlculate thlckemngs or it may be very
narrow. contalmng thick-walled flbers without visible' pnttmg Integumment of the fossil
.seeds wuth a smgle celled outer mtegument sclerotic mlddle lntegument and fnbers with
helical thlckemngs in the mner mtegument follow the Iythraceous mtegumeetacy pattern '
- Detailed frult anatomy in the Lythraceae has not yet been deScnbed However,
the presence of complete \or mcomplete septa is used to dnstmgunsh the two tnbes in

»Tnbe Lythreae (e g.. Ammarlla Pa/aeo/ythrum) septatlon is not complete to the: apex
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_ whi‘le in the tribe Nesaeeae (e g. Decodon) it is complete to the a‘pex. Sinoe tl'le fossll
fruit has complete septa lt belongs to the tribe Nesaeae that has béen dnvnded into two
subtribes based mainly on the presence or absence of wmged seeds Nesaemeae and
Lagerstroemunae (Koehne, 1903). Eight living non-wmg_e—d—gAenera are mcluded in the
subtribe, Nesaeineas, Crenea Aubla Nesaea Comm He/(n/a Link et Otto Decodon |
Gmel Griselal., Adenasia HB.K. T etrataxis Hook and Gionoria Jacq and two

. winged genera are lncluded ln the subtrlbe Lagerstroemunae Lagerostroem/a L., and

| Lawsoma L. Legerostroem/a is dlstmgunshed from the fossil seed by its folded -
cotyledons and Lawsonia differs by havmg an inner lntegumentary layer composed of °
narrow longitudinal fibers with rather coarse plttmg (Comer 19768) | > e

| Grisela has a two-locular fruit, unlike the four to six Iocules-tn*the fossil frunt

The fruit of Nesaea has an operculum and the fruits of Crenes and Ademar/a are

indehiscent, unlike the fossil (Koenhe 1803). Koehne (?903) and Sahm (1948l

i characterlzed Tetrataxis and Glanoria as having. septifragal capsules leavung the septa

~ attached as wmgs ‘'on the placenta unlike the fossil fruit. Crenea has a large elongated‘
seed with a sub apendtcular apex. '
Decodon and Heimia are the two genera with more similarities to the foss:l

remains. "Decodon verticillatus fruits and seeds were sectioned durmg this study and
| compared o the fossils. The fruit isﬂ' qulte similar, and composed of an enddcarp of |
quadrangular to slnghtly radlally*elongated cells The exocarp has tangentially elongated .
cells with dark contents as in the fossil fruit. Seeds of extant Decodon are very similar
to those of the fossil frults Three mtegumen‘tary layers can be easily recogmzed the
‘ raphe passes through the mlddle mtegumentary Iayer as in the- fossnl and the seed has a

’ gerrnlnatnon valve. (For a detailed dascription of the seed of extant Decogon, see _

'Tlffney 1981 J However ifa layer by layer companson IS made betwe extant and

" fossil seeds it is evndent that the outer lntegumentary layer of Decodon vertlc/l/atus is'
- ‘more radlally elongate while in the fossil seed cells of this layer are maln% tangentlally
elongated n addltlon. the lnner mtegumentachayer is very consplcuous ln Decodon
, “_-vertlclllatus and not soin the fossll seed Size is also a dlfference between these two |
seeds Decodon vemclllatus rs alrnost three tunes larger than the fossil seed. The'

presence of mature embryos and weII developed mteguments precludes dlfferences due’



to developmental stage ,
The last genus to which the fossil may be related is He/m/a Unfortunately

| nelther its fruit nor seeds have been described in detail. From Ko%e s (1903)

descrlptmn and |llustratlons this genus 'seems to, be closety related Furthermore, Sahna

{1943) descrlbe the fruit as thin and subcorlaceous resemblung that of the fossnl

%

Similarities of the fossil seed with those of Decodon vert/cl /latus. .clearly lndlcete "

that it is closely re‘lated‘. Relatmg the fossil to Heimia must wait until more information
about the fruit and seeds of this extant genus is available. A | | |
-Among the foesil lythraceous c_arpological r‘e"mains.‘ a close rel,ationship of the

‘ . Princeton'chert fossils with Decodon, A/atospermum Mneme, and 'Mlc'rod/ptera is
_evident. From this group only Decodon lacks’ wmgs thus, maklng it more similar to the
.fOSSll under dlscussmn Unfortunately there ts not a detailed anatomical description of a
fossil Decodon with,which to compare the Prmceton seeds. Frns (1985l showed some
scanmng electron m:crographs of Decodon glbbosus (Reld) Reld from whlch it is possible

to suggest dlfferences like the presence of crystals and smooth inner mtegurnentary

layer, unlike the fossils from the Prmceton chert. . o T

These new fossrl remains probably represent the tribe Nesaeeae and are cgsely
related to Decodon Froma blostratlgraphlc pount of view, thls Decodon frult is the
. ‘oldest descrlbed unwnnged sead of the A/atospermurerecodon—Mneme—Mlcrodlptera
alhance (Ti ffney 1881). Lythreceous carpologlcal remains have been thought to be

restricted to Europe and Asia. ln North Amerlca Tnffney (1981) reported the presence of

M/crodlptera donata (Holy) thfney from the Ollgocene Brandon Lngmte, Vermont. Other .

- North Amencan megafossul rernams are Décodpn Ieaves from the Mlocene Kenal Group
Alaska (Wolfe and Tanal 1980) Wolfe and Taneu l1980l noted the. probeblhty that N
- Myrtus oregonénsis Lesq. from the Maocene of Calufornle may represent a species. of
'Decodon and polnted out the occurence of the same or closely allled species in’ the
Mlocene Collawash flora of Oregon Wolfe lpers comm ) reports thet a Decodan-type
: leaf has been collected from the Tulameen Road localuty lAllenby Fm l near Pnnceton

' 3
B. C The pollen record of the fam:ly IS not very common in North Amerlca Grehem and

- Grahem (197 1l mentuon the presence of Cuphea from the Muddlf Mlocene of Alabama

¥ and Mexlco Thus lythraceous remauns in North Amenca ere more wndespread than

l‘. -
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previously expected however as the Prmceton fosslls lllustrate relatlonshnps to the
extant Lythrsceae requure further detalled study of extant genera '
) Comparlng the envuronmental condltlons of extant Decodon and those where
lfossll assemblages have been reported by Reld { 1920a 1927) Chandler (1960) and
" Dorofeev (1963) among others, the presence of Decodon plants in troptcal o - "
. subtroplcal env:ronments like, that represented at the Prlnceton chert locallty is well
supported _
In the large Iythraceous seed the presence of three mtegumentary layers raphe
‘ in- the middle mtegumentary layer and mlcropyle area with the three untegumentary Iayers
fits very well wnth charactenstncs of tne family Lythraceae described above o
The fossil Decodan sp. ns about one third of the size of thls seed and differs in
having sn outer lntegumentary layér composed of polyhedral, tangentually elongated cells
a more sclerotlc middle integumentary layer and an inner mtegumentary Iayer composed
- of small tangentlally elongated thlck-walled cells. The absence of mucllagmous hairs in .
- the outer mtegumentary layer precludes any relatlonshlp wuth Ammania, Cuphea, . ‘
Lythrum snd Pempms in the Lythracede (Corner 19763) .
Corner (1976a) reports the presence of a pahsade of rather wnde cells in .
Lafoens/a. &agersrroem/a and Pemph/s thus, makmg these genera dufferent from the .‘
'large Iythraceous fossll seed from Princeton. Accordlng to Comer (1976a) Lafoensia,
Lagerstroemia, Pempms and ‘Lawsonia have an mner mtegumentary layer composed of
: v_trachelds with Spll’ll annular scalanform or subretlculate thlckemngs Lythrum has
thlck-walled fibers wnth plts. and Ammania has thlck-walled cub'oidal cells unllke the s
iarge Iythraceous fossil seeds o ' | E )
For sorne seeds of this farmly no detalled descnptlon is avallable However
. Koehne ] (1903) general descrlptlon of genera can be used. Small seeds about the same

su;e as Deeodan or smaller. are reported for Rota/a L Woodarfia Sahsb P/europhara
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D Don Neseea Comm Heimla Link et Otto and Tetrataxis Hook f P/europhora can |

further be dlstingulshed from the large lythraceous fossnl seeds by the presence of
- dense secretory haurs on the outer untegument and Tetratax/s by its large size and

oblong shape The presence of wungs in the seeds of D/plusodon Pohl Physoca/ymma |

Pohl and Crenee Aubl ellrmnates these genera from conslderatlon Seeds wrth an outhne i
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rangmg from cnrcular to: ovond or subglobose are known for G/nona Jacq., Adenarla H

B K. and Gr/s/ee L., and cannot be’ compared to the pyrarmdal fossil seed

- Unfortunately, a descnptlon of the seed of Galp/ma N E. Br.is not avanlable thus

' comparisons-with the f035|l seed await work on the extant genus '

- In size and shape the Iarge Iythraceous fossnl seeds resemble. Lawsonla The
outer mtegumentary Iayer of both Lawsoma and, the large Iythraceous fossnl seed In ‘
surface vuew dnsplay polygonal to urregularly faceted cells. The main dtfference ‘between |
these two is in the structuretof the inner mtegumentary Iayer Smce thus layer has been
difficult to observe in the fossnl seeds, a final companson is needed when more fossns
, are found in the chert. Howaever, it appears that if the large. lythraceous fossil seeds dp ‘
not represent a fossil taxon related to Lawsonia, they are not far from one another

evolutionarily. ' - o oo



. Order ‘Flharnnales S o
Family Vitacese |
- ;‘Vi'taceae #1

o ' o Descnptuon “ :

‘Two seeds 2.5 mm x 2. 6 mm in transverse sectlon with well developed rummatnons are,

known from the chert Rummatlons dlsplay a W”~shape in cross section, with the central

arm of the "W bemg taller than the two lateral arms (Flg 82) The chalaza is located

,opposlte the central arm of the seed (Fag 82. o IR '

The mbtegument |s composed of five mtegumentary layers,. except at the chalazal

end. The first and outermost mtegumentary layer is composed of tangentlally elongated -

| cells 120. um x 26 um with dark contents (Flg 83 The second lntegumentary layer is.
| composed of thlck-walled radlally elongated cells Poor preservation of the seed makes
thns Iayer appear multlcellular however closer observatlon shows that it composed of a
smgle cell layer with unevenly dlstrlbuted dark contents [Fig. 85). The cells of this -
'second lntegumentary layer vary in size accordmg to thelr position; near the chalaza, .
cells reach 450 um x 45 um, whlle in'the |nnermost part of the rumlnatnon they are only
180 um x 18 um A thlrd lntegumentary Jlayer is compgsed of fibers with hehcal |
‘ th:ckemngs In the speclmen descrlbed here; ttf@vozll-preserved and wher present it
:is dlfflcult to dlstmgulsh The fourth mtegum'entary layer |s ‘not preserved Its presence :
is suggested by the space left between mtegumentary layers three and flve ‘At the '
chalazal end, between layers three and fIVB a space lS also present (Flg 84) The |

‘ mnermost and flfth mtegumentary layer |s composed of a single layer of tangentlally

‘ "elongated cells, 90 um x 34 um also wnth dark contents (Fugs 84, 85) No ndentlflable ' ‘ E

~ ‘endo __gperm or embryo tlssues are’ preserved

The chalazal area, develops as a penchalaza lt has a completely dlfferent - ‘. o

- hlstologlcal arrangement compared to the rest of the mtegument and is. composed of

| ;about 12 rectangular to oval thlck-walled cells 10-15 um m dlameter full of dark . .- =

g ‘contents At the chalazal end cells form a sllght protuberance (Flg 84) The central part ',. ; '-"

.. ‘:of the chalazal area ls ndt well preserved but was probably occupled by vascular tlssue
.f..},--(Flg 84) The lnner mtegumentary layer IS composed of clrcular to polyhedral cells 15

um to 20 um ll"l dlameter wnth walls almost 8 um thlck
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CVitaceae #2 '\\_ R - T K
L ' | Vo Descruptnon o o o L
- One ruminate seed ‘3.4 um x.3.6 um in dlameter wuth a well developed ”W -shape has
| ’beeh found The central arm of the "W".is sllghtly longer than the two lateral arms (Flg
. l 86) The chalaza is located as in other vntaceous seeds opposnte to the central and larger
~arm of the W (Flg 86) ‘The mtegument is composed of fuve layers except at the
: ‘chalazal end where it show three layers The first and outermost lntegumentary layer is
. composed of rectangular to polyhedral cells lO Bm- 32 um m dlameter with walls 3 um
* thick (Flg .89). The second mtegumentary layer is composed of thlck-walled polyhedral :
'to |sod|ametr|c cells. Poor eservatlon makes it dlfflcult to determme the exact number
“"of cell Iayers in thns Iayer however it appears to be 30 cells thlck at the tlps of the W
arms to 13 cells thick in the deepest area of the rummatlon (Flgs 88 90) A third
‘ ‘mtegumentary layer is well-preserved in some areas and. contalns a sungle layer of fubers
W|th hellcal thlckenlngs (Fig. 87). The fourth lntegumentary Iayer is not preserved but its
presence is lndlcated by the sp* left between mtegumentary layers three and frve The<
|nnermost mtegument of this seed isa smgle layer of tangentlally elongated cells wuth
‘ ‘dark contents 20 um x- 30 um in dlameter (ans 87 88) No endosperm or embryo
4|ssueshavebeenpresewed R e S L A .k L
' . The chalazal area, that develops asa perlchalaza has a dlfferent hlstologlcal | N ’f‘»
| arrangement compared to the rest of the seed Poor preservatlon wull not allow a S
.detalled descriptlon however it is possnble to say that’ |t lS leldBd lnto at least three o
' layers (Flg 86) The flrst layer has cells sumllar to these of the second lntegumentary ,
, layer in the rest of the seed The area lacklng tlSSUB (represented by a space) represents o
posltuon of the raphe (Flg 86) Next to thls raphe a band of dark tlssue wnh dlfferent -
' :.hlstologlcal orgamzatlon from the prevnous two Iayers is present ' |
. Viacese#3 ST
.o | ‘(‘*. ‘,‘&“, - S Descnpnon Q : ‘ " “ : .
AOne seed 45 mm x2 mm wnth a sllght W" "shape in transverse sectlon |s known from

L the chert Rummatlons cannot be seen ln a slngle sectlon due fo. the obllque onentatxon

.fof the sectnons (an 91) The seed is broken‘on tl”w'e chalazal SIde and along one of the ;
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lateral arms. The two lateral ‘arms of the "W are someWhat larger than the central arm,

that is ve'ry ‘wide. A“‘wide chalaaal area is Ioca'ted,opposite to the central"arm'of the "W~

-~ Fg.9n. -

| The lntegument is: composed of five layers except at the chalazal end Where it’

has fewer The first mtegumentary layer has rectangular to polyhedral thmwwalled cells

" The second lntegumentary layer is composed of four to slx more or less rectangular

thlck-walled cells 35 um in diameter wnth large lumens (Flg 93) A third mtegumentary .

layer contalns flbers with helical thlckenlngs Slnce sectlons are obllque it'is dlffncult to

. estlmate the actual number of cell'layers in thlS part of the untegument but it IS certalnly

multllayered (Flg 92) In cross section, these flbers appear to be two or three cells,

_ wnde ‘!ﬁlclcwalled 1) uml and tend to be cnrcular m outllne {Fig. 93) The fourth

| mtegumentary layer is not preserved lts presence IS suggested by the space left

‘ .between layers three and five. The mner-most and fifth mtegumentary layer of this seed'

is composed of radlally elongated sclerelds 150 um x- 70° um'in dlametqt”(Flg 94). In the

seed cavuty fragments of wregularly-shaped cells contammg trachelds with helical’

. thlckemngs are preserved (Fig. 95). ' o '

The chalaza end of the seeds is sllghtly broader than the rest of the seed but o

does not form an extensive perlchalaza as in the other two vitaceous’ seeds Three L
,:dlfferent parts can be dlstungulshed The outermost Iayer contalns cells (enght cells thlck) .
slmllar to those of the second lntegumentary layer The second part of in the chalaza is ',

occupled by a space representlng the raphe area Thls part is surrounded by cells |

, snrmlar to those of the secondantegumentary Iayer Fmally, the thll'd part of the chalaza

‘ 'has small oval to polyhedral cells arranged ln two to three rows These are followed by o

E cells of the thlrd mteguntentary layer . i’ ‘ ' "

Duscusslon

,Studles of seeds wuth rumlnatnons llngrowths of the lntegumentl were flrst carrled out N

ff,_by Gray l1879) and later by Perlasmay (1959 1961 1962a 1962b 1966) Smce then‘ i

jthns mtegument type has been reported |n 30 fam:lles of dlcotyledoe s, three fam:hes of . e

g monocotyledons and one gymnosperm lPerlasmay. 1959) Slnce the*three seeds
descnbed here show deflmte mgrowths or mfoldmgs of the mtegument the .

7‘{_|ntegumentary tlssue ls more than one layer thlck and the nnteguments are not
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'vasCuIarlzed m the area of lngrowths these seeds can be said to have the ”Annona type
of rumlnatlon (Perlasmay, 1962bl Wlthln thls group Perlasmay (1962b) llsts elght
‘fammes Annonaceae Anstolochlaceae Deger—\;rlaceae Dlpterocarpaceae Ebenaceae
‘Menlspermaceae Vltaceae and Palrnae Slnce the seeds have two rurnlnatlons one at
) ‘each side and m front of the raphe and they are perichalazal, they are SImllar to seeds
of the Vltaceae Thelr lntegumentary structure strengthens thls relatlonshlp '

“ Annonaceous seeds arg bltegmlc or trltegrnnc (Corner 1949) In these seeds the ' |
' area correspondmg to the second lntegumentary layer is composed of cuboudal radlally |

vy

elongated or shortly elongated thln-walled cells (Corner 1976al Furthermore the area
occupled by mtegumentary layers three to. five is multlcellular in the Annonaceae (Corner
1976a) In publlshed descrlptlons of annonaceous seeds by Netolitzky (1926bl Comer
“(1949 19763 1976bl and Perlasmay and Swamy (1961) the number and onentatlon
the rummatlons in the Annonaceae dnffer from those m the fossnl seeds. _ R
Corner (1976a) descnbed the area occupled by mtegumentary layer two in seeds

- of the Anstolochlaceae wuth cuboidal to radlally elongated cells that have thin or .

s varlously thlckened pltted and llgnlfled waIIs even as a compact pahsade He also |
llndlcated that anstolochlaceous seeds are not penchalazal unlike the fossll seeds |
descrlbed here Degenerlaceous seeds are composed of a pahsade of radlally elongated
cells and clusters of two to 10 resm Cells opposlte the rumlnatlons in the area occupled

" by mtegumentary layers one and two of the fossil seeds (Comer 1976a)

- ln the famlly Dlpterocarpaceae the presence of extenslve vascularlzatlon elther in
the chalaza in the topographlc area occupled by layers one and two ln the fossll seeds ‘ "
or ln both areas, suggests the presence of pachychalazal seeds (Corner 1976al whlle . i

* ‘g‘the three fossul seeds are perlchalazal seeds ‘ :

‘ Corner (1976al reported that seeds of the famlly Ebenaceae have three o

- amtegumentary layers: and are not perlchalazal makmg them dlfferent from the foss:l

) seeds The Menlspermaceae generally have curved seeds w1th unspeclallzed and crushed

: ;nnteguments. Sometlmes only the area occupled by lntegumentary Iayers one and two of

B "the foss:l seeds are found in the memspermaceous seed lf perslstent at maturlty thls |

‘area IS composed of a layer of tabular cells wnth thm llgmfled walls, thus the fOSSll

i

. v""seeds have a dlﬁferent anatomlcal arrangement

et .
" i i ! i RN H A N " :
: , - . el v . A e ' . A



Vaﬁ'ﬁl’tm (1970l descrlbed two lntegumentary layers in palms the outer one
‘compoeed ol‘ splndle-shaped cells and the mner ‘one composed of lsodlarnetrnc to ‘
B sllghtly elongated thln-walled cells contamlng plgments lyellow-brown contents) unllke

‘the three fossil seeds : - o - R (

: . Fi nally aeeds of the famnly Vltaceae are perlchalazal have flve mtegumentary
| leyere and one to three rummatlons mfoldung OprSItB and lateral. to(me chalaza lBerlese
- 1892as, Perlasmay 1962a Corner 1976a) The first integumentary layer (sometlmes
called sarcoteata) is. composed of thm-walled cells that may collapse at maturlty The ;
. second mtegumentary layer (sometxmes referred to as endbtesta) ls woody and two to
' 8ix celle thick or more near the base of the rephe The third mtegumentary Iayer |

referred tc by Comer (19768) as outer epudermal tegmen ‘consists of a compact layer

" of short, tangentnally elongated llgnlfled trachelds with splral thickenings. Perlasmay o

l1962al states that mtegumentary layer number four contalns cells that durmg early

development undergo sllght radlal elongatlon and become rich ln contents but become N

.com;:letely crushed in the mature seed and eventually dlsappear He also rnentlons the

presence of abundant tannms in mtegumentary Iayer number flve Thus, anatomucally the \ :

\

‘ three foesll seeds appear to be typlcal vntaceous seeds :

Anatomlcal studles ot\ vstaceous seeds go back to at least the 1880's (Portes and

Ruyaeen 1888) However it was not untnl 1892 when Berlese (18923 'b) reviewed of
aome genera end specnes that an accurate descrlptuon of the lntemal features of these
seeds was, made Later Netchtzky (1926b) also added to the knowledge of vltaceOus

- ‘;seeid anatomy More recentlyy Perlag\
;\theee eeeds threugh 2 developm\entalsmd )

,::‘ 'deecribed eeed anatomy and development of Cyphostemma (Planch ) Alston (placed m

' §623) ccntrlbuted to the understandlng of
‘\of various genera Nair and Baj_aj l1966l : _'

4,__.‘

'1 synonymy wsth CissusL by Sussenguth 1953l Funally Vadghan (1970) dISCUSSBd Vms ~ '

; L seed anatomy and Comer (19763 1976b) surqmanzed the structure of the genera
,._.V,Ampeloc/ssue Planch Ampe/ops/s L C Rlch Cayr‘atla Juss Clssus L Cyphostemma

f\lPlanch ) Aleton Leea L., Parthenocissus Planch Tetrastlgma Planch and Vms L The e

followmg cempanson |s based on these works, however smce lnformatlon is. not

f"‘»,l"avallable on the genera Ptensanthus Clemat/crssus l.andute/a amnar/a and Ra/c/ssus,f

E :'lt muet be clear that any concluslons must be prellmmary and fmal results need the

o "‘- P \ \'v EE N
R N N o
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compllatlon of lnformatlon on these genera ‘ "
Accordmg to Perlasmay (1962a) the extent of perlchalazal growth and related . N :
hange in the: posmon and shape of’ rumlnatlon mgrowths as well as the dlstrlbutlon of . o
raphldes in the mtegument and the number of layers in the mechamcal tissue smive as: |
‘ characters of taxonomlc value ’lt is clear that by lookmg at the final shape and posmon
; ‘ of mgrowths that the seed described as Vltaceae #3is dlfferent from the remalnlng
. two seeds In addmon lntegumentary layer two that forrns the mechanlcal Iayer of the .
mtegumentary tlssue of Vltaceae # 3 and Vltaceae # 2 is composed of slmllar kinds: of .
cells in both seeds ‘even though they have markedly dlfferent numbers of cell layers.
leferences between Vltaceae # 3 and Vltaceae #1 seeds are the aumber of cell layers ‘,"
 as. well as cell shape of lntegumentary layer two. B |

‘.««“

' Comparlng Vltaceee # 1 and Vitaceae # 2 seeds it becomes evudent that some \i
dlfferences are present in shape and posmon of the lngrowths However these . ‘
dlfferences are not as notable as between seeds types one and three The second

; mtegurnentary layerf in both seeds is dif ferent in number of cell layers and cell shape
Therefore these three seeds probably represent dlfferent taxa. o ‘ o

The Vltaceae #1 seed has an outllne in transverse sectnon sumnlar to that shown
for V/t/s and C/ssus by Perlasmay (19623) However drawmgs of Parthenoc/ssus by
Berlese (1892b) more: closely resemble this fOSSII seed They are even slmllar m the'. |
Iength the central arm of the “W" con;pared to the lateral arms. Even arm shape in o '
Berlese s (1892b) flgure 46 looks ldentlcal to those in the fossll seed Tlffney and .
Barghoorn l1976) however noted the degree of morphologlcal varlablllty w1thm the ] . :
seeds of modern Vltaceae and stated that shape and rnorphology of seeds from the v '.
same source plant can be mfluenced to a remarkable degree by the number of seeds per )

; frult . L | ' ‘ : ;

‘, ' The lntegument that most closely resembles that of Vltaceae # 'l ls that of

| ‘Tetrast/gma Planch that has three or four sllghtly radsally elongated cell layers and

Ampeloclssus Planch wnth one or two layers of sllghtly radially elongated cells l%rther

compansnons o ;,;' L 7; i =‘ﬁ,v“:,, ‘ g
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' .modem species Klrchhelmer(1938 1939 1957) estabhshed two form-specles Vitis

{13-30) 'and those of Clssus (3-5) and Lees (4-5) is markedly different.

45

T g~
2

The Vitaceae # 2 seed also has an outline in transverse section similar to Vit/s fx
L ' .

. and Cissus. In addition, the length of the three arms of the "W" closely match that

reportéd in Periasmay‘s (1862) figure 25 of Cissus, but the general outline looks more

like Vit/s (Perlasmay 1962b. flg 22). Integument hlstology is very similar to C/ssus L.
and Lesa L., especnally the second mtegumentary layer. Thls\eyer in the fossil seed
contains slightly rounded to rectangular cells in a»pahsede with the cells abufting

»

integumentary layer 1 mber one being slightly larger, Cissus and Leea have this sarn»e

l feature however, the number of cell lay€érs in this lntegumentary zone in the fossil seed

The Vitaceae # 3 seed has an 0utllne in transverse &z sction similar to Cayrar/a v
Juss. as illustrated by Peruasmay (19628) and some resemtlance to. Ampe/ocissus Planch
as lllustrated by Berlese (1892bl Unfortunately the sections of this seed are oblique, .’
makmg comparlsuongmifflcult Comparing the second integumentary layer in these three
seeds;: the fossil seed is seen to have four to six layers while Cayratla has two cell |
layers and Ampe/ocissus has one or two cell layers ln the fossil seed, mtegumentary
layer number three is consplcuOus, and multicellular while in the extant genera it is only

one cell layer thick. - e : .

Titfney and éarghoorn (1876) noted that vitaceous seeds are well represented in

-'the fossil record. They list more than 116 published reports of seeds ranging in age

from lower Eocene to Pleistocene. The most frequent genus reported is Vitis (56%) and
ths remainder include: Amggopsis Ampé/ocisSus Cayrati'a Parthenocissus and
T etrast/gma Recognmén of alarge number of fossil vutaceous specnes from a s:ngle

e\‘H

assemblage by Chandler (1861, 1962) who descrlbed 21 speeies from the London Clay
and 18 fro‘m‘ the Pipe Clay of southern England is partly believed to represent

' ontogenetlc phenatic and preservatlonal varlatnon (Tiffney and Qarghoorn 1976). it is

lmportant to mention as Klrchhelmer (1938, 1939 1957) pomted out that it is not

) always possnble to asslgn fojsﬂ seeds to modern species, thclugh they may be related.

The large number of descnbed species probably reflects a more diverse vitaceous

assemblage in the past. Because of thls diversity and the inability to distinguish between

f

tau_toma!A. Braun that includes all vitaceous'seeds with a smooth surface (C/ssus,

3
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Parthenpcissus,_Vitis subgenus V/t/s, and some Ampe/opsl's), and V/tis ludwigil A.

‘Braun that includes vitaceous seeds with a furrowed or rugose dorsal face (Tetrastigma,

Ampelocissus, Vitis subgenus Muscad/nia and some Ampelopsis (Tiffnay and

Barghoorn, 1976) Comparmg‘the three fossil seeds to Kirchheimer's. (1938 1939,
1957) form-specnes it seems M Vltaceae # 1 and Vitaceae # 2 seeds would be

referred as V/itis teutonica while Vitaceae # 3 seed would be referred as V/t/s
\ . \

,/udW/g//

Tlffney and Barghoorn (1976) however did not accept this scheme stating that,

v

indeed, it was posslble to determins extant materlal to genus and sometimes to species

levels. So they followed.other authors like Krausel (1820), Miki (1956) and
e ! ; )
Lancucka-Sfodoniowa {1966) in identification to the most similar modern genus, and

'

where possible species. '

The Princeton vitaceous seeds show that by the Middle Eocene at least some
vitaceous seeds were different in internal ai¥itomical characteristics when compared to
their extant relatives. Tiffney and Barghoorn i(] 976‘, figures 16 andl 12} illustrated
integuments tha'tthey refer to the genus Vitis. However, if these illustrations are
compared with the description and ilrlustra.tio'ns of extant genera by Berlese (1892b),
Negolitzky (1962b), Periasmay (1962a) or Corner (1976a. 1876bl! it is not possible to- -
accept these two seeds as members of the extant Vm?complex On the other hand,
Kurchhelmer (1938) shows) two photographs of fossil vitaceous integuMments wnth a more
s:mnlar orgamzatlon to that seen in the extant genus. Nevertheless fossnl seeds seem to
have to many cell layers when compared to extant matenal The following questtons still
remain: 1) To what exterit does integumentary anatomy reflect taxonomic variability ? 2)
Is seed external morphology more suitable than internal anatomy for, taxonomic |

pureoses? ‘and 3) Were vitaceous seeds actually more diverse during the Eocene? Or 4)

are the dnfferences cnted merely preservatuonal blases7

Netohtzky (1926b) and Corner (1976a).discussed the advantages of using

. integument anatomy as a taxonomical tool. Both agree ‘that it is in general a very useful

" tool in taxonomy. Howevers-they pointed out that the use of integument anatomy will ’

vary with the family-in question. For example, the taxonomy of.the family Nymphaeaceae
is Ibased mainly in integument anatomy. but the families in the order Malvales are almost

o

T
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imposéible to distinguish using only integumént anatomy. With'réépect io.the. family
Vitace‘ae, both agree in that integument anatomy Is a very useful taxonomiq tool. This is
re-enforcyedby the developmental study of‘ vitaceous seeds done by Periasmay (1962al.
Tiffney and Barghoorn (1976) noted, as stated above, that shapé and morphoiogy of
seeds from the same source.plant can be influenced to & remarkable degree by the
number of seeds per fruit. Thus, seeds with éimi|‘ar external morphology need internal
anatomical investigation for a correqt determination. The présehée of three new seed
types at Princeton adds to the diversity of the Vitaceée during the Eocene, thus
supporting Tiffney and Barghoqfn's (i976) suggestion .that this family was much more

diverse in the past.



s L. Class Liliopsida . , B
1t ’ : . ' o

A. Subclass Arecidae

Order Arales

Family Araceae
Tribe-Lasioideas /Monsteroidege .
. Description
The seed descrlbed here is the most conspicuous type in the Princeton chert. Huhdreds
of dlspersed seeds occur. Unfortunatel;l no clezS evudence of a frunt was found. Seeds
are occasnonally arranged in clusters with some su rounding tlssues suggesting fruut wall

but this strycture could not be confirmed. .

N * Seeds are spiny and reniform in |ong|tud|nal S ctlon (Fig. 97) The mlcropylar
region in longltudlnal sectlon is elongated and narrower than the rest of the' seed {Figs.

96, 97) The chalazal area is also narrower when compared to the central part of the
seed cavuty but is rounded at its base (Flgs 97, 106). Te raphe is Iocated between the .
,mucropylar and chalazal areas in the concave side of the seed, the hllum is next to the
micropyle. Vascular tissue in, the raphe is represented by \I.SChOIdS with hehcal _
micltenings {Fig. 111). In most seeds the raphe is represen ed by a lighter colored area
or it is not preserved at all ll=igs 87. 100).-In transverse section the seed shol}vs spines
and ridges, and either one, two or three circular to oval lntemal cavmes dependlng on’
the plane of section. If the seed section is cut above the raphe area a smgle more or .

‘ less oval cavuty is seen. (Fig. 98). As the sections near the raphe area the cavnty changes
in outline from oval to a figure elght {Fig. 99). Flnally if the sectlon crosses the raphe,
three mdnvudual cn'cular to oval areas will appear The central one represents the raphe, It
is larger and more oval than the two lateral ones. that tend to be curcular Fig. 100l One '
of the clrcular areas represents the mlcropylar area, the other the chalazal area. Seeds

are reflexed almost l40° and measure 2 mm high, 3.5 mm wide, and 1 mm thick. The

Iength of the splnes varles the larger Qnes are about 0 8 mnf long whule the smaller
ones look Ilke small protuberances about 0 1 mm Iong (Flg 96 97 89). Morphologlcal
vanatnon is very common in the spine morphology of these seeds Theee can vary seed

by seed or wath the plane of sectlon In three dlmenslons seeds are symmetncally to

<
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alightly aeymmetrically reniform, th'e' surface-has spines and ridges that tend to be-in

paraliel rows on the convex side of the seed

”

All integumentary sclereids are rnorphologlcally slmllar in appearance howaever,

they are divided into lnner and outer layers according to cell characterlsttcs The inner

layer has thick-walled cells.- 15 um in a diameter, gnd is less conspicuous than the outer

‘layer that is composed of thin-walled cells with a dlameter of 23 um. Cells in the raphe,
area have even thinner cell walls (1.5 um) and, larger diameters (27 um) (Fig. 109). Cells
" of both, the inner and outer integument are finely4 pitted. and tend'to be arranged-in
radial rows (Figs. 99, 100. . . ‘ " | ‘ L .‘ "

- The outer layer of lntegument has scattered cnrcular to oval Iyslgenous spaces
| covered by a cutlcle (Fig. 10 1) that may represent raphide sacs like those described in
Plstlae L. lAraceae) (Friis, 1985). They are sntuated near the perlphery of the seed, mostly
between splnes and rldges The mlcropylar apex is dellmlted by a smgle layer of
thln-walled intagumentary cells, that form a ¢onvex pyramid-like structure (Figs. 102
104) The mloropyle proper is a small apermre at the tip of the pyramid-like structure
‘.lFug 104). o N { - . L

Nucellus is present inside the integument and is fused alm.ost" all the way to its
apex. Nucell'ar cells are rectangular 98 um x "67 um (Figs 103, 107). At the chalazal ¢
end the nucellus in most seeds is three to four layers thick lF-’ ig. 106); it thins toward
-‘the raphe lFlg 103). At the micropylar end it is free from the integument lFlg 107). In
most seeds nucellar cells appear without contents wnth a well defmed outiine; however
at the mlcropylar end, they are sometlmes crushed and appear to have dark contents
Figs. 104, 108). o o '

The endosperm is represented by nearly cubondal cells laveragmg 17umx 17 um

Cox 12 um), that are full of dark contants (Figs. 105 108). The central part of the seed’

. cav:ty us occupled by a monocotyledonous embryo Most embryos are represented by
cells wuth brown contents ang 108) others are mvaded by fungal hyphae Fig. 98). Few

of them show a clear cellular pattern lFlg 110). In a seed transverse sectlon the embryo

: shows 8 smgle cotyledon shoot apex and robt apex reglons lFlg 1 10) The shoot apex .
- 'ls located m 8 notch at the' level of the cotyledonary node lFlgs. 1 12 1 13) The cells of

’ the notch at the cotyledonary node are rectangular in outlme (Flg 1 13) The hypocotyl

i

r
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shows protoderrn ground ;tissue and vascular tissue. Vascular tissue in the hy.pocotylv
contams tracheids with hellcal thlckenungs (Flg 115). The root apex is surrounded by
..rectangular cells of the root cap (Flg 114). Where cells of the cotyledon are preserved |
- they appear rectangular (Fig. 1 15l. l
| o Discussion
. Thus fossil campylotropous renlform seed, bearung spines and rldges with an‘
lntegument composed-of thick and thin walled sclerelds in parallel rows, IySlgenous
spaces that may represent raphude sacs. and a monocotyledon0us embryo, clearly
belongs to the farnily Ar.ace’ee. o
~ Studies of the family Arac'eae began during the middle 1700's (Engler 1920a) -

Since then a great amount of llterature has accumulated; however, new mformatlon is
still adding |mportant knowledge to the biology of the family. In recent years anatomlcal
contributions by French (1985a. 1985b, 1986) on patterns of the endothecial wall. |
thuckemngs, French and Tomiinson (1980 1981a 1881b, 1981c, 19814, 1983 1984l
_on stem vasculature and Grayum (1984) on palynology. have been lmportant in
reevaluating the classification scheme of the famnly Other tmportant recent works that
creste a more’ complete concept of the farmly are those of Hotta (197 1 who discussed
the general features of the family, Blanc (1977a. 1977b 1978 '1980) who dlscussed
_ the patterns of branchmg stems of the farmly Madlson l1977l who revnewed the North
Amencan genera and Madison and Tuffney (1978) who dlscussed the'tribe Monsterae
Based on thls new information, Grayum (1984) and Bogner and. Nlcholson (1986) have | o
proposed some changes to the classlflcatlon P e
‘Al of the works mentioned above were based malhly on observatuons of extant '
-'plants The. araceous fossil record isa Iarge one nevertheless not all reports arenow .
accepted as valld ones lCrepet 1978 Mt‘lller 1981) The pollen record of the famuly

| (T rlbe Monsterae) goes back to the Upper Mlocene, (Mﬁller 1981) on: the other hand
'.the megafossnl record of the famlly shows that seeds of the tribes Monsterae, Laaleae ,
“and Potholdeae and subfamuly Plstoldeae were present by the Ollgocene (Reld & Reid,
N 191‘5 Nukltm l944 Dorofeev 1958 1963 Flasky 1964l and that leaves of the trlbe
Phulodandreae and spadlces of the trlbe Acoreae were present by the Muddle Eocane "

. - s .
anlcher and Daghllan.}1977 Crepet 1978) T . L



Studnes on seed anatomy and morphology began in the middle 1800 s, but they
,focuaed more on embryologlcal aspects Engler ‘(‘1905 191 1, 1915, 1920a 1920bl

Englec and Krause (1908 1912, 1913 :1920), and Krause (1908, 1913) gave a general-

' 'descnptlon of the seed at family and subfamlly levels wnth speonflc comments at the
level of genus and specnes They also used the absence or presence of endosperm as a

‘. generlc character Slnce then no comprehensnve work has been published on seed
anatomy and morphology but some isclated descnptlons are avallable Buell (183%)
deecrubed the seed of Acorus and Madison and Tlffney (1976) revuewed the morphology

and fossil record of the seeds of the tribe Monsterae More recently, Friis (1985)

characterlzed the frult of extant Araceae as in general a. berry with one to many locules )

Seeds, are anatropous campylotropous or orthotropous with one to many in each

. "locule (Frins 1985) Seeds are bitegmic, usually w:th well developed Outer integument,

" and many genera have raphlde sacs. The mtegument may be smooth rugose or spmose
and most cells of the integument tend to be lsodlametnc to polyhedral however some
- are elongated mth flnely pltted walls The number of. lntegumentary layers varies from
two to three in d:fferent genera | | o e

| - At the subfamlly level; the presence of splnes and ndges on seeds, allow

~ inclusion in: elther in the Monsteroldeae or in the Las:oudeae By usmg only external. -

: characters to dlstmgulsh seeds with the above characterustlcs Knrchhenmer (1 957) and

_'Dorofeev l1963 1970) had great difficulties due to slmllantles with some seeds of the :

Legumlnosae and Malvaceae Madlson and Tlffney ( 1976) dISCUSSBd this problem ln »
L
[

'relatlon to the cllmatlo afflmtles of the floras assoclated wnth the fossuls
Madlaon and T‘ffney (1976) noted that from the twelve Tertfary spec:es

| attnbuted to the Monstereae based on seeds. only four were actually asslgnable to, this o

_.subfarmly lEpipremnum crassum Fleld & Reld E ornatum Reld & Chandler E. uralense

: 0 Dorofeev, and Ep/premnum sp Reld & Reld) From the remalmng speoles three were

: asslgned to\tQ subfamuly Lasloldeae lE cristatum Nukmn E. rugosum Dorofeev and E
= vlsimense Dorofeevl one to the subfamnly Potholdaae (Araceltes hungaricus Rasky) and
.‘,_'J’the remalnlng taxa were referr.ed to as of unce:tam afflnlty A, par/slensis Frltel A

' ::fritelll Berry Acoropsls minor Conwentz Cytospermites Iurdwe//ensrs (Chandler)
Bogner E remculum (Ludwmg) Klrchhelmer Ep/premnum sp 3 leltln and '

R L}
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. Aracispermum“'Nikitin ‘Thls division of the fossil Monstereae lsehSu /ato) makes it clear
' that since spmy seeds belong to the subfamlly Laslondeae tha fossnl seed described’ here

| .would be placed in thls same subfar'mly ,

"The seed surfaces of extant specues of Ep/premnum and other Monstereae N
genera are generally smooth or slightly rugose or cristate (Madnson and Tnffney 1976).,
In Rhodospathe the seed is verrucose or cristate: however, its small size, the unlformlty '
of the verrucae and amount of curvature of‘ the seed. dlffer from the fossll seed

described here. ' | |
_ From the seed descnptnons of extant spectes of the subfamily Lasnondeae by
Engler (191 1)itis clear that Cytasperme and Dreconttozdes are the only. other genera
" with splny seeds Gregor and Bogner (1984) lllustrated a seed of Urospatha .
saggmlfa//a (Rudgel Schott with spmes Among the specnes of Cyrtosperme some have o
well developed splnes ar:ld ndges fe.g. C. senega/ense lSchott) Engl C lasioides Grlff)
others have a very |rregular seed surface (C americanum Engl ), and stlll others are
almost ‘smooth (C. edule Schott) The monotyptc genus Dracant/a/des {D. desc;scens
lSchott) Engl.) shows well-developed spmes and rldges however its current geographlc

dnstrlbutlon restrrcted to the southern part of Brazil, and scarce fOSSI| record weakens
but does not exclude. any posslble relatlonshlp with the foss:l seed A stmular sttuatuon is
'present with Urospatha, that is found from Mexlco to Brazll N :

The fOSSll seed most hkely represents a member. of the subfamlly Lasuondeae and"

can be Cl&SSIled ln the trnbe Lasteae ln order to confarm this’ taxonomtc determlnatlon ‘

” 1 secttons about - 10 um thtck were prepared of seeds of several spectes of p

E plpremnum Cyrtosperma and Rhodospathe Unfortunately no seeds of Dracontimdes .

, and Urospatha were avallable for comparusnons (T able 1. In Epipremnum and :

o ‘Cyrtosperma the centr,al part of- the seeds |s occupned by a monocotyledonous embryo

| -that ls surrounded by endosperm w:th dark contents These tnssues are surrounded by
R nucellar tnssue that l$ composed of rectangular cells and attached to the lntegument for
',_:‘most of lts length The mtegument is composed of |sod|ametnc to polyhedral sclereuds . -
‘ !Two types of sclerelds can be dlstlngwshed Sclerends Wlth thuck walls and small lumens
» ,occupy the mner part of the lntegument whlle thm-walled cells wsth larger lumens S

occupy the outer part of the mtegument lsoduametnc raphlde sacs are scattered in the




N SR B3
© outer mtegumentary Iayers Some areas of the inner lntegument are composed of
elongated sclerelds The raphe area IS composed of large polyhedral thm-walled cells
o 'and conaplcuous vascular tlssue The posmon of hilum in.relation.to the mlcropyle and
the curvature of the nucellus makes these seeds campylotropous ' .
o The seed of Rhodospath; is composed of two integumentary Iayers with raphlde |
" sacs in the outer mtegumentary layer However the lnner mtegurnentary Iayer lS |
composed of a slngle layer of thick-walled cells and the outer mtegument contams about

6 cell Iayers The mduvudual cells are rectangular to quadrangular in shape and the g

* ‘raphli'_v sacs are not cnrcular but rectangular in outhne Raphe cells are thm-walled and
-rectangular to oval in outlme Thus Rhodospatha is very dnfferent from the fossnl seed 3
_Nucellus endosperrn and embryo are similar to Ep/premnum and’ Cyrtosperma '

‘ The mteguments of the three genera are very similar, fitting within the famlly
diagnosis; however "when compared to the foss:l seeds from Prlnceton Rhodospatha is ’
qulte dlfferent On the other hand the Ep/premnum tntegument has a smgle outer layer

, that can be dlfferentlated easlly from the rest of the tsodlametnc to polyhedral cells of

; the lntegument Thls mtegumentary layer is not so consplcuous in Cyrtasperma Another .

‘ dtfference between 'these two genera is the fact that Cyrtosperma has a- hlgher degree B
s ‘of reflexlon than Eplpremnum The absence of a consplcuous slngle outer layer in the
“fOSSll seeds polnts toward a relatnonshlp wnth the Laslondeae but the curvature of thee

seed Iooks slmllar to Ep/premnum (Monstereae) The presence of elongated sclerelds in

gthe mtegurnent of the two llvmg genera and their absence in the fossil seeds is'a

T

l‘;

sigmflcant dlfference SURAINREEI ‘
' Thus the fossnl seed probably represents a new araceous genus w:th an - '7, .

: |ntqgument slmllar to both subfam:hes Monstereae and Lasnoldeae Itis more closely

) related to the trlbe Lasleae, but cannot be lncluded ln any lwmg genus. Gregor and
Bogner (1984) rev:ewed ldentlﬁcatlon problems of fOSSIl Monstereae-Lasloldeae see% ;
- ‘_They recogmzed three groups Thelr "ornatum" and crassum" groups are smnlar to the o
. Epipremnum asslgned to the subfamlly Monstereae by Madlson and Tlffney [ 1976)

' whlle thelr crlstatum group reflects the L-‘pipremnum species that have been asslgned : E
f‘to the subfamlly Lasuoudeae In thelr "ornatum" group they made a new comb"qatlon :f-_ ,
Eplpremmtes ornatus (Reld & Chandler) Gregor & Bogner In thetr "crassum" group they |




= also made a new combmatlon Scmdaps/tes crassus lReld & Rend) Gregor & Bogner '
; Flnally they related the crlstatum group not only to: Cyrtosperme but also iy
Dracont/o;des and Urospatha They also added two fossnl seeds to thls group E
‘ awmontanum Gregor and Urospath/tes da/gasu lHartzl Gregor & Bogner The
relatnonshtp of the fossil seed dlscussed here and Urospatha or Dracont/o:des is not \
strengthmf ts actual geographlc dnstnbutlon in troplcal Amerlca from Mexico to’
‘Brazil. ) , ‘
| f The. study of araceous seed compresslons has reached : an acceptable status:
- however there’ stlll much to be done. As Madlson and Tlffney (1976) pomt out. there is
: great possubullty to find sumllar seed morphologxes |n groups‘unrelated to the. Araceae
: Ktrchhetmer (1957) noted the slmllarlty of seeds of Ep/premnun to'those of some *.‘,1 ;
-species of the Legummosae and Malvaceae Regardlng this problem Tlffney (1985,
pers. comm. ) dlsagrees wnth some araceous ldentifncatnons from the Late Mlocene and -
‘Phocene of Europe and Western Russla By that time these areas were too cool for |
troplcal to warm temperate Eplpremnum seeds. T»hus Tlffney belleves that what we call .'
"Ep/premnum” in the fOSSll record really mcludes two quite’ dlfferent taxa and. that the ’
- cool climate fossuls perhaps belong to othes families. Slnce the fOSSII seeds dlscussed
"here come from 3 fossnl Iocallty lnterpreted as troplcal-subtroplcal thelr classuflcatnon
‘ ’wnthln the Araceae is reasonable Seed anatomy conflrms it. |
‘ Unfortunately, untll now only seeds preserved as compresslons except for the

‘ report of Bown et al. (1982) for wh|ch anatomy has not yet been descnbed have been '

o reported Seed anatomy is an |mportant taxonomlc tobl that can help in understandmg

- 'relatlonshlps between d:fferent seeds and the plants that bore them The seed descrlbed e )
ot here- can be’ traced taxonomlcally to the trlbe Lasleae but llttle can be sald about uts .
posmon when compared wuth other fOSSll remform spmy seeds except that lt may be

B related to Eplpremnum cr/statum leltln due to the presence in the dorsal and lateral

faces of parallel ndges capped wuth strongly protuberant spmes However lt is eesentlal -

o _‘;‘.to know the anatomy of E. cr/statum seeds |n order to assess any relatlonshlp

The problem of the relatlonshlps between the Monstereae and Lamoldeae lS not

restructed to seed anatomy French (T985a 1985bl found that the rnost common pattern:

BN ’*"‘."of endothecual wall thlckenlngs |n both subfamllles are the hellcal thlckenlngs
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o

'Furthermore he found that the pattern of endothecnal thlckemngs in the tnbe Lasueae

most closely resembles that in Monstera (Monsterondeae) and Heterops/s lPothoeae)

) French (1986) dlso found that stamen vasculature in vurtually all Monstero:deae as well as '

: ‘m the’ Lasnoudeae (trlbe Lasueae) consasts of a smgle unbranched vascular bundle Grayum -

) (1984) based on palynologlcal analysts strongly supported the separatlon of the tribe

Lasueae as a separate subfamlly Thls suggestton is supported by French (1986) on the

basts of the large dlfferences between the dloec:ous Las:eae and the rest of the.

' Lasloudeae that are monoecnous The acceptance of this change depends on the belnef

that prevnously u$ed taxonomlc characters such as, s:mnlar;tnes in leaf and stem

' morphology and venatnon are superfucual ones.

To date, the genus E p/premnum (either Monsteroudeae or Las:ondeae) has never

| been reported from Eocene deposits The oldest known aoecimens, this far, are from

; overlooked in North Amenca (Eyde, 1972 Madnson and Tlffney 1976) Thus the

the Ohgocene of the U. S.S.R. and England Moreover |ts fossil. record is restrlcted to )

Europe and Asia. Some authors have suggested that some types of seeds have been

presence of this seed in the Mlddle Eocene Allenby Format:on changes the o

o blostratlgraphlc and blogeographnc concepts of the group ‘at least of those seeds’ .

' referred to the tribe Lasleae With this lnformatnon |t |s not surpnsmg to fmd by’ the

Mlddle Eocene a seed tl@t can be referred to the Lasleae at the same tlme has

P

8 'Phi/odendron

Monsterondeae affmmes lts presence |n these sedtments supports Crepet s (1978)

suggestuon that the famnly Araceae radlated in the Late Cretaceous or Paleocene and that

by the Eocene some trlbes were well dlfferentuated mcludnng one modern genus



| IV. Incertae sedls Lo
Fruit vvith on\e’ rpminate seed - o | |
| 3 o ‘ Descrlptlon v
"One smgle-seeded fruut has. been found with one convex and one flattened side, 2.7 mm.
|ong and 1.2 mm wude The perlcarp is thm and homogeneous composed of tangentlally“
elongated rectangular to polyhedral cells 2 um x 9 um in dlameter (Flgs l 16 -1 19l In
: the basal part of the fruit a receptacular-llke structure. wath crown shape is observable ,
lFlg 122 From thls area at Ieast three vascular strands depart and surround the frult
: (Flg 121 Trachelds of these strands have a dlameter of about 6 um and hellcal
‘ thuckenmgs ThlS spec:men may, in fact represent a pyrene of a larger frunt
' The seed ns the same shape as the fru:t and has well- developed rummatlons of |
‘ ’lthe lntegument (th 116, l 17) Three mtegumentary layers oceur in the seed (Flg 120)
- The outermost as seen }n\?ngltudmal sectnon is composed of .a slngle layer of .
v lsodlametruc thln-walle ‘cells with a maxlmum diameter of 9 um (Flg 120) The middile
‘ mtegumentary layer ab ’\ell layers thick, is composed of lsodlametrlc to polyhedral )
cells some Wlth dark cOnte ts, ‘with a maximum diameter of about 12 um Fig.' 120) The‘
" inner Iayer is composed of short/\'\gentlally elongaQed cells w:th dark contents {Fig. |
‘ 120l Thns mner layer is dlfflcult to dlscem and mlght have been under reabsorptlon at
the time of fossullzatnon Between thls inner. layer and the nucellus, a space surrounds the ‘
. nntegumentary cavnty lFlg lal 9) suggestmg that the nucellus is fres from the mtegument
| 'for most of lts length The nucellus represented by a smgle layer of tangentlally
| elonga@d cells full of dark contents about 33 um X 18 um in dnameter lFlgs 120‘ 125l
| | An endosperm is preserved and composed of lrregularly shaped cegs with what appear "
o . “ to t be a few scattered almost |sod|ametr|c sclerelds (ans 125 126l Prumary pnt fuelds '
g ”2 3 um m dlameter are observable m the walls A fragment of probable embryo tlssue lS
present at one end of the seed (Flgs 123— 124l Itis composed of polyhedral to -
o " glrregular-shaped cells, and contams some vascular tlssue (Flg 124l Trachelds have ‘.j
| -'-‘hellcal thlckemngs el | ' e A

UBilogular Fruit o T T T

v

- Description . * ‘'




. Large numbers of bllocular fruits occur in the chert and range in shape from almo\st .
‘ ‘spherlcal to oval wnth a maxlmum dlameter of about 1 .8 mm (Flgs 13.1 137 138, 141) N\
‘ Each locule has one seed (Flg 131) In some frults there appears to be a tendency for q
. the fruit to&spllt into two pyrenes ang 141) However mdlvndual dnspersed seeds. have
not yet been found. One fruit shows some gland-llke areas on lts outer surface (Flg oy ‘
143). Three perslstant sepals 0 8 mm long w»th acummate tlps are dlstlngulshable (Flgs \
‘.127 128) Thelr cellular structure is not well-preserved however most of the cells C 't
B appear rectangular in shape and some of them have dark contents In one sepal a
. cluster of sclerelds is seen near the sepal base lFlgs 128 144) Sepals are lnserted at
‘ ,the base of fl’ult (Flgs 128 129) where the receptacle is located Frult tlssue is very
| ‘fvhomogeneoua, thlck and formed by five or 8ix tangentlally elongated cell layers {Figs.
' 129 130) In. thls tissue several vascular strands can be followed: lnduvndual fruit cells
 are rectangular 90 um x 30 um. Frult structure ls conslstent wnth that descrlbed for a
*berfy(Roth1977) B S '
' Seeds are oval, 1.6 mm Iong and 0. 6 mm wude wnth a sllght flattened slde
' correspondlng to the' area where the two seeds. face each other in the fruit. The
mtegument has three dlstlnct layers Fig..132). The outer mtegumentary Iayer is
composed of clrcular to polyhedral cells 12 um |n dlameter and can be seen just msnde
’ 1 the frurt tlssue (Flg 132) The muddle lntegumentary layer has thlck-walled rectangular to
,'vquadrangular smuous cells full- of dark contents lFlg 132) Cells tend to be arranged ina
| .x'pallsade n tangentlal sectlon of the seed surface cells of thns lntegumentary Iayer are '
- "polyhedral to smuous ln outllne (Fug 142) In this. same tangentlal sect:on cells of the
: outer lntegumentary layer appear clrcular to polyhedral Cells of the mner mtegumentary
: ‘.layer are rectangular |n shape lfl tangentlal sectlon ln a longltudlnal sectlon these cells
are rectangular to quadrangular 18 urn x 12 um and full of dark contents Small ‘ |
o proyectlons of thls lntegumentary layer toward the seed cav:ty have been seen ina few
seeds ‘ ‘ TR R R A |
| A space between the mner mtegumentary layer and the nucellus suggests that the
v},_lnucellus was free from the mtegument (Flgs 132 1 39l, The nucellus |s smgle layered
: except at the mlcropylar end where lt appears multncellular lFlgs 131 133) lndlvndual
-"":; cells are about 18 um x 6 um and full of dark contents Endosperm is composed of




'

|rregularly shaped cells full of dark contents and scattered sclerelds lFlgs 135 136
138) One embryo has been found (Flg 139) and possnbly a second one is present lFlg
130) its cells, however, are replaced by fungl lﬁlg 134).

[

As mentloned above vasculature in Jé.cult |s extensnve at Ieast two vascular -
strands can be followed from the recepfﬁree to the upper part of the fruut (Flg
(‘/,137') Seed vasculature was not seen; however it is very characterlstlc for thls seed
- type that one vascular strand apparently comlng dlrectly from the receptacle mtrudes the
B seed cavnty (Flg 140). This mtrusnon occurs very near and in the 'same zone as the
'mlcropylar area: ‘ | | |
| | Dlsc:ussmn c o " 3
The two types of fruvts and seeds lncluded as /ncertae sedis have many slmllarltles to |
- each other However rumlnatlons are preseht in seeds of the one-seeded frult but are
‘absent in the bllocular fruxt In the fruit with the rummated seed no perslstant sepals
 were found lt is lmportant o pomt out, that sepals in the blIoCular fruit are present or "

at’ least clearly dlstlngulshable in only one speclmen -The lntegumentary tissues are

Lo

anatomlcally and topOgraphlcally almost ldentlcal Both have an outer ‘single .

‘ lntegumentary layer composed of- nearly lsodlhrnetrlc cells A second lntegumentary ‘

layer is composed of flve or slx sclereid layers ln the frult with the rumunate seed,

' lndlwdual celils of thls second mtegumentary layer are almost lsodlametrlc with a8

: tendency to form polyhedral to sllghtly lrregularly shaped cells In the bllocular fruit, the
lndlvrdual cells of the second lntegumentary Iayer are mostly polyhedral to lrregularly
lshaped One specnmen shows these cells as being large and rectangular with sunuous :
‘ walls and arranged ln a pallsade-llke fashlon (Flg 132) A th:rd mtegumentary Iayer m
} both seeds is represented by tangentlally elongated cells wuth dark contents lt is also
i lmportant to note that nucellus is free from the lnteguments ln bpth the rummate seed
and the bllocular frunt Nucellus m both seeds ls one cell layer thlck and wuth tangentlally
» elongated cells The endosperm of both seeds shows sclerelds Both frults haVe a thln ~
‘ perlcarp about 10 cell layers thlck w:th tangentlally elongated cells some wuth dark ,
| contents One vascular strend runs through the perlcarp Thus lt appears that both frults

may be from related taxa. : 3 SR ‘_.; T : ; S R
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+ . Using the ruminations, as an importanttaxonomic character it is possible to treat

the fruit with ruminate seeds in tne Annona group of Periasmay (1962ai. Mature seeds -

» of this type have deflnite'ingrowths or infoldings of the integument, mature integument

is composed of more than one layer, and the Ingrowths are ndt supplied by vascular

. tissue. About eight different famtlies have been found with this type of ruminate seed

(Netolitzky, 1926b: Corner, 1949 1966, 1976a; and Pernasmay, 1926b 1966) Seeds
of the family Annonacpee have mul{”lcellular inner or mlddle integuments, and fubers are

waell-developed in the middle integumentary ‘Iayer (Corner, 1976a), unlike the multicellutar

‘integument of the fossil seed. Sometimes seeds of this family have a third integument,
‘ :

-unlike those of the fossil ruminate seed described here. The family Aristolochiaceae has

flattened or wmged seeds, that usually, contain five integumentary Iayers The inner

mtegument of seeds of this, family has two palisade layers unluke the probable single

- palisade layer of the fossul seed. The presence of a waxy sarcotesta and clusters of oil

cells opposite the ruminations in the Degenenaceae is unlike that of the fossil seed. The

family anterocarpaceae has multucellular mteguments and the outer integumentary Iayer

A

has a varlable number of vascular bundles (Vatica L. 20 approx.) (Corner 1976a) making

any relationship with the Princeton seed difficult to support The curved seeds W|th

unspecsallzed and crushed intaguments at maturity of the famnly Memspermaceae are not

~

N
comparable to those of the fossol Even if the outer integumentary layer is persnstent in
menispermacsous seeds, it is represented by a Iayer of tabular cells with thin hgmfned

walls unhke the |sod|ametr|c cells of the fossil seeds. Seeds of the famnly Vitaceae

dlsplay a typucal "Wr-shape in transverse sectnon and five dlstmct integumentary Iayers

and the Paimae seeds consist mainly of hard and soft endosperrn surrounded by a thin
dry browmsh mtegurnentary tayer makmg them different from the fossil seed. Finally,
the Ebenaceae has three dlstmct mtegumentary layers The outermost is more or Tess”

multlcellular, fOrmed by a palisade of enlarged cuboidal or radlally elongated cells, with

v___hexagonal or gyroSe facets; oritis composed of all fnbrnform cells, with more or less

.cells ‘that aven lly break down when the seed is mature.

| » hgnifted wallsy often sparcely and finely pitted in radial and tangentsal walls. The mlddlp

mtegumentary’ layer |s composed of mm-walled cells or has scattered brown sclersids

with the inner layers' often oblnterated ‘The'i mner mtegumentary layer has mucnlagmous

>

< o
0 . . ' f o
: . . ) & L .



e

-

60
Similarities of the seed to the Ebenecea\e as described by Corner {1976b) are
notable- howsever, call types do not match 100?3 At this point, the fruit with one
ruminate seed can probably be said to have ebenacepus: affinities. Corner (f9768)
pointqd out that Periasmay {1962a, 1966) described ebenaceous ruminatiohs as the
Annona-type, and noted that this v;/as true in as far as they are "infoldings of thp testa”,

but the seeds are not perichalazal and the ruminations are always basal and longitudinel, ‘

and do not tdrrespond to.the transverse ruminations of the annonaceous seed. Thus,

;u&arr{ngement of ruminations in the fossil supports its inclusion within the family
e ,

_ Ebenacease,

The bilocular fruit on the other hand, does not have ruminations, however,
mtegument and fruit anatomy are quite similar to the fruit with ruminate seeds.

Furthermore it is known that in this large family with about flVG genera and more than

’
!

400 species, some species are fairly ruminate (e.g. D/ospyros oblonga Wall), others are

not ruminate (e.g. D. mo//is Wall) and still others are subruminate (e.g. fuc/ea

‘divinorum Hiern) (Corner, 1976al. One bilocular fruit specimen, however shows

persistant sepals and a calyx that is not gabmosepaIOUS. a characteristic of the
Ebenaceae. Therefore, inc'lusion of these fossils-in the Ebenaceae seer'ns unlikely.

The Ebenaceas is probably related to the families Styracaceae and Sapotaceae
(Cronqunst 1981). Seed intaguments of the family Sapotaceae are multicellular in all
layers and in the Styracaceae the outer integument is thick at first, but becomes crushed
at maturlty {Corner, 1976a). The calyx in these two families is not gamosepalous
however, their, seeds are not reported to be rummate Corner (1976a) suggested based
on the ebenaceous mtegumentary anatomy, affinities of this family to the families .-
Theaceae Symplocaceae or Sapotaceae. The mtegument in Symplocaceae as very thurp

and apparently unspecnallzed and crushed at matunty whlle two post-chalazal  branches

of vascular tissue subdivide the seed. Smce the symplocaceous flower is epigynous, any o :

relationship with the bnlocular fruit is dlfflcult to support The foss:l seeds from

Princeton show some similarities to integuments wnthln the famnly Theaceae However
smce the theaceous seed is winged and possesses a hypostase a posslble reletlonshlp cs '
weakened Another difference is the presence ofa capsular frult in the Theaceae and 2

berry-hke fruat in the Prmceton remains. B
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It is evident that mtaguments of the fruit with a ruminate qeed and the bilocular
fru:t have ebenaceous characteristics. However important dnfferences prevent their
.dentn‘flcatlon as typlcal ebenaceous carpologlcal remains. Seed similarities between the
fossil remains and the famlly 'l'heaceae seem importar;t but fruit differences are great
Howaever, Corner's {1976a) proposal relatmg the Ebenaceae and Theaceae seed based
'on intéguments suggest a possibility of intermediate forms such as the two fruits
described here.

At the presént time r‘r‘lore informa@m is needed in order' to make a more
accurate determination. For example, it is important to clarify why a vascular bUndIe
intrudes the seed cavity. Perhaps thus vascular tissue is an mdlcatnon of a vascularized
. nucellus, as suggested for other families by Maheshwari (1950) and Corner (1976al. The
presence of sclarends‘m the endosperm is also unusual. Furthermore, it is important to
fing mo‘re ruminate seeds of this type to determine if tﬁe fruit is really single seeded or
if the smgla fruit found is a pyrene or schtzocarp of a Iarger fruit. Irrefutable
'Ebenaceous fruits are known by the Eocene ‘from An;ou France (Vaudous-Me;ua 1980,

) 1982) and flowers from southern Australia (Basinger and Christophel, 1985). Based on
the availabie information the Princetén remains are probably‘f" related to the family
Ebenaceae.' but more information is'needed tq' justify thi.s conclusion. Theréfore, they

. are referred as /ncertae sedis. .
o ) .



V. General Discussion

Al
“\\ \f

" The present study represents the first more or less extenbwe attempt to identify fossul

fruits and seeds using internal anatomlcal characterlstlés. As noted earlier by Netolitzky
'(1926b) and Corner {1976a) integument characteristics represent a important information
for taxonomic purposes. Furtherrnore embryonic tnssues as we|l as type of embryo are '
nmportant supplementary characterlstlcs (Martln 1946). Interpretlng fossil fruits and

. seeds usinhg these characteristics is more comphcated than studing living representatives,
since it is dnffucmt to establish complete developmental sequences. lt is well Known that
there is varlabmty in the number 6f integumentary layers dependmg on the developmental
stage of the ovule. Also, each integumentary layer may have different cell layers U .
- throughout development. Furthermore, at Amatu'rity, -a complete integumentary layer may
be reabsorbed (Beriese. 1892a; Pechout‘re., 1902;'Netolitzky,, 1926b: Ulbrich. 1928
Periasmay, 1962b~ Corner 19768) Thus, seeds must have completed their development
in order to compare them In the present study most seeds are considered mature '
because they show embryo tissues {e.g. Caryophyllales rosaceous aggregate fruit andu
drupe. Vitaceae # 3 Decodon Aracead, /ncertae sedis) or because their mtegument '
arrangement ciosely resembles previous reports of mature seeds (e. g. Cabombaceae .
Stercuhaceae/Malvaceae, Vitaceae # 1 and # 2).‘

o Unfo‘rtunate‘ly fruit and seed knowledge has not reached the point in which. .
anatomical characternstlcs can be use for env:romental mterpretations However, _it can
be said that capsular frunts can be used for floatation enhancmg sead dispersal, thus. the
seeds of the Nymphaeaceae and Decodon seem to be adapted for this type of transport.
On the other hand, the rosaceous drupe/berry fruit can be interpreted as 'equip'peq with
edibte pericarb suggesting the ir\tervention of anirhals for their vd‘ispersal H/an der Pijt', :
1855; Roth 1977) The rosaceous aggregate fruit also has an edible pericarp.

| suggesting some relatnonshrp with an animal for duspersal of its seeds. Vitaceous seeds
have a sarcotesta (lntegumentery |ayer 1) and their fruit usually is a berry, thus: they are
also. dlspersed by animals Nan der Pijt, 1955 Tuffney and Barghoorn, 1976) The berry »;'
of the Incertae sedis remains is dufflcult to interpret’ because the pencarp has little in .
. the way of edible parts. Fruits of ‘the other remains described here are not yet iinovyn. :

3
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"From seed structure, it can be suggested that the palisade in the Cabombaceae
seed prevented water penetratuon in to the seed cawty enhancmg floatatlon capabmty
~~and’ potentlal for dlspersal The palisade in the Sterculuaceae/ Malvaceae seed ‘may play a
similar. functlon however since extant plants of these families do not have aquatnc ‘
dlspersal, the palisade in this case may be related to the delay of germination by
preventing water permeability. Both functions.have been suggest‘ed for seed palisade
. tissues, especially in Leguminosae‘(Spunry,. 1971, Roth, | 1977). Mucilage-like cells in the
large Lythraceae seed may also prevent water uptake, but their presence may be related
more to ] delay of germmatlon than to 8 floatmg function Wlnd dlspersal is not well'
represented by seeds found in the Pnnceton chert; however, the presence of |
‘ multlcellular tlssues composed of thm-walled cells (e. g. Decodon Caryophyllales) may be
interpreted as a trend: to increase the surface/volume (mass) ratio. Thls sutuatnon will
facilitate ‘floetation in both, air or water. Animal dispersal on the other hand, might be
inferred for the Caryophyllales seed The: presence of haur-lake structures may help the

seed stnck to an animal. | ‘
) Using plant remalns as mdncators of environment, two clearly dlfferent :
envnronments can be recogn‘:ed Wlthln the paleoflora at Prlnceton As Basmger (1976a) |
: pomted out, L] temperate flora is indicated by the comfers and rosaceous remains. A
: troplcal-subtropncal flora is mducated by ferns cabombaceous araceous, and the -

/sterculoaceous/malvaceous remains, as well as the presence of sabalond palms (Basmger,

1976a) Lythraceous, vntaceous and caryophyllaceous plants may be found in-either
. environment, but tend to be more succesful in tropical-subtropical envnronments: Thus,
_ the environment, that can be i'nferred from the plant assemblage at Princeton tends to be
© tropical to subtropncal The assoclatlon of temperate and troplcal-subtroplcal forms in
- this assemblage. therefore needs to be explalned o
The posslbllnty that the temperate forms represent allochthonous materlal is*

‘ msupportable. Comfer remalns are very abundant and the quallty of preservatlon is
superb Conlfer stwnps have been seen in growth posmon in the chert outcrop
;(Stockey. pers comm l Cones are preserved mtact w:th seeds in place, and fascucle

A_sheaths are stlll present Furthermore, the presence of numerous roots in the dep05|t

: supports the idea of autochthonous deposmon of the comfer rgﬁams. ;From.a more -

3
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‘ dynamnc poﬁ( of view, lt is dlfflcult if not |mposs|ble to explam how organs of the .

sam ant with dtfferent potentlals for transportatlon reached the same area of

eposmon if they were not preserved very close to their growth habltat The rosaceous )
remains are more dlfficult to assess. This group is represented by only one flower and .
-two frults with seeds ‘None of these are as abundant as one would expect if they were

autochthonous remains However _since most of thelr tissues are delicate ones and they '
are vel'y well-preserved they were not transported extensively prior to preservatlon it
may be possuble to explaln their scanty representatlon by their topographlc posmon in -

o

‘ the communlty -

- In orderto more accurately determine the climate present at the time the

Princeton chert locality was deposited ‘a physiognomic‘ analysis of the leaf remains

C would be useful. However at the present tlme this hss not been done and does not

form part of thls thqsw Woife and Barghoorn (1960) noted that Ieaves of woody plants'
with entire margms tend to predommate in tropncal alpme and arctlc regnons and in
, phVSIOIOglcally arid environments. Taxa wnth a hngh percentage of leaves with entire .
margms present in the Prlnceton chert Iocahty are Cabombaceas, Caryophyllales
Lythraceae Malvaceae/ Sterculuaceae and Araceae. WOlfe and Barghoorn {1960] added
that leaves wnth non-entnre margins like Rosaceas and Vltaceae are very numerous in .
o temperate reg:ons ThUS ut is posslble to extrapolate a tropncal-subtroplcal chmate from
the anglosperm famllles represented in the assemblage ‘ ‘
| Basmger (19763) postulated that the Prmceton chert locallty represents part of

an ecotone in which subtropncal and warm temperate forr_ns were deposlted. This idea in
many ways follows Chaney's _l1949) views on Tertiary olirnatology. -Howevev, by - ‘
| ei(amini:ig only the megafossil reeord of the locality that must be considered to be

' autochthonous the flora represents a tropucal-subtropncal assemblage Boneham s
' (1968) study on the palynology of Terttary coal baslns in south-central Bl’ltlsh Columbla o

' mdlcate 29 dlfferent taxa of pollen gralns and spores. 68% of the taxa were spores of

: fungn algae and bryophytes Other remalns of these organlsms have not been descrlbed L

| _|n detaul however d:fferent kmds of hyphae are known to be present in the Prmceton

" chert. PlStI//IpO//enltes mcgregorh Rouse is the only anguosperm pollen gram he found

represented in slgmfloant quant:ty Plstillipo//enites however can not be related to a

-



. alngle famlly Pollen- grams of thts type may mdncate relatlonshlps to the Gentlanaceae or .
By Euphorblaceae (Crepet 1984; Stockey and Manchester 1986) From Boneham's (1968) :
study lt l8 not possuble to assess ‘what percentage of the flora was composed of . |
| angloeperms and what percentage was composed of gymnosperms Sometlmes itis
also dlfflcult to relate -a pollen gram to &group of extant plants However Boneham v
~ (1968) was: able to ldentlfy subtroplcal elements lnke ‘the Cycadaceae and Taxodlaceae
and temperate elements like Gmkgoaceae and Fagaceae From these famlhes only
Taxod\aceae is represented in the megafosslls known so far from the Prmceton chert
o locallty Nevertheless it'is dtfflcult to assess if pollen gralns represent autocthonous or
allocthonous plants Therefore the followmg dlscussmn is based on megafosslls ' |
unterpreted as autocthonous Lo |
Perlodlclty may be also inferred for the Prlnceton chert locahty Analysns of
, wood from thls locallty is not pert of thls thesis, however, wood samples with well
developed growth rmgs are abundant m the chert Basmglr (197Gal ullustrated the
| preaence of. well-'developed annual rlngs in woods of Plnus slmllkameene‘:?&/ and
Metasequa/a millerIBasmger (1981) l-le mterpreted these plants to be indicative of a ‘
temperate climate.’ However he concluded that tﬁs clnmate could be termed subtropucal
to warm temperate and that |t "would be qulte warm and molst wnth winter frost rare
or absent" Thus in his lnterpretatton annual rlngs are not related to a marked
vseasonallty Some years ago it was thought that growth-nngs were mdlcators of -
) “temperate condmons Metcalfe and. Chalk (1983) however po:nted out that the
physlology of growth-rmg formatlon ns far from belng fully understood lt may ‘be

related to fluctuattons lﬂ water supply temperature mtenslty of |llumlnat|on, varlatlons in

' -.day-length and ln auxln gradlents Tomlmson and Cralghead l1972l studled the formatnon

. of growth rlngs |n trees of subtroplcal Florida. They noted that growth rmgs in’ thls

; : 'subtroplcal aaaemblage were not necessarily annual and not always correlated wuth o

"dOCldUOUS taxa However Metcalfe aﬁd Chalk l1985l pomted out that the formatton of a |
‘new crown whether complete or partlal demands an mcrease ln the water conductmg

tlssues. thus. producmg early and late wood Bass and Van deF Graff (1974l noted that

‘, "'.,fspecles from temperate to subtroplcal cllmates are charactenzed by conspncuous |

,' "-‘growth rmgs whlle |n specues of troplcal lowlands and montane reglons growth rmgs |




are absent or less marked. The presenc'e of growth rin.gs‘ at the"Princet’on' chert locality -
. indicates some sort of‘perio‘dicity, and suggests a subtropical envlronment over 8 o
‘tropica‘l one. ;-lowever,, more‘detailed;studies of wood anatomy 'are',needed to confirm ‘
‘ this. ‘ .
Durlng the mlddle Eocene Ltime, there was not a sharp dlvnslon between troplcal
“_subtroplcal or temperate floras (Ti lffney, 1985; Wolfe 1975) At Prlnceton these
velements coexlsted in the same deposmonal basin. Vegetatlon by that tlme is’ ‘-
charactertzed by a rmxture of elements now restricted to differerit climates. Thus it has
been noted that after the Mlddle Eocene as an effect of climatic deterloratlon as well as’
| the establlshment of modern physlography the vegetatlon became dlfferentlated
accordlng to. changlng clumatlc characters | | '

The organlzatlon of the vegetatlon here seems: to follow a troplcal ramforest
pattern As suggested by Basmger (1976al the Iocallty at that tlme could be mfluenced
' by the 49° troplcal-subtroplcal marlne cllmate postulated by Durham l1950) Thus this ..
. oceamc influence, that may be weakened due to the dlstance of the Iocallty from the
',coast could be of great umportance in the estabhshment of a tropncal-subtroplcal

. ramforest Five strata can be recogmzed in the vegeta‘lon present at Princeton based on

megafosslls The hlghest stratum is represented by the comfers Plnus and Metasequma

A second stratum is represented by forms of mtermedlate slze llke Prunus Decodon

"and perhaps the Malvaceae/ Stercullaceae and Caryophyllales plants A th|rd stratum is’
represented by vnne-llke plants |lk8 Vitis and the araceous lertosperma-llkel plant A
| fourth stratum contalns small plants llk,e Paleorosa ferns and probably the plant that :
'produced the aggregate fru:t The Iowesf stratum is represented by aquatuc plants Inke '
theCabombaceae IRPRTR - ‘ ' "» |

‘Ina horlzontal transect the plant assemblages can be vnsuallzed as organlzed - . |
- ' around a water body Slnce preservatlon at the locallty |s very good and thun-walled cells "
" and dehcate flower structures are preserved |t can be mferred that energy transport i ‘
was low thus, a very qunet lake or marsh is an |deal envnronment Turtle bones in fact, ; R

have been ldentlfled in the chert (R C Fox per cemm) Slnce blologlcal degradatlon is

- :'[mlmmal an envnronment wrth reductlve charactenstlcs llke a marsl'i seems hlghly 3 g

. “pOSslble ln thls marsh the nymphaeaceous plants, were well establlshed The araceous




: nlche

:flora

du'ing the Tertlery Smce there are Very few (|f mdeed anyl cases where lt can be
} 'f.demonstrated that the chmatuc .tolerance of a taxon shlfted substantually durmg .the -1. -

7.

. lertosparma-llke) plant was also a marsh dweller or perhaps occupled a more perlpheral 3
: dlstrlbutlon while the Cabombaceae had a more central dlstnbutlon Also along the

marsh shorellne Decodon {the swamp wnllow) w0uld be Jpresent. Eorh/za grew in close

assoclatlon w:th both the araceous (Cyrtosperma-hke) plant and the Cabombaceae .

| Surroundlng thls aquatlc system, a mixture of P/nus Metasequom Prunus ‘ |
‘Malvaceae/ Stercullaceae Caryophyllales and palms formed the two hlghest strata, The
| three vntaceous taxa utilized the other trees and shrubs for support On the forest floor, .

'herbs like Paleorosa perhaps the aggregate fruut and the ferns fllled th:s ecologncal

it ls now accepted that by the end of the Cretaceous cllmatnc deternoratnon was a

| .‘ general phenomenon in the northern hemlsphere (14 lffney 1985; Wolfe 1975) Durmg

the Late Paleocene the northern hemnsphere had a temperate climate but |t began to

. 'warm and reached a maxlmum by the Mlddle Eocene Durmg Late Eocene coollng began

again and extended through the Ollgocene Durlng Mxocene tlme there was another o
<

. warmnng trend but. it dnd not reach the Mlddle Eocene maxlmum The late Miocene and
_':3 'Pllocene suffer a coolmg trend that flnlshed wnth the glaclatuons of the Plenstocene ,
- |ffney 1985 Wolfe 1975 11980). These climatic changes appear to be responsnble
‘ for the segregatlon of troplcal subtropucal and temperate floras as they are understood f
| ) today (Collmson et al 1981 Wolfe 1978) The fact that the cllmate of the Princeton

. chert Iocallty is troplcal to subtroplcal remforces the Mlddle Eocene age. for this fossul

From a blostratlgraphlc pount of Vlew |t is also |mportant to note that the s o

‘ araceous (Cyrtosperma-luke) forms adds the trlbe Monstereae to the araceous tnbes f |
;.':'known by the Mlddle Eocene Tffney (pers corhm ). argues that "Ep/premnum"‘fossnl |
. seeds descrubad from the Late Mlocene and Plnocene of Europe and westem Russua
;ocoupled areas too cool for Ep/premnum as |t grows today ln hls oplmon there are
._three poaslbilltles to explaln thus sltuatnon 1) All of what we call Epipremnum really
‘f;"belongs to sorne other more cold-adapted taxon, 2) What we call Eplpremnum really |
.’l‘:.‘lncludes two qulte dnfferent taxa, and 3l E,Dipremnum has changed its- cllmatlc afflnmes I, &




Te'rtiary and if Epiprem'num did shift 'lts climatic tolerances thrOugh the Tertiary., one l h

would' expect to find some specues growmg in cool temperate floras in the present day |

: (none reported yet), possublllty three can be dlscarded Furthermore the Ollgocene .

materual reported by Bown et a/ (1982) in Wthh they show Epipremnum seeds -

. assocnated wnth a frult that is clearly Ep/premnum Tlffney lpers comm) belleves that
 the Ep/premnunrluke seeds from the fossil record can be divided lnto two groups Onel
that is dlstrlbuted in cool cllmates and a second that ls dlstrlbuted in warm-temperate ‘

: floras In his opinion the later group represents real araceous seeds while the former

‘ may represent other taxa. The presence of the monocotyledonous embryo and

nearly related g _nera ne

‘th the Brandon ngmte,

"‘rlse to Decodon lMlddle Eocene) by reductlon of the wmgs and to Mneme (Late Eocene
_f.through complete detachment .of the"germlnatlon alve Mneme-llke plants ln wrn gave
ruse to Microd/ptera (Late Eocene) through ¥ small reductlon and flattemng of the seed

,endosperm in this seed represents the flrst report of these structures as fosslls from

the Ll|lOp$lda The lmear ernbryo and scanty endosperm correspond to'Martin’ S (1946)

descrlptlon for araceous embryos relnforcmg in the. |dent|f|catlon

The perlpheral dlcotyledonous embryo of the Caryophyllales seed represents the :

_ fll’St foss:l embryo known for: the Magnollopsnda Sonhe cells have been |dent|f|ed as.
endosperm however smce m thls order perlsperm may be abundant more seeds are

needed to clanfy the nature of thls tissue. o A “,

The fossﬂ Decodan descrlbed here also represents the oldest Decodon reported

and belongs to the Alatosperma—DecodarrMneme-M/crod/ptera alllance of. Tlffney
. .(198 1). The. hypostase and suspensor descrlbed for the fOSSI| Decodon may be present S
<. in mature seeds of the Lythraceae however the embryo is dlff:cult to evaluate slnce lt
. may be llnear or spatulate wnth shghtly expanded cotyledons Martln (1946) reports
T-spatulate embryos |n Cuphea DIde/Is I.ythrum and: Decodon mvestlng embryos ll"l ,l :
' ;".y_"RotaIa and he’ suspects that others in- the famlly Ieaned toward the Dwarf type Tuffney
: (198 1) recognlzesthat the AIatosperma-Decodan—MnemeM;crod/ptera complex of

"‘to .be revnewed to correctly lnterpret the M/crodlptera from

“ecodon descnbed here also shows need for a rewew

,' however the phylogeny proposed by Tffney (1981) for thus group ls remforced by the

' present study lt was proposed that seeds of the 'A/atosperma-type lEarIy Eocene). gave STEI




es
’ wings“'and the de‘\ie‘lopme‘nt of shallo'w‘ dorsal grooy'es "l'he pr;sence of Décodon in a
' marshy envnronment such as the Prlnceton chert is supported by the habitat of extant D
".vert/c///atus that Ilves along Iakes marshes or rivers'in SE. North Amenca
ln the Rosaceae the presence of forms wnth a mlxture of trtbe characters like
Pa/eorosa w:th affnnmes to Maleae Qunlla;eae and Sorbaneae (Basnnger 1976b) and the
| aggregate rutt with afflnmes to Fragarleae and Roseae suggest that by the Mlddle :

_ Eocene thns family was undergomg active evolutlon The spatulate embryo wtth rather ,
.Ibroad cotyledons of the Rosaceae corresponds closely to the cotyledons found in one
- seed of the Prmceton chert aggregate fruit. Furthermore the scanty endosperm of thlS |
seed also corresponds to the thm endosperm of Fragana and Rasa Further dlsCuSSlon |

‘ 'on these reproductlve structures awalts the. recovery of more seeds with embryonlc '
tissues. | R | | | |
| er groups like the Vltaceae appear to be much more diverse by the Mlddle

A " éoce» was p-'ewously suspected Tffney and Barghoorn (1976) rec nized that
seed ﬁnetomy in the Vttaceae underwent sngnlflcant evolutlon durmg the ﬁl('ertlary
- %fferences in 1ntegument anatomy ir the seeds descrlbed here ¢annot be explamed by
‘ :the effect of the number of seeds par fI'UIt the ameunt of seed compresslon per Iocule
or age of the seeds, More likely, each of these three types of seeds represents a
dlfferent taxon Thls is supported by the reports of dlstmct vntaceOus mteguments by . L
| $l<|rchhe|mer ( 1938) and Tlffney and Barghoorn (1974) that cannot be related to extant |
"specles as reported by Perlasrnay (1962b) The lnteguments Have been dlscussed by
. \ Netollzky (1926b) and Corner (1976a) Furthermore ndentlflcatlon of seeds based on
i :external morphology may Iead to mlsldantlflcatlons as has been shown for some
Araceae seeds that are very slmllar to Legummosae or: Malvaceae seeds (Klrchheamer
Y 1957l Therefore, understandlng of vntaceous mteguments wnll prompte a better

fitaxonomuc understandmg of the famuly Thus carpologlcal remalns of thig famnly need to o

s

be revuewad

lme wtth the anglosperms ln Cabombacea_“‘je' g the presence of snnuous radlal walls f

i ln the mtegwnent‘:of the Prmceton Eecene matenal do not mducate an exact relatlonshlp RRT



between thls fossul and other extant or fossil forms Pensperm t(ssue of these seeds
represents the first report of this tlssue in the fossnl record. However smce itis

replaced by fungal hyphae better preserved seeds are needed

\

Further studlé“s of fruits and seeds in the Prunceton chert promlse to add much to
L 4

our knowledge of. these evolutlonary Iuneages ‘In addmon the mvestlgatnon of whole .

\

plants in these ggg”psnts will allow a greater understandmg of these Eocene taxa and thenr

reproductlve buology ' .j C , L oo



| VI Phot'ogragh'lc Plates
 Plate 1 |
Figs. 1 . 5. Nyrhphae’aceous fruit and seeds.
' Fig';" 1. Congitudinal section of fruit sh'owing three seeds.’P '3678 E tp #2 x 5.
.Fug 2. Counterpart of fruit in Fig. 1 showm longitudinal sectlon of fl’ult wuth one seed
' and posalble pedlcel P 3678E top. #0 x 15. = ‘

B Fug 3 Oblnque section of Snd showmg mner and mtddle mtegumentary layers P, 3674
. G bo,t #0 x 200 ‘

Fig. 4 Oblique transverse section of a seed showmg one vascular bundie and the
‘remains of the nucellus P 3674 G bot #0 x 24. . yo!
. ' ' t a s i ' ! . , v .
an 5. Transverse section of a seed in face view. Note sinuous cells around the vascmar
bundle P 3674 H top #0 x 35 : v

F = fruit, | = iamer mtewmentary lager N= nucellus 0 outer mtegumentary Iayer PE= -
» pedicel, S = seed."V = vascular bundle.. " -






. Plate 2 .
. Figs. 6 - 8. Nymphaeacebus seeds. - |

Fig. 6 Trmsvgrse sectlon of seed showing the vascular bundle and surroundmg(cells
' _ with thin wavey cell outlines. P 3674 H top #0 x 80

&

. Fig. 7. Transverse®ection of seed yvith'perisparm replaced by fungi. P 2581 E bot #3 x

FR. 8. Perisperm with cell-walls invaded by fungi. P 2581°E bot #3 x 230.

\)‘i\ ( N n
g Fig. 9 Cells of the outer lntegumemary layer in face view, P 3678 E bot #25 x 270

1,, Q - ‘\-\ »r ' . "
i‘u-‘v . / ' ) )
\ N = nucellus PR pensperm V= vascmar bundle. ’

»






Plate 3
Fig. 10~ 13. Nymphaeaceous seeds.

Fig. 10. Longitudinal section of seed with operculum /n situ. P 3773 A #26 x 38.

Fig. 11. Longitudinal. section of a seed without operculum. P 3773 A # 26 x 35.

Fig. 12. Isolated operculum. P 2581 E bot # 3 x 98.
. .

Fig. 13. Longitudinal section of outer integumentary layer showmg cells with sinuous
~outlines. P 3773 A # 26 x 155.

* | = inner integumentary layer, OP = operculum.'O = outer integumentary layer.

.'






Plate 4

Eigs. 14 - 19. Caryophyllale's seed.;
' )

Fug 14. Cross section of seaed showmg two vascular bundlas and two cotyledons. P
3771Ctop #14 x 70. .

A}

" Fig. 15. Cross section of seed, after 1 consecunve sections, showmg a more irregular
surface and decrease in diameter of the internal seed cavity. P 3771 C

top #25 x 70.

Fig. 16 Cross sectlon of integument showing inner, middle, and outer mtagumentary
‘ Iayers P 3771 [ top #17 x 200

.
L.

Fig. 17. Tangential section of seed near chalaza. P 3771 C top"#as x 118.

'Fig. 18. Cross section of middle and outer integumentary layers showmg clavate hair-like
" projections. P 3771 C top #2 76b ‘ ,

Fig. 19. Parqderm'll section of integumani. P 3771 C top #39 x_2op.

C = cotyledon, | = inner mtegumentarx/layer M= mlddle mtegumentary Iayer 0 = outer
integumentary layer, V = vascular bundle






- Plate’ 5"

. Figs. 20 - 25 Sequehtial series of peripheral ’embryo-tissue ina Cafyophyllales\ seed. |

|

Fig. 20. leique saotion of cot‘yledoh. P 3771 C'too #1 x 90

- ‘Fug 21, Cross and oblique sections of two cotyladons with preservatnon of the shoot
apex region. P 3771 C top #2 x 90, - ‘

‘-\.‘.\\"."f)m o ’ '
. Flg 22. Cross and ‘¢l que sections of two cotyladons with cells near shoot apex area.
’ - P 3%71Ctop# 3 x 90 ‘ : _

- an 23. Cross and obhque sectuons of two cotyledons P 3771 C top #19 x 90
Fig 24 Cross section of. two cotyledons P 3771 C top #21 x 130
“Fig. ~25 Cross saction of two cotyledons P 3771 c top #35 x 200.

Cc =‘cotyloﬂo JE= endosparm,-SA-= shoot apex.






Plate 6
Figs 26 32 Malvales seeds R
) Fig 26. Near transverse sectlon of seed P 3988 c bot #0 x 70

F'Q 27 Four lntegwnentary layers P 3988 C bot #0 x 420
Flg 28 Obllque sectuo‘n of seed showmg mlcropyle P 1631 B bot #34 X 70

th 29 Cross sectton of ?Iaqo-hke structures located in two outermost mtegumentary ‘
‘ ' layers P 6318 bot #28 x 416. : ‘ _

o Flg 30 Oblaque sectlon of seed showmg raphe and well-developed pahsade P1631 B |
- v bot#46x50 o N .
‘ __Fig 31 Obluque sectlon of sead wuth posslble valve composed of palnsade cells P1631 . - -

th#29x70 K

| iFlg 32 Cells of pelisede leyer P 1631 B bot #40 x 195

v, ' ‘. - )
G= glancHlke stmcnre I = inner. mtegumentary Iayer IP mner palnsade M middle ‘
: Inter?eumenury Iayer MI mlcropyle O outer mtegmnentary Iayer R -[ :

rap SR Lo , »






Plate 7~
. E-'ige.‘33 - 38 Senial Ionginjdinal 'seetions of 8 reseeed0§ ‘dlv'upe.‘

Flg 33 Longntudmal eectnon of fruit showmg mesocarp vasculqr strand style and one
‘ \ seedP1631Cbot#24x B o L

ot [

 Fig. 34 Longitudmal séction showmg mesocarp endocarp style, peducel and one seed
- P 1637)C bot #20x 40.. FE |

"
.

f ’w

,' Fu 35 Lon |tud| ' sectlon showm mesocarp endocarp sty!e mtegument and
: g ¢ pedlcel P 1631 (tgot #22 X 44 e

an 36 Longitudmal sectlon shewung exocarp mesocarp endocarp and seed P 1631 ‘
: . Chot #16x42 _ ; \

Flg 37 Tangentlal lon |tud|nel sectlon showmg exocarp mesocarp endocarp and seed
X 6 1Cbot#14x42. | o

B Fug 38 Tangentnal longltudmal section showmg a vascular strand between exocarp and
‘ endocarp P 1631 Ctop #12x53 , , _

. EC= endocerp EX 'exqeerp', MC =‘mesocarp,. PE = pedicel,.S"é-eeed, ST = style.

- . ‘ A" ‘ ' ‘. . ‘ N . .
! C ' . o . - \






'Platee“' o o
Fig.-39 - 45 Fruit and seed of rosaseous drupe

Fig‘.'39 Obllque lor nndmal sectlon showmg pedlcel mesocarp endocarp and seed P
R R - 3Ftop#10x70 ‘ ‘

‘. Fig. 40. Longltudmal sectlon of pedlcel showing parenchyma cells with dark contents
‘ and vucular tissue with helical thn:kemngs‘ P 2613 F top #10 X 410

- Fig. a1, Longttudmal sectlon of dit showmg vascular’ strand runmn along contact area
o ofmesocarp jdendocarp P2613Ftop#10x4 0:

. Fig. 42 Longltudmal sectlon of frult showmg style remnants and vascular strand runmng
5 ‘ between mesom and endocarp P 2613 G top #14'x 140, ‘

“ ’

Fig. 43 Posslble nucellar cells P 2613 G top #14 x 340 I
N

'Fig.. 44 lntegument with outer sclerend Iayer and cell inner layer wuth dark contents P
o Lo 2613Ftop#10x410 P o ‘

! "
\

e Fig. 45 Obllque Iongrmdmal sectlon showmg fl'UIt and seed structure wnth posﬂble R
S ' nucellartlssue P2613Gtop #15x98 ; . :

EC = endocatfp, MC‘= mesocarp, N =.nucellus. PE = pedicel, S = seed, ST = style;






Plate 9 N )
Figs. 46 - 51 .‘Rosaceous‘ éggregate fruit with achenes.

Fig. 46. Longitudinal section of aggregate fruit sﬁowing two sepals, and several
-achenes. P 1631 B bot #1 x 15,

Fig. 47. Cross section of a‘g%'egate fruit with achenes in receptac‘{lhr tissue. P 16318
top #12 x 135, ' | B

Fig. 48. Longitudinal section of aggregate fruit showin several achenes in receptacular
tissue, and one sepal. P 1631 B top #2 x 37,

[

Fig. 49. Tracheid with helical thickenings from vascular cylinder of the aggregate fruit, P
- 1631 B top #21 x 510, '
a ' , .
. . . \ ’
Fig. 50. Longitudinal section of aggregate fruit showing pith surrounded by vascular
tissue\,P 1631 B top #37 x 28.

Fig. 51. Cross section of achene in receptacular tissue; showing endocarp, mesocarp,
exo , inner integumentary layer, endosperm, and embrya tissue. P
1631 B top #6 x 130.

!
A = achene, E = endosperm, EC = endocarp. EM = embryo tissue, EP = epicarp, EX =
exo . F = fruit. MC = mesocarp, Pl = pith, RE = receptacle, S =
seed, SE = sepal. V = vascular bundle.






e  Pate 10
Fig%Z - 58. Rosaceous achene and aggregate frpit.

Fig. 52. Oblique cross section of achene showin exocarp, mesocarp, endocarp, outer -
© and inner mtegumemary layers. R1631 B top #8 x 1007

A

. Fig. 53. Oblique Io(r)\gitudinal section of seed sdeing general shape, P 1631.B té;ﬁ #8 x
100. :

Fig. 54. Longltudtnal section of inner integumentary Iayer showmg helical thickenings. P
A 1631 B top #Bx 170.

N

Fig. 55. Oblique cross section of seed showing mncropylar area anp inner mtegumentary
Iayer P 16318top #13 x 130. .

Fig. 56. Cross section of achene showing fruit tissue, outer mtegumentaré layer,
endosperm and two cotyledons P 1631 8B top #12 x 13

Fig. 57. Cross secatnon %f achene showing endosperm and embryo tissue. P 1631 B top
#8 x 130. ( .

/

Fig. 58. Cross section of embryo cotyiedons with céllutar preservatlon P 16318 tOp :
B 12 x 370. . .

ghdosperm, EC = endocarp, EM = gmbryo tisue, EX = exocarp. | =
egumenpry layer. MC = masocarp, MI = micropyle, O = outer
\entary layer, RE = receptacle .

C = cotyledon, E =
inn
intey

¥
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Plate 11
Fig. 69 - 65. Decoddn sp. (Lythracsae).

" a -

i an 59 P ross section showmg septa (arrows) frunt axis, and several seads P 1142 D

bot #2 x 25

th 60. Longltudmal section - showmg persistent sepals, fungal cleistothecia in.sepals. a
pedncal and remains of two seeds. P7$ gD top #0'x 17.

! r

Fig. 6 1‘..Longitudinal section of fruity attacheg to'an 'axi.s."P 4018 D top #0 x 5. ;
. J

| Fig. 62 Oblique longltudmal section showmg four locules, one with several aborted N

ovules, one possible.gland near fruit apex ahd parsnstant sepal. P 3794
c top #38 x 25.

Fig 63. Longntudlnal section of fruit showmg andocarp with, inner palisade Iayar and -
tangentially elongated cells of exocarp with helically thnckenad trachends
P 1294 A #15 x 40. .

f \ \ . '.‘ B N
——— )\ . ) [ Y ' LS
F}g. 64. Longitudinal sectéon showing padncal and bases of ‘sepals (arrows) P 1294 A
_ #11x 1 :

o ° B
A}

'an 65 Oblique cross sactton of fruit axi$ showing central plth Surrounded by several

vascular bundies. P 3794 C top #27 x 98

“

EN = endocarp EX = exocarp FA = fI’UIt axis, = gland-hke structures Pl = pith, § =

seed, SE = sepals, SP = septa, V = vascular bundla . -

“

. !






.Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

§

66

66,

67.

68.

69.

70.

71.

- 73. Decodon sp- (Lythraceae).

Longltudmal sectuon showmg raghe in central part of mlddla lntegumentary layer

'Q‘A'o
Plate #12

: '
I . i v ' ) .
\ : : i)

&

Oblnqua lo gztudmal seaction of seed @ng micropylar and chalazal areas. P
CoL D bot #34 x 104, ‘

!‘
)

‘Longnudinal sectlon of mtagumant showing rectangular cells with dark cohtants

of outer intagumentary layer and polyhedral to lsodlametnc cells of
mlddla mtagumentary layer P 1294 A #15 x 308.

- -

Pl‘420bot#18x9 Y

Cross section of germmation valive showmg rectangular cells. P 1294 A #27 x

~

EN
\
W\

Fungal cleustofhecna in sepal P 4019 D top #0 x233.

a

Longltudlnal section of seed shownng germmatnon valve wnth thin’ rectangular
A cells. P 1294 A #25 x 200 e ,

Fig.. 72. Inner integu'm‘antary _layer with helical‘m‘ickenings. P 1294 A #15 x 781.

Fig. 73. Micropylar wres and hnum.‘ P 1142 D bot #2 x234.

H hllum L;

=i inner mtegumentary Iayer M= mnddle mtagumantary layer, Ml micropyle,
; O = outer mtagumantary layer = raphe, V = valve ‘ et :

.,
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Plate 13.° R A
. .‘ ,‘ , ‘. X ‘/' " . . - ‘ - . 1 ‘
'Fig. 74 - 81. Decodan sp. seed and large Ijthracedus seed.. -
\ s

' 'Fig.'74. Longitudinal 'secti‘ori‘ of seed showing embryo fissue. P 3794 C iop #26 "xa15.6.

. Fig. 75. Chalazal end showing possible hypotase. suspensor and embryo. The three
- ,tissues are invaded by fungal hyphae. P 3794 C #27 x 235. *

2
13

Fig. 76 Dicotyiedoneo%s embryo. P 3794 Ctop #26 x 193.
Fig. 77. Lalfge, Iy&urace_oué fruit Witt\.'se\leral seeds. P .1 806 B Sot #'23 x 10.

N .

. 78. Lythraceous seed showing outer integumentafg'—layei with dirk contents, middle -
,in:taesgur%eantary layer with isodiametric cells and réphe. P 3771 C top
#33 x 33. ' S ‘ ‘

: ¢
o _f

hd

. 7'9."Lyﬂ1r'a.c+gous sqeds showing hilum (arrow) 'and raphe. P 1906 B'bot 423 x 30."  »

A

. Fig. 80 Lythraceous seed shgv\iing ra'phe‘f rni\qdig layer of infégdmeht._rP'ﬂQOS B bot
: T #19x 33. . ‘ o SRR ﬁ:{“ ~ ié o

R g

' ) ‘ N . : ‘ ' . ' . ' L L R . &
Fig: 8. lintegument showing outer and middle layers. P3771C to;}: #)'3’3 x 300. - Jf‘g ‘
o . : ‘ . R . i } : h

integumentary layer, N = hucellus, O = outer integimentary layer, R'= _
raphe, SU = suspensor., . . o .

C = cotyledpn, EM = embryo tissue, F = ‘fruit, HY = hyposta'sé,'M' = middie |

=S
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' Plate 14

' Fig. 82 - 87. Vitaceous seeds (Vitaceae # 1 = 82 - 85; Vitaces # 2 = 86 87)

4 - s

Flg.‘ 82. Transverse section of seed (Vltaceae # 1) showing "W" shape due to two
l - fuminations located opposlte the chalaza. 1912 D top # 1 7 x 28.

Vo

Fig. 83 Transverse sectlon of mtegument at rumlnatnon showing the. ossmon of
‘ mtegumentery layers one, two fov.?r and five. ¥ 1789 G bot #7 x 39

\

_ Fig. 84. Transverse;section of chalezal en'd of seed. P 1789 G bot # 1.J.‘x 101.

)
N

Fig. 85. lntegument composed of tangentiall elongated celis of Iayer flve as ace

. . - representing layer four, radlall elongated cells layer two, an
g &ngentlally elongated c'ells of layer one. P 1789 Gbot #11 x 288 . %

e
. 2 :
. . o i

N

'Fig.. 86. Transverse sectnon of seed (Vltaceae #2) shownng W shape due to presence
gfz two rumlnatlons located opposlte the chalaza. P 3984 F bot #3 x -

LY

- - Fig. 87 Transverse sectlon of integument showung tangentlally elongated cells of layer
five, cells with heli€al thickenings of layer three, and bedly preserved
cells of layer two P 3984 F bot #3 X 260

é } .
CH = chalazal end 1= mtegumeqtary layer one 2 mtegumentary layer two, 3. =
' integumentary layer three, 4 = integumentary layer four, 5 =

- mtegumentary leyer five RU = rumination. . X






Plate 15" | I o

| "Fig.‘88 95. Vltaceous seeds (Vltaceae # 2 =88~ 90; Vutaceae # 3 91 - 95)

- Fig. 88. Transverse sec*tlon of lntegument wnth tan entlall elon ed cells /df layer flVQ
o o and polyhedral cells of layer two. 398 bot x 200

“l

‘.Fig; 89 Transverse section.bf layer dne with quadrangular to rectangula thln-walled '
‘ ' cells.d’ 3&5 got #3 x 280 ‘ ‘ L
S :

" Fig. 90. Transverse section of layer two wuth polyhedral cells 3984 botﬁ#z x 170:

Fig. 91. Transverse sectlon of seed Vltaceae # 3 with a. shght ‘W" shape P.1912 D top
o ‘#19 x 20, ‘ ,
f \ .\‘ '
Fig. 92. Transverse sectlon of mtegument showing sclerends of layer flve a space -
‘ representing layer. four, tangentially elongated cells with helical
. thickenings of layer thres, and |rregular shaped cells of Iayer two. P
lSlZDtop #3x200 . '

-

Flg. a3. ‘Transverse seﬁlon of lntegument showmg isodiametric cells of layer three and -
o geactangular to lrregul!f'shaped cells of layer two. P 3984 F bot #0 x
[} 4 )

L ,N,Fig‘.' 94. Oblidue“ section‘q'f sclereids of layer'five. P““‘l'elz D 3ob #7 lc'321. o e

-Fig. 95. Embgorg% (t)issuevshowin‘g. tracheids wi;ﬁ%hﬁfléal tllickehings‘a‘ P1912.dtop # T

' 'CH = chalazal end 1= lntegumentary layer one, 2 mtegumentary layer two, 3 = B -
o : lntegumentary layer. three, 4 = integumentary layer four 5 =
mtegumentary layer five, RU = rumlnatlon

T






Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Plate 16’ ™~
96 - 101, Araceaous seeds,

96. Oblique tongitudinal section showing micropylar area, spines and rldges of
integument. P 25392 B bot #4 x 32.

97. Longitudinal section showing micropylar, chalazal, and raphe areas, P 26138
bot #7 x 39. ‘ \

98. Cross section of seed shownng sgines and lysigenous spaces (arrow),
endosperm and embryo 2541 D #1 x 36.

N
99. Cross secgon of seed showung spines and |ysigenous spaces. P2613 D bot #20
x 33

100. Cross section of seed showing spines and lysigenous spaces (arrows). Central
space represents raphe, the lateral ones represent chalazal and
micropylar areas. P 2613 E bot #30 x 39.

101. Integument with lysigenous spacés. P 2613 D bot #14 x 67.

E = endosperm EM = embryo tissue, F = possible fruit tissue, Ml = mucropylar area, N =

_nucellus, R = raphe






Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

" Plate 17

102 - 1.08. Aracéous seeds,
~,

102. Oblique longitudinal section of micropyle area . P 2592 B bot #4 x 102.

103. Cross section of seed showing showing rectangular nucellar cells. P 2613 D
bot #35 x 156, o

104. Oblique cross section.showing .micropy.lar opening. P 2613 B bot #4 x 128,

105. Oblique longitudinal section of microgylar area with nucellus, endoéperm and
‘ . .possible embryo cells. P 2613 G top #18-x 250. '

106. Longitudinaiﬁsection at chalazal end, showing rectangular to polygonal nucellar
cells. P 2613 B bot #10 x 78.

Fig.TOT Oblique longitudinal section of micropylar area showing rectangular nucellar

Fig.

E = endosperm, EM = embryo tissub, F = possible fruit tissue, Mi = micropyle, N =

cells. P 2613 G bot #35 x 350.

108. Cross saectioh showing nucelius, endosperm.and embr;lo. P 2613 D bot #34 X
- 00.

nucellus. : p

/






Fig.
Fig.
Fig. .
Fig.

Fig.
" Fig.

Fig.

' an

‘Plate 18

\

109 -1 1‘5, Araceou‘syse‘eds.

109 Longitudinal section of raphe showing polyhedral thin-walled cells. P 2613 E -
bot #33 x 350. ‘ . ,

Y

1 10 Longltudlnal sectlon of seed showing embryo with one cotyledon, area of
" ' shoot apex, root apex and root cap. P 2613 E bot #24 x 120

)

111. Longntudlnal sectlon og raphe showing trachelds wuth helical thu;kenmgs P
2613Bbot #10x339 i

112. Shoot apex area. P 2613 E bot 425 x 800. . :

113. Shoot apex gfea with elongated cells of notch. P 2613 E bot #26 x 625.

1 14aoot ‘apex area with cells of root cap. P 261 3 E bot #23 x 232{.

115. Shoot apex area shownng tracheids wuth helical thlckenmgs in hypocotyl P
: 2613 E bot #26 x 312. .
« TR : i

- ’

= cotyledon, CN = cotyledonary node, RA = root apex, RC = root cap. SA = shoot .

==

-apex, V = vascular bundle.’ .

'






¢ E $  Plate 19 .
‘Figs.lI 16‘- 422. Incertae sedis fruit with one ruminate seed.

i

- Flg q16 Longitudinal section of seed with well develo >ed rumlnatlons and embryo
tissue filling part’ o@ seed cavity. P 2077 F bot #1 x 30.

 Fig. 117. Longitudinal section of seed with rumihatidn. P 2077 F biot #8 x 30.

Fig. 118. L-ongi;udinal ‘sectiqr\of seed with small 'ru'mination“. ,P 2077 F bot #5 x 30. .

- . ! ‘ .

Fig. 119. Longltudmal seaction of seed wuthout rumlqatlon showung well developed
% nucellus and endosperm’ P 2077 F #26 x 60.

Vi

Fig. 120. Infeg_ument showing three cell‘ Iayers and nucellus. .P 2077 'F bot #27 x 234.

A Fig. 121 Frult and seed tlssuﬁnear receptacular area showmg a vascular bundle P N
i 2077Fbot 1 x210 .

. : " . \

Fig. 122.-‘ Frui‘t and seed tissues near receptacular area. P 2077 F bot # 1‘3 X 2 1 0. :

E = endosperm EM = embryo tissue, F = fruit, | = inner mtegumentery Iayer M= mnddle ‘
Cor mtegumentary Iayer 0= outer mtegumentary layer, RU = rummatlon S
‘ .= seed.. ,

. . ) : 3 ' . N
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‘Plaste20 - 1
Figs. 123 - 1l2”6.. /hserrae sedis ‘rumihate seed. -

‘ th 123. Seed wuth rummatlon and possuble embryo tussue P 2077 ; bot #1 x 160

\ -~

an 124 Seed wnth rummatlon and possnble embryo tissue. P 2077 F bot #5 x 161

-

' Fig. 128. Nucellus and epdos‘perm; P 2077 F bot‘#27 x 210. .

Fi'g. 126. Endosperm with po?sible sc]éreid. P 2077 F bot #25 x 560.

N
~
LY

E= endosperm EM embryo tissue, F = fruit, N = nucellus RU = rummatuon §= seed
SC= sclerend )} = vascular bundle.
‘ \ .






/' Piate 21
A ‘ - .
'Figs. 127/ 136. /nsertae sedis bilocular fruit. I
- Fig. 127. Tangenggl section of fruit showing three sepals (arrows). P 3773 B bot #19 x-
' L / S . ) ‘ , . L Con ‘
: F|g 128. Tangentlal section of fru|t showing mtegument pertearp and two se als :

L ' (arrows). Note presence of sclereuds in sepal at nght P 377 B bot -
A o . #17x62 ' , , '

Fvg_l 29 Long|tud|nal section of frurt showmg seed pericarp, and vascular bundle
‘intruding seed cavug' Note elongated celis of the receptacle belgw the
. vascular bundle. P 773 B bot#13 x 52 . ~

[

F:g 130 Longltudmal sectlon of fruit shownng pencarp and posstble embryo tissue. P |
A R 37738bot#11x42 , o

b

vFug 131. Longltudmal seqtlon of frunt showmg two locules with one seed wuth nucellusin |
tshg mlcropyler reglon and possuble embryo tissue. P 3773 B bot #7 x

)
.

7 ‘an 132. Integument shownng inner pallsade of sunuous celis, and quadrangular to
rectangular cells, and outer layer of polyhedral to isodiametric cells
\ beneath fruit wall tlssue P 3 71 C top: #29 x 160 o

‘Fug 133 Mlcropylar area shownng nucellus P 3771 c bot #33 x 160.

[

~F|g 134 Embryo tlssues invaded by fungal hyphae P 3771 A #9 x 430

- 'Flg 135 Endosperm and nucellus P 2077 F #25 x 480

.\,

Flg 136. Endoperm wnth sclerelds P 3771 c top #33 X 260

E— endosperm EM embryo tlssue F= frult G gland-hke structure N = nucellus. RE‘ =
; F receptacle Sj-— seed V = vascular bundle. . : .
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Figs. 137 - I'Aﬁnsertae sedis bilocular fruit.
Fig. 1 37.'Cross‘ sectioﬁ 6f‘fruit showing ‘two‘va\scular .strands“ P 3772 Jtop #18 x 60..°

. Fig. 138. Longltudéngl se%tnon of fruit showmg seeds wnth endosperm P 3771 Cc top
: : #33'x 6 .

' , T I . -
. . . . \

o -

Fig. 139. Longltudlan:l section of one frunt Iocule wnth possuble embryo tlssue P 3771 A
: A # 60 . , ‘ ‘ .

a
\
A
u s

- Fig. 140. Receptg%le cells and vaseular tissue intruding seaed ca\;ny P 3773 ,B:bdt,#1“3‘x"‘
| 0. -

Fig..' 141, Longutudmal section of bilocular frul't showmg tendency to Spllt into’ twq .
‘ . pyrenes P 3771 A #7 x 70. : ‘ .

F 4

Fig. 142. Tangential view f surface of fruit showin wregularly s ed cells (Outer
‘ - side of/ﬁ%)t toward nght ) P 3771 top #19 x 13 o

 Fig. 1‘43.‘Gland-llike structure in fruit tissue. P 3772 Jtop #12. ~ . N

“Fig. 144, Group of sclereids in sepal. P 3,7.73 B bqf #17 x~260.‘

E= endOSperm EM = embryoQ tlssue F = fruit, | = inner. mtegumemary Iayer M= rmddle
. integumentary layer; N.= nucellus 0 = outer mtegumentary layea’ RU ="
. rumingtion, S = seed., . . o ,
$- . S
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