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Taxonomic Revision of the Spermatopsida of the Oligocene Creede Flora,
Southern Colorado

By Howard E. Schorn! and Jack A. Wolfe
Abstract

Determination of impressions and compressions of the Creede flora
by two different methods results in markedly different taxonomic place-
ments and partitionings. One method, based on "matching” extant plant
organs with fossils, gives little or no consideration to taxonomic sig-
nificance of the "matching" characters in extant plants. Many
"matches," especially of poorly preserved material, are based on the
present-day association of the "matched" taxon with taxa represented in
the fossil assemblage by well preserved material. Some "matching" char-
acters have resulted from different abrasion and(or) degradation stages,
and other "matching" characters represent different stages in ontoge-
netic development. The second method considers all these significant
factors, and its application to the Creede fossils results in major re-
duction in numbers of families, genera, and species, as well as reas-
signment of many fossils to different supraspecific categories.

INTRODUCTION

The Creede flora represents the only documented late Oligocene
plant assemblage from the southern Rocky Mountains. Hence, valid deter-
minations of the Creede taxa are critical to understanding biogeographic
patterns, phylogeny of clades represented in the Creede flora, and the
paleoecologic implications of the Creede assemblage (Wolfe and Schorn,
in press). The geologic setting of the Creede plant-bearing beds, which
were deposited in the moat of a calderon, has been discussed elsewhere
(Axelrod, 1987; Wolfe and Schorn, in press). The Creede plant-bearing
beds are radiometrically dated at 27.2 million years (Steven and others,
1967; corrected for newer decay constants).

A recent taxonomic treatment of the Creede flora recognized 73
species of Spermatopsida (Axelrod, 1987). Recognized were 2 families, 6
genera, and 19 species of conifers; we recognize 2 families, 4 genera,
and 8 species. Also recognized were 21 families, 37 genera, and 53
species of dicotyledons; we recognize 7 families, 18 genera, and 24
species. Many of Axelrod's (1987) species, moreover, are reassigned to
different families and(or) genera. How can two systematic treatments of
the same material result in such markedly different systematic disposi-
tions of so many taxa?

Axelrod’s (1987) systematic treatment of the Creede flora is fun-
damentally "picture matching" (Wolfe, 1974). In this method, for a
given fossil leaf, an extensive search 1s made of modern comparative
collections in herbaria to find the closest "match" for the fossil. The
fossil is then assigned to the same genus, family, and order as the mod-
ern "match;" these assignments are not made because the fossil has char-
acters that circumscribe the genus, family, or order. The characters
that result in the "match" are typically not stated, and, even if they
are, no evaluation has been made as to whether the characters are taxo-

1Museum of Paleontology, University of California, Berkeley.
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nomically critical (as opposed to characters that might represent onto-
genetic response to environment). If foliar characacters (or characters
of other organs) are described and compared, the descriptions and com-
parisons are typically phrased in undefined terms or terms of uncertain
meanings.

Examples of M"matches" that are based on uncritical comparisons

abound in literature on western American Tertiary floras. Axelrod
(1964, p. 127) described samaras assigned to Acer bolanderi Lesq. (sect.
Acer) as having "...a wing that is sharply truncated under the nutlet,

and the latter displays a complex network of interlacing prominent
veins" versus samaras assigned to A. columbianum Chan. & Axelr.

(supposedly sect. Glabra) as "...having a deep sinus under the nutlet
owing to constriction of the wing there, and the nutlet does not display
a network of veins but has a deep prominent wrinkle." If these fossil

samaras are so clearly distinguishable and each is "matched" by differ-
ent species in different sections of Acer, then how was it possible for
one specimen (Axelrod, 1964, pl. 15, fig. 9) to be assigned to A. bolan-
deri and the counterpart (Axelrod, 1964, pl. 16, fig. 10) of the same
specimen to be assigned to A. columbianum?

A method that is frequently employed to narrow the search for a
"match" is based on modern associations. Once a few to several taxa
(typically the most abundant) are determined in a fossil flora, if the
presumed "matches" of these taxa now live in proximity, then search is
made among the presently associated taxa, or at least those living in
the same general area. Poorly preserved fossil leaves are especially
prone to be "identified" in this manner; the "identifications" are dif-
ficult, if not impossible, to falsify, but they are seemingly consistent
with the modern association. Coming full circle, such "identifications"
have been used as evidence for associational stability during the Ceno-
zoic. A classic example of how associational "matches" can deny morpho-
logic data is that of a taxon originally described as Cinnamomum bendi-
rei in the Oligocene Bridge Creek flora of Oregon. As discussed by
Wolfe (1969, p. 86):

The "holotype" of the associational method of determination (Cain,
1944, p. 43) is in fact an excellent demonstration of the weakness of
the method. Knowlton (1902) originally described Cinnamomum bendirei
from the Bridge Creek assemblage of Oregon. Chaney (1927), however,
interpreted this assemblage as a redwood forest and thus considered

Cinnamomum an incongruous element. He therefore transferred Knowl-
ton’s species to Philadelphus, which would be expected in a redwood
forest. Brown (1940) pointed out that the leaves morphologically

could not be Philadelphus but had the diagnostic characters of Lau-
raceae; he thus transferred the species to Sassafras. This transfer
was ignored by Chaney (1944b, p. 350), who still considered that
Philadelphus was a better choice for a redwood forest. After the
discovery of the living Metasequoia and the realization that the
Bridge Creek assemblage contained not Sequoia but rather Metasequoia,
Chaney (1952) accepted Brown's transfer of the species to Sassafras.
The leaves, however, have the small areoles lacking branched, freely
ending veinlets and the continuous marginal [now fimbrial] vein of
Cinnamomum, Lindera, and Neolitsea; Sassafras has large areoles in-
truded by branching veinlets and lacks a marginal vein (Wolfe, 1960).
Knowlton's determination was more valid than either Chaney’s or
Brown’s.



Both the "picture-matching" and "associational" approaches to determina-
tions of fossil leaves, especially those of the dicotyledons, have led
to many similar misidentifications.

A second source of error in misidentifications of fossil di-
cotyledonous leaves is misapplication of the "living equivalent" con-

cept. The worker basically considers the extant species that has fo-
liage (or other organ) most similar to the fossil as the "living equiva-
lent" of the fossil taxon. This concept was originally developed for

purposes of inferring paleoecology and paleoclimate by assuming that
morphologic similarity indicated physiologic (and hence ecologic) simi-
larity. We will not here discuss ecologic problems inherent in this as-
sumption but will emphasize the taxonomic problems that misapplication
of the "living equivalent" concept has caused.

The misapplication is assuming that all fossil leaves (or other
organs) that have the same supposed "living equivalent" represent the
same fossil species. MacGinitie (1953, p. 79) pointed out the obvious:
two fossils can both be closest morphologically to the same living
species, and yet the two fossils can differ morphologically from that
living species in very different directions. For example, Wolfe (1964)
assigned certain Acer samaras from the Miocene of Nevada to the extant
A. macrophyllum Pursh (the sole extant member of section Macrophylla)
and synonymized with this species the fossil species A. oregonianum
Knowlt. Detailed morphologic analysis, however, indicates that the
Nevada samaras represent an extinct lineage very distinct from that of
A. oregonianum, which, in turn, represents an extinct lineage distinct
from that of its supposed "living equivalent" A. macrophyllum, although
all three lineages belong to Macrophylla (Wolfe and Tanai, 1987).

A second point relevant to the "living equivalent" concept is: a
fossil species can have an uncanalized morphology (Upchurch, 1985), that
is, a fossil species can have wide morphologic wvariation, even wider
than the variation possessed by extant taxa. If this variable fossil
taxon gave rise to several extant taxa by canalizing different charac-
ters in different directions, then a number of subsets of the fossil
taxon will be most similar to a number of the descendant taxa; misappli-
cation of the "living equivalent" concept will then lead to the parti-
tioning of the fossil taxon into a number of fossil species (see later
discussion of Ribes lacustroides).

Excessive partitioning of a fossil taxon at the generic level
could also result from misapplication of the "living equivalent" con-
cept. In the rosaceous Chamaebatiaria group, Wolfe and Wehr (1988) de-
scribed a middle Eocene taxon, Stonebergia columbiana, from one locality
in British Columbia. The variation of S. columbiana includes characters
of Chamaebatiaria, Chamaebatia, and Sorbaria, and Stonebergia is consid-
ered to be ancestral to all three extant genera. Alternatively, all
three extant genera could be considered as "living equivalents" of the
most similar fossils. Specimens of Stonebergia columbiana that are most
similar to Sorbaria, for example, might form the basis for a species of
Sorbaria, and the other fossil specimens assigned to two additional
species, one placed in Chamaebatiaria and the other in Chamaebatia. As
invalid as this alternative taxonomic partitioning might seem, the same
logic has been applied to determinations of numerous Tertiary fossils.

In misapplication of both the "associational" and "living equiva-
lent" methodologies, the extant leaf (or other organ), rather than a
fossil, has become the holotype for the morphologic definition of a fos-
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sil species. Comparisons then may not be made between two fossils but
rather between each fossil and the extant organ, and, if both fossils
are similar to the organ(s) of the same extant species, the two fossils
are considered to be conspecific. A major result of these approaches
has been that morphologic differences between fossil and living taxa or
between two fossil taxa are ignored or lost; this morphologic informa-
tion may be critical in phylogenetic reconstructions and in understand-
ing relationships between extant plants.

For many decades these approaches were the primary methods used
for identification of Cretaceous and Tertiary foliage. Since the 1960's
and 1970’'s, however, paleobotanists working with leaves have (1) devel-
oped criteria for the recognition of characters that are critical at
taxonomic levels above the species and (2) rigorous terminology for de-
scriptions (for example, Hickey, 1973; Dilcher, 1974; Wolfe, 1974, in
press; Hickey and Wolfe, 1975). Our taxonomic revision of the Creede
flora reflects this newer approach to the determinations of fossil
leaves. Development of this new approach, commonly referred to as leaf
architecture, involves detailed comparative morphologic and(or) anatomi-
cal analyses of a wide range of foliage of extant plants, typically us-
ing chemically cleared specimens. Taxonomically critical foliar charac-
ters are those that circumscribe groups of taxa as traditionally recog-
nized on the basis of criteria of morphology of reproductive structures.
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SYSTEMATICS OF THE CREEDE FLORA

Many of the Creede species described as new by Axelrod were mini-
mally described, and thus we have included thorough descriptions based
(for the angiosperms) primarily on Hickey's (1973) terminology. Excep-
tions and(or) additions are: (1) "abmedial" is wused in place of
Hickey's "exmedial" (Wolfe and Wehr, 1987), (2) "external secondary
vein” (von Ettingshausen, 1861) is used in preference to Hickey's
"secondary vein branch," (3) topology of teeth and their associated
veins is given (Hickey and Wolfe, 1975), (4) in lobed leaves, topology
of lobal sinuses and their associated veins is given (Wolfe and Tanai,
1987), (5) veinlets that branch irregularly from a few to several times
are referred to as "dendritically branching," and (6) descriptive terms
for deeply cleft laminae follow Wolfe and Wehr (1988).

Comparisons of various conifer organs would be greatly facilitated
if all workers adopted a standardized approach for illustration. By
convention, objects should be oriented with their upper/distal/apical
ends toward the top of a page or plate. Similarly, a standardized ter-
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minology for each conifer organ would allow ready comparisons, even in

the absence of illustrations. For some organs, terminology exists in
the literature, but the winged seeds and cone scales of, for example,
Pinus have received much less attention. However, Klaus (1980) deals

thoroughly with apophysis-umbo-mucro relations for Pinus (see fig 6
later) cone scales, and we propose (see fig. 1 later) a terminology for
pinaceous winged seeds.

If standardized morphologic terminologies are not employed and
particularly if descriptions are very brief, we urge that illustrations
of specimens be adequate for other workers to recognize critical
characters of the taxon. In many instances, this should involve
photographic enlargements and(or) line drawings at the appropriate
magnification to illustrate critical characters.

Some of Axelrod’s (1987) new species were also improperly typified
according to the International Code of Botanical Nomenclature (ICBN;
Greuter and others, 1988). We have also suggested corrections for some
orthographic errors in spelling of specific epithets according to the
recommendations of the ICBN.

In compliance with Geological Survey policy relative to open-file
reports, no new names or new combinations are formally proposed.
"Primary example" and "secondary example(s)" are equivalent to specimens
that, if a formal species or new combination were proposed, would be
"holotype" and "paratype(s)," respectively. "Tertiary example(s)" would
be equivalent to "hypotype(s)."

We have generally excluded from the study most specimens of pre-
sumed angiospermous reproductive structures that were determined by Ax-
elrod (1987); most of these specimens are poorly preserved impressions
that lack characters critical for identification. For example, on the
plate legend (Axelrod, 1987, p. 224), the specimen assigned to Fallugia
lipmanii is cited as "achenes with plumose styles." The description,
however, states "styles, if plumose, were closed in water" (Axelrod,
1987, p. 129). Plumose styles cannot be demonstrated to be present on
this specimen, and thus assignment to Fallugia cannot be substantiated.
However, the infructescence assigned to Populus (Axelrod, 1987, pl. 21,
fig. 1) and the fruits assigned to Cercocarpus (Axelrod, 1987, pl. 26,
figs. 13, 14) have sufficient characters preserved to indicate probable
validity of the generic assignment. The specimen thought to represent a
pod of the legume Robinia (Axelrod, 1987, pl. 32, fig. 6) also has crit-
ical characters preserved; this specimen represents a larva of a taxon
of the crane-fly family Tipulidae (H. I. Scudder, oral commun., March,
1989).

As the last item in each synonymy, the designation used by Wolfe
and Schorn (in press) is given. A few taxonomic changes were made after
the Wolfe and Schorn (in press) manuscript was accepted for publication.
These changes involve recognition of two additional but rare species of
Pinus. These changes only minimally alter the sample scores or scores
of other species in the multivariate analyses.

The specimens on which our revision of the Creede flora is based
include the material deposited in the University of California Museum of
Paleontology (UCMP) and the University of Colorado Museum (Geology De-
partment; UCMG), that is, the same material that formed the basis for
Axelrod’s (1987) treatment. Material, largely collected by B. K. Stew-
art in the 1930's, housed in the U. S. National Museum (USNM) has also
been used. Included in these collections is material of one taxon
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(Rosoideae gen. indet.) that was apparently overlooked in the prior sys-
tematic analysis.

SYSTEMATIC LIST

Coniferophyta
Coniferae
Coniferidae
Coniferales

Cupressaceae
Juniperus creedensis Axelr.

Pinaceae
Abies rigida Knowlt.
Picea sp.
Pinus crossii Knowlt.
Pinus riogrande Axelr.
Pinus sanjuanensis Axelr.
Pinus sp. 1
Pinus sp. 2

Magnoliophyta
Magnoliatae
Ranunculidae
Ranunculanae
Berberidales
Berberidaceae
Berberis coloradensis Axelr.
Mahonia sp.
Dilleniidae
Dillenianae
Salicales
Salicaceae
Populus sp.
Salix sp.
Rosidae
Rosanae
Saxifragales
Philadelphaceae
Jamesia caplanii Axelr.
Grossulariaceae
Ribes lacustroides Axelr.
Ribes sp. 1
Ribes sp. 2
Rosales
Rosaceae

Eleiosina sp.

Aff. Luetkea sp.

Stockeya creedensis (R. W. Br.) Wolfe & Wehr
Holodiscus sp.

Crataegus creedensis Axelr.

Sorbus potentilloides (Knowlt.) Axelr.
Potentilla sp.

Cercocarpus sp. 1

Cercocarpus sp. 2

Rosoideae, gen. & sp. indet.
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Osmaronia? sp.
Prunus creedensis Axelr.
Prunus sp.
Fabales
Leguminosae
Cercis sp.
Legume, gen. & sp. indet.
Asteridae
Lamianae
Scrophulariales
Bignoniaceae
Catalpa sp.
Liliatae
Incertae Sedis
Monocotylophyllum sp.

SYSTEMATIC DESCRIPTIONS AND DISCUSSIONS

Family CUPRESSACEAE
Genus JUNIPERUS Linnaeus

Juniperus creedensis Axelrod
Plate 1, figures 1, 2

Juniperus creedensis Axelrod, 1987, p. 99, pl. 16, figs. 1-9.

Sabina linguaefolia auct. non (Lesquereux) Cockerell. Knowlton, 1923,
p. 187.

Wolfe and Schorn (in press) designation: Juniperus creedensis.

Description.--Foliated axis poorly preserved, length about 9 cm,
width of basal axis 0.4 cm and of apical parts about 0.15 cm; branching

alternately (apparently from all sides of axis). Leaf shape rhombic,
ternate phyllotaxis common, decussate phyllotaxis rare and typically in
more apical parts of axis, infrequent poorly expressed glands. Fruit

globose, diameter 0.9-1.4 cm, detailed preservation lacking but seed
cavities present, stock 0.1-0.2 cm long and with minute leaves.

Discussion.--Juniperus creedensis was described (Axelrod, 1987, p.
99) as "...scale leaves in 2's [decussate], opposite, closely ap-
pressed..." Most specimens of J. creedensis have ternate rather than
decussate phyllotaxis. The poorly preserved holotype of J. creedensis
shows rare glands and both ternate and decussate phyllotaxis. The ter-
nate phyllotaxis is most prominent in older (proximal) portions of the
axis and is particularly evident in specimens that preserve a natural
break of the axis. The rare, more flattened decussate phyllotaxis oc-
curs in younger (distal) portions of the foliage. The ternate phyl-
lotaxis excludes the Creede material from the New World group of Cu-
pressus, which has exclusively decussate phyllotaxis.

Juniperus creedensis was compared to the extant J. osteosperma
(Torr.) Little and the extant J. californica Carr. (Axelrod, 1987). Ju-
niperus osteosperma is both decussate and ternate, and the glands are
typically poorly expressed (Edwards, 1983), as in J. creedensis; J. cal-
ifornica is mostly ternate and has well developed glands. The Neogene
J. nevadensis Axelr. has phyllotaxis and degree of glandularity similar
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to J. creedensis, but the axes and ovulate cones of J. creedensis are
slightly more robust than in J. nevadensis (Axelrod, 1987).

A second described species of Creede Juniperus, J. gracillensis
Axelr., is not a gymnosperm. Although described as having closely ap-
pressed, scale-like leaves that have two-ranked (decussate) phyllotaxis
(Axelrod, 1987, p. 100), the specimens are branching, planar laminae
that have medially positioned vascular strands. These specimens repre-
sent the rosaceous aff. Luetkea sp.

Holotype.--7447.
Paratypes.--7448-7475.

Family PINACEAE

Discussion.--The extensive collections available from the Creede
area (Axelrod, 1987, tables 1-4) produced 7628 conifer specimens. Al-
most half (3668) are impressions of foliage axes and cones of a single
species of juniper. The remaining half (3955) Axelrod distributed among
10 species of Pinus, 3 species of Picea, 2 species of Abies, and 1
species each of Pseudotsuga and Tsuga.

The assignment of the Creede material to 5 genera and 17 species
of Pinaceae exaggerates the diversity of the family at Creede and par-
tially resulted from failure to exercise caution regarding the identifi-
cation of poorly preserved material. Identification of the various im-
pression organs must rely on adequate morphological information; that
is, in order for any fossil to be assigned to a particular taxonomic
level, the fossil must have the set of characters that are necessary to
identify the organ to that level. The following discussions of the
Creede pinaceous fossils emphasize both preservational states of the
fossils and comparative morphology of extant Pinaceae.

Ovulate cones.--The 63 ovulate cone impressions from Creede dis-
play all degrees of abrasion and(or) deterioration prior to burial, a
major factor not taken into account by Axelrod (1986, 1987). On plate 2
are arranged seven ovulate cones in order of increasing degree of abra-
sion. We arbitrarily designate these as abrasion stages 1 through 6;
stage 1 shows little or no abrasion, but in stage 6 the cone is so seri-
ously abraded that only the sturdy woody axis remains. In our opinion,
cones of abrasion stage 4+ or greater are unidentifiable at the generic
level. An assignment to a plus (+) designation means we consider the
degree of abrasion to be intermediate between the illustrated examples.
Using this method, for example, we support our assignment of the holo-
type of Picea coloradensis Axelr. to Pinaceae Genus Indetermined by re-
ferring it to abrasion stage 5; the holotype of P. coloradensis is cho-
sen to typify abrasion stage 5. Similarly, the holotype of Tsuga
coloradensis Axelrod is referred to abrasion stage 4+ and is also trans-
ferred to the indetermined category (see pl. 2, figs. 5, 8).

Examples of differential cone abrasion and the varying types and
quality of fossil preservation are not unique to the Creede material.
Illustrated here (pl. 3, figs. 1-3) are two early Pleistocene specimens
from Potrero Canyon, California (Axelrod, 1967) and a Miocene impression
from Turkey. Figure 1 is a naturally recovered longitudinal section of
a cone that clearly exhibits all "abrasion" stages except the external
surface impressions of stages 4 and 5. The specimen illustrated as fig-
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ures 2 and 3 is a naturally occurring three-dimensional cone broken out
of the rock matrix. Figure 2 shows the specimen with 10 attached cone
scales that distinguish this as a pine. The outer surface of the cone
scales represents approximately abrasion stage 2+. When the small group
of identifying cone scales is removed from the specimen (fig. 3), it be-
comes indetermined to genus, that is, abrasion stage 4+ (fig. 3). The
basal part of the Turkish Miocene specimen (pl. 3, fig. 4), which has
carbonized cone material present, would be impossible to assign to
genus. In the apical area where the carbonized material is absent, the
structure of the Pinus (Pinus) apophysis-umbo-mucro is clearly exposed.
The differential preservational states illustrated by these fossils must
be recognized in order to evaluate properly the taxonomic significance
of the fossil record of Pinaceae. Taphonomic studies directed at under-
standing the processes and results of biological and(or) mechanical cone
abrasion and deterioration are clearly needed in this aspect of paleo-
botany. An evaluation of the Creede ovulate cones based on abrasion
criteria is given in table 1.

Table 1. Abrasion stages of Creede ovulate cones of Pinaceae. Taxo-
nomic assignment of pinaceous ovulate cones, including partial cones, as
recognized by Axelrod (1987), the number censused (and illustrated) by
Axelrod (1987), and their abrasion stages. One illustrated specimen of
Pinus sanjuanensis (Axelrod, 1987, pl. 13, fig. 10) not in collections.

Taxon Number Abrasion stage

Picea coloradensis 5 (2) 5 and 6
P. lahontensis 1 (2) 3 and 4+
Pinus coloradensis 2 (2) 2 and 4
P. crossii 35 (2) 1 and 2
P. engelmannoides 1 (1) 4

P. florissantii 0 (1) 2+

P. ponderosoides 2 (3) 2 and 4
P. riogrande 2 (3) 2 and 4
P. sanjuanensis 1 (2) 2 and 2+
Pseudotsuga glaucoides 10 (4) 4+, 5 and 6
Tsuga petranensis 1 (2) 44+ and 5

Winged Seeds.--Seeds that have wings are present in all the least
modified members of the Pinaceae. Only certain members of Pinus, such
as the nut pines (subsection Cembrae) and pinyon pines (subsection Cem-
broides) have independently derived wingless seeds. Of the 10 genera in
the family, only members of Pinus have developed a special condition in
which the wing easily separates from the seed without any mechanical
tearing of the wing. Such disarticulation of the wing from the seed is
accomplished by the hygroscopic tissue of the wing. When the wing is
dry a strip of wing tissue clasps firmly on either edge of the seed,
holding the wing and seed together. 1In this condition, the wing and
seed are said to be articulated, but not adnate or fused. When such
winged seeds become wet, the hygroscopic tissue adsorbs water and these
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cells swell, causing the two strips of wing tissue that clasp the seed
to pull away from the seed. Articulated winged seeds have been indepen-
dently derived in both subgenus Strobus and subgenus Pinus.

The method of origin of the wing and seed in the Pinaceae is not
widely recognized, but this is an extremely important feature as it re-
lates to proper identification and the subsequent interpretation of the
fossil record of winged seeds. The wing and seed in Pinaceae are of
independent origin, unlike in Cupressaceae and Taxodiaceae, where the
wing is derived from the outer coat of the seed. The wing in Pinaceae
has its origin with the cone scale and will develop whether or not the
ovule is fertilized and(or) matures. This feature has probably been in-
dependently recognized a number of times (James Eckenwalder, oral comm.,
1985), but we are not aware of a more explicate discussion than the pub-
lication on Pseudotsuga menziesii (Mirb.) Franco by Allen and Owens
(1972, pp. 120-123). 1If, as is typically the situation with the most
basal and apical scales in Pinaceae, the scale is sterile or the ovule
aborts early in development, the wing is developed without a normal seed
and has a very different morphology than its winged-seed sibling that
has a fully developed wing and seed (pl. 3, fig. 5). 1In fact both fully
developed and aborted types can be borne on the same cone scale (pl. 3,
figs. 5e, 5g). Recognition of this attribute of Pinaceae wing/seed on-
togeny is necessary, because very differently appearing structures en-
sue, and these could be interpreted as different species or even differ-
ent genera (pl. 2, figs. 10, 11). For example, such undeveloped, atypi-
cal winged seeds in the Creede collections were distributed among four
genera and seven species (Axelrod, 1987: Tsuga, pl. 7, fig. 10; Picea,
pl. 8, figs. 7-14; Pinus, pl. 9, figs. 5-7, pl. 10, figs. 3, 6, and 7,
and pl. 12, figs. 2, 3, and 4; Pseudotsuga, pl. 15, figs. 7 and 8).
When these wundeveloped, atypical winged seeds are recognized, they
should simply be assigned as atypical winged seeds of the genus if pos-
sible, or otherwise as atypical winged seeds of Pinaceae.

The winged seeds of Pinaceae form a significant portion of the
fossil record of the family. A literature review and personal observa-
tions of 15 paleofloras ranging in age from late Eocene to Pleistocene
gives the following relative abundance of the different types of de-
tached organs found as Pinaceae impression fossils: defoliated axes,
0.28 percent; foliated axes, 0.85 percent; ovulate cones, 1.14 percent;
detached ovulate cone scales, 1.73 percent; detached leaves and(or) fas-
cicles, 36.99 percent; winged seeds, 58.98 percent. Male cones are rare
and not commonly recognized or recorded (see pl. 3, figs. 8, 9). The
relatively high overall percentage of fossil winged seeds of Pinaceae
(55-60%) indicates how important this record is to our understanding of
the history of the family. However, based on the large number of
misidentified winged seeds, the morphology of these organs is apparently
the least understood feature in the family. For this reason, we present
illustrated keys for generic identification of the winged seeds of
Pinaceae (the terminology we use for describing winged seeds is shown in
fig. 1; the keys are figs. 2 and 3). Two keys are presented because
single specimens of fossil winged seeds present only one surface of the
seed and may not show the resin vesicles, pterostegium, or other fea-
tures that are necessary for identification. The first key (fig. 2) is
usable for living material and those fossils that have the adfacial sur-
face of the winged seed exposed; such fossils should provide a high
level of accurate identification, especially if well preserved. If the
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fossils expose the abfacial surface or are of poorer quality preserva-
tion, more chance for error of identification exists. The greatest
probability is to confuse small Pinus and Picea, and Tsuga-Larix-Pseu-
dotsuga. The indentation on the admedial edge of Picea seeds distin-
guishes them from Pinus seeds. If the diagnostic characters of Tsuga
(resin vesicles and wing cellular pattern), Larix (convex adfacial sur-
face of seed and wing cellular pattern) and Pseudotsuga (flattened ad-
facial surface of seed and wing cellular pattern) are poorly preserved
or do not show because of orientation in the rock, it would be more re-
alistic and conservative to refer such specimens to Pinaceae cf. Tsuga-
Larix-Pseudotsuga. These types of fossils can also be compared to other
well preserved specimens from the same fossil flora, giving tentative
assignments based on sharing of less critical characters. Whatever
course is taken, we suggest that poorly preserved material should not be
"overworked"” by basing new species on such material.

sdmedial edge

abfaclal surface
.—distal end or-pteroderm)

adfaclal surface

wing (wing membrane

toward cone apex

abmedial edge

proximal end

seed
pterosteglum
toward cone base adfaclal surface abfaclal surface
Orientation relative to position on cone scale Parts of winged seed

Figure 1. Proposed terminology for winged seeds of Pinaceae.

The winged seeds of Pinaceae from Creede (excluding Abies) are
keyed out as follows.

A. Wing adnate
1. Admedial edge of wing 1 cm long or less
a) Seed small, <3 mm..........coiivunnnn. atypical Pinus 1
b) Seed large, >3 mm
1) Admedial edge of proximal end of seed

with concave indentation..............c.ccvvvuvenn Picea
2) Concave indentation absent......... atypical Pinus 2
2. Admedial edge of wing >1 cm long
a) Seed small, <3 mm long................... atypical Pinus 3
b) Seed intermediate, 3-5 mm long............... Pinus type A
c) Seed large, >5 mm long..........ciiiiinnnn.. Pinus type B

B. Wing disarticulated
1. Admedial edge of wing <2 cm long

a) Vacated seed area <1.5 mm wide........... atypical Pinus &4

b) Vacated seed area 2.5-3.5 mm wide............ Pinus type C
2. Admedial edge of wing >2.5 cm long, vacated

seed area >S5S mm wide. . ....... ... ... . . .. Pinus type D



The total winged seeds assigned to each species as recognized by Axelrod
(1987, tables 1-4) and their keyed equivalents follow.

Abies concoloroides
A. rigida

Picea coloradensis
P. lahontensis

P. sonomensis
Pinus alvordensis

P. coloradensis
P. crossii

P. macginitiei
P. ponderosoides
P. riogrande

P. wasonii
Pseudotsuga glaucoides
Tsuga petranensis

The re-evaluation just

2 [not in collections,

not evaluated]

30 = Abies rigida (+ Picea

sp. in part)

10 = atypical Pinus 1

16 = Picea sp. (+ Abies rigida, atypical
Pinus 2, indet. Pinaceae in part)

2 = atypical Pinus 1 and 3

6 = atypical Pinus 1 and 3

3 = atypical Pinus 2, 4, and Pinus type A
147 = Pinus type C

1 = Pinus type D

22 = Pinus type C

none censused but 3 figured = Pinus type A
and atypical Pinus 4

at least 3 = Pinus type 3

4 = atypical Pinus 2

2 = atypical Pinus 2

listed, concomitant with our systematic re-

visions, indicates that pinaceous winged seeds from Creede can be enu-

merated as follows:

Abies rigida
Picea sp.
Pinus crossii
P. sp. 2

P. spp. indet.

31
9
172
1
33.

Fascicles and isolated needles.--Two types of fascicles occur at Creede:
a two-needled morphotype that has leaves 2 to 3 cm long (type 1), and a
five-needled morphotype that has leaves varying from slightly under 2 cm
to about 6 cm long. Both types have a deciduous sheath and shoot mor-
phology typical of the soft (Haploxylon) pines of subgenus Strobus. By
shoot morphology we are referring to the shape and structure of the
basal "short shoot" axis to which the leaves are attached. In the soft
pines, the shoot is circular in outline and, because the sheath is de-
ciduous, the shoot has small scars exposed where the individual sheath
elements were attached to the shoot. In the Creede material, the ex-
posed shoot appears as a shortened cylinder that is approximately as
wide as tall. The hard pines (subgenus Pinus) have a more pronounced
bilaterally symmetrical, slightly bulbous shoot, and the sheath is per-
sistent (except in Pinus leiophylla Scheide & Deppe; W. B. Critchfield,
oral commun., 1980). Mechanical removal of the persistent sheath very
typically results in individual leaves falling off.

Variation in needle length of the five-needled type 2 is atypi-
cally great for extant pines. A histogram of needle length (fig. 4) in-
dicates that two taxa could be represented, one that has needle length
less than 3.5 cm (dominantly 2.0 to 3.0 cm) and one that has needle-
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l. Seeds with resin vesicles; a portion of the proximal, abmedial cellular pattern of the wing is
directed toward the abmedial edge of wing, and intersects the edge at an angle

A. Pterostegium well developed on the adfacial surface of seed

1. wing widest in distal /2 ABIES

2. wing widest in proximal /2

a. wing 1.25-1.50 times longer than seed KETELEERIA

b. wing 2.50-3.25 times longer than seed PSEUDOLARIX
B. Pterostegium little or not expressed on the adfacial surface of seed

1. wing widest in distal /2 CEDRUS

2. wing widest in proximati 1/2 TSUGA @
1. Seeds without resin vesicles

A. Cellular pattern of wing wavy (undulating} parallel to long axis of wing, wing typically
constricted or wrinkled along lines perpendicular to the long axis of the wing

PINUS

B. Cellular pattem of wing not as above ’

1. wing widest in distal 1/2; seed typically with indentation at the proximal end of the
admedial edge; pterostegium not typically expressed

PICEA
2. wing widest in proximal /2
a. seed rounded distally, adfacial surface of seed convex; small area of

pterostegium on proximal end of seed
LARIX

b. seed angulate distally, adfacial surface of seed flattened; small area of
pterostegium on proximal end of seed
PSEUDOTSUGA

Figure 2. TIllustrated key for generic identification
of winged seeds of Pinaceae that have adfacial surface
exposed. Cathaya was not available for study.
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1. Cellular pattern of wing wavy (undulating) paraltel to long axis of wing, wing constricted or

wrinkled along lines perpendicular to the long axis of the wing

PINUS
Hi. Cellular pattern of wing not as above

A. A portion of the proximal, abmedial cellular pattem of the wing is directed toward the
abmedial edge of wing, and intersects the edge at an angle

1. wing widest in distal /2
a. proximal end of seed blunt, seed elongate oblong, oval or triangular

ABIES

b. proximal end of seed not blunted, seed typically oblong

CEDRUS

2. wing widest in proximal /2

a. wing+seed typically less than 2 cm long TSUGA B

b. wing+seed typically greater than 2 cm long, wing tissue very dense along
abmedial edge of seed

*1 wing 1.25-1.50 times longer than seed

KETELEERIA

*1l wing 2.50-3.25 times longer than seed

PSEUDOLARIX

B. all cellular pattern of wing is parallel to long axis of wing; none as in A above

1. wing widest in distal 1/2; seed typically with indentation at the proximal end of the
admedial edge

PICEA
2. wing widest in proximal 12

a. seed rounded distally LARIX @
b. seed angulate distally

PSEUDOTSUGA

Figure 3. Illustrated key for generic identification
of winged seeds of Pinaceae that have abfacial surface
exposed. Cathaya was not available for study.
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-length over 4.0 cm. However, one shoot (UCMG 34154) has 17 attached
fascicles, in which needle length varies from 2.4 to 6.0 cm; the long-
needled fascicles are both at the basal and at the apical parts of the
incomplete shoot, and the short-needled fascicles are in between. These
relations could be interpreted as the two groups of long-needled
fascicles representing the moister, earlier parts of two growing seasons
and the short-needled fascicles representing the drier, later part of
the growing season in between. This interpretation <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>