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ABSTRACT

Recently discovered frond remains assignable to Osmunda wehrii Miller
(Osmundaceae), as well as several new records of woodwardia (Blechnaceae),
and a new onocleoid fern are reported from the Tertiary of western North
America. Pinnule morphology of O. wehrii supports the inclusion of this species
in Osmunda subgenus Osmunda, as originally proposed by Miller and suggests
a close affinity to O. regalis L. and O. japonica Thunb. New occurrences of the
woodwardia aerolata clade are noted for the Late Paleocene of western North
Dakota and of a highly reticulate-veined form from the Miocene of western
Washington. Re-evaluation of specimens of w. deflexipinna H. Smith (Succor
Creek, Miocene) confirms its close affinity to w. virginica J. Smith. A fern with
onocleoid anatomy is recognized from the middle Eocene Clarno Nut Beds of
Oregon. Together, these examples demonstrate that the presence of critical
taxonomic features, even in fragmentary remains, can increase our knowledge of
filicalean fern evolution, biogeography and ecology in the Tertiary.

INTRODUCTION

Despite a widely held belief that the fossil record provides little information about
them, filicalean ferns, including derived forms, are a relatively common component of
many Tertiary floras. However, the impact of the fossil record in deciphering Tertiary
fern evolution has been limited for several reasons. The focus for many Tertiary
researchers has been on the collection and comparison of angiosperm remains, although
ferns are typically included and occasionally highlighted in published treatments of
floras (e.g., Pabst, 1968). Often paleobotanists focus on investigating major groups of
plants during what they perceive as key moments of evolutionary times. In the case of
ferns, which have been thought by many to undergo their major radiations primarily
during the Paleozoic and Mesozoic, the pulses and subsequent evolution of many
filicalean ferns in the Tertiary previously have been ignored. Fragmentary remains,
particularly of nonfertile fronds, have not been studied in detail, because of the
perceived difficulty of relating fossil material to modern taxa. Occasionally, florules
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have been recovered that contain fern remains in essentially monotypic stands (e.g.,
Smith, 1938; Crabtree, 1988); however, these localities have been rarely studied. In
recent years, several whole plant reconstructions of fossil ferns have been produced
(e.g., Rothwell and Stockey, 1991; Pigg and Rothwell, 2001) and new emphasis has
been focused on fern biogeography and ecology (Collinson, 2001, 2002; Page, 2002).
With this new attention accorded to the fossil ferns of the Tertiary, the potential now
exists for a better understanding of their evolutionary, biogeographic, and ecological
significance.

Our recent work in the middle Miocene, permineralized Yakima Canyon flora of
central Washington, USA has provided information on three fern genera that occur
there: Osmunda wehrii Miller (Osmundaceae); woodwardia virginica J. Smith
(Blechnaceae), and a small fern with onocleoid vegetative anatomy, wessiea

yakimaensis Pigg & Rothwell (Miller, 1982; Pigg and Rothwell, 2001). In this
contribution we report new occurrences of related taxa in several Tertiary localities of
western North America. Together, these examples show that even fragmentary fern
remains, when demonstrating critical taxonomic features, can provide considerable new
information about filicalean fern evolution in the Tertiary.

RESULTS AND COMMENTS

Osmunda wehrii (Osmundaceae)

Osmunda wehrii was described from permineralized rhizomes and leaf bases by Miller
(1982) from Yakima Canyon, central Washington, USA, where it occurs intermingled
with taxodiaceous foliage, stems and cones, the abundant foliage and smaller rhizomes
of woodwardia virginica and rhizomes and stipes of wessiea yakimaensis (Pigg and
Rothwell, 2001). Several pinnules of Osmunda wehrii have recently been recognized in
attachment or closely associated to O. wehrii stipes (Figs. 1, 2). Fronds are bipinnate
and the most extensive segments are up to around 2.8 cm long and represent portions
of pinnae and individual pinnules. The pinnules are up to 8 mm long and 3.5 mm wide
and each has an oblique base (Fig. 1, 2). Venation is dichotomous with the initial
forking occurring close to the point of divergence of lateral veins from the pinnule
midvein with a second and third order of dichotomies occurring in the basal part of
pinnules (Fig. 2). Based on these morphological features, Osmunda wehrii pinnules are
assignable to the subgenus Osmunda, which includes the extant royal fern, O. regalis,

and the two Asian species O. japonica and O. lancea. Pinnules are most similar to those
of O. regalis (Fig. 3) and O. japonica both of which share with O. wehrii the features
of an oblique pinnule base and multiple vein dichotomies, features that O. lancea lacks
(Hewitson, 1962). Anatomical details still under investigation will provide additional
information about this middle Miocene member of Osmunda subgenus Osmunda.

Woodwardia aerolata (Blechnaceae)
A fern with possible affinities to w. aerolata is recognized from Late Paleocene
Beicegel Creek flora of western North Dakota, USA (Figs. 4, 7). This flora is very
similar to the Almont flora of central North Dakota (Crane, et al., 1990), both in
composition and preservational type. However, in comparison to the Almont flora,
material from the Beicegel Creek flora tends to have a greater percentage of
permineralized specimens and provides an unparalleled opportunity to critically
examine both the anatomy and morphology of Late Paleocene taxa (DeVore et al.,
2003). Previous to our studies no ferns have been described from Almont or Beicegel
Creek, however several fragmentary fern pinnules that represent at least two different
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Figures 1,2. Osmunda wehrii pinnules from Yakima Canyon, Middle Miocene,
Washington, USA, Figure 1. Overview of pinnae attached to rachis, x 4. Figure 2.

Detail of pinnule to show dichotomising venation, x 4.3. Figure 3. Osmunda regalis

pinnule for comparison, x 5. Figures 4,7. woodwardia pinnule from Beicegel Creek,
Late Paleocene, North Dakota, USA. Note elongate, pinnatifid pinna and diamond-
shaped aeroles characteristic of extant w. aerolata. Figure 4. Detail of pinnule, x 3.8.
Figures 5,6,8. (left), 9-11. woodwardia deflexipinna vegetative and fertile pinnae,
Middle Miocene Succor Creek, Oregon, USA. Figures 5,6. Overviews of disarticulated
pinnae, x 1.5, and x 2.7, respectively. Figure 7. Overview of Beicegel Creek specimen,
x 2.5. Figure 8. Sori with flap-like indusia, at left: fossil w. deflexipinna, x 15; at right:
SEM of extant w. virginica, x 16. Figure 9. Rhizome with crozier (at arrow) previously
illustrated by Smith (1938) and Graham (1965), x 1. Figures 10,11. Fertile pinnae of w.

deflexipinna showing indusiate sori (arrows), x 3, and x 4.3, respectively.



types of ferns recently have been recovered. The woodwardia specimen is 3.5 cm long
x 2.7 cm wide, and is comprised of a pinnatifid, possibly apical, portion of the frond
showing several pinnule lobes (Fig. 4, 7). The venation includes relatively coarse
elongate, diamond-shaped aeroles 4-6 mm long x 6-8 mm wide and is marginally freely
dichotomising, confirming its identification as woodwardia rather than Onoclea

(Collinson, 2001). A second taxonomically important character, the presence or absence
of marginal teeth could not be determined from available material. 

A second group of woodwardia taxa with an excellent fossil record are those of the
w. virginica clade (=Anchistea sensu Cranfill and Kato, 2001). woodwardia

deflexipinna was originally described from the Miocene Succor Creek of Oregon based
on material collected from a small florule where these ferns occurred in a nearly
monotypic stand. Fronds, rhizomes, crosiers and fertile remains were described and
briefly illustrated by H. Smith (1938) and later by Alan Graham (1965). Reinvestigation
of this material confirms that the vegetative and fertile remains are remarkably like
those of both fossil and extant w. virginica (Figs. 5, 6, 8-11; Pigg and Rothwell, 2001).
Frond remains are pinnatifid pinnae preserved for up to 6.5 cm long wide with up to 10
pinnule segments (Figs. 5, 6). Pinnules are 11mm long x 4 mm wide. Like w. virginica,
this species has a single series of areoles that parallel the midvein, and relatively few
anastomoses in the lateral part of the pinnule. Meshes are 3-4 mm long x 0.5-0.7 mm
across (Fig. 6). Fertile frond fragments consist of elongate sori around 2 mm long x 0.5
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Figure 12. woodwardia Miocene, Vasa Park, Washington, USA. Vegetative frond
segment showing highly reticulate pattern of venation, x 1.3. Figures 13-15. Onocleoid
fern, Middle Eocene Clarno Nut Beds, Oregon, USA. Figure 13. Transverse section of
rhizome showing helically arranged, attached stipe bases, x 1.5. Figure 14. External
view of rhizome showing numerous attached stipes and adventitous roots, x 0.9. Figure

15. Detail of stipe trace (arrows), x 5.



mm wide, each partly covered by an elongate, flap-like indusium that hinges along its
outer side like those of w. virginica (Figs. 8, 10, 11). A crozier-bearing rhizome,
previously illustrated by Smith (1938) and Graham (1965) is around 9 cm long and 1.2
cm thick (Fig. 9). Spores have not been recovered.

A third new occurrence of fossil woodwardia is from the Miocene Vasa Park locality
near Seattle. Only a few fragments have been discovered to date. The largest is up to
3.8 cm long x 3.4 cm wide and includes several pinnules. Pinnules are 1.8 cm long x
0.9 cm across, and veins are highly reticulate, resulting in short, polygonal meshes 2-3
mm long x 0.8-1.0 mm (Fig. 12). In comparison with extant species, these remains
mostly closely resemble those species with numerous, short, polygonal reticulations in
their leaves, such as w. fimbriata, a species from western North America today.
ONOCLEOID fern
A permineralized fern with onocleoid anatomy has been discovered in the middle
Eocene Clarno Nut Beds of central Oregon. This locality is well known for its
beautifully preserved fruits and seeds (Manchester, 1994). Rhizomes are preserved for
up to 7.2 cm in length and 1.5 - 2 cm in diameter and produce numerous stipes (Fig.
14). The stipes extend up to 1.9 cm in length from their attachment to the rhizome and
are around 0.3 cm across. Anatomical structure is similar to that of wessiea yakimaensis

Pigg & Rothwell, from Yakima Canyon and Makotopteris from the middle Eocene
Princeton chert of southern British Columbia (Stockey, et al. 1999; Pigg and Rothwell,
2001). In this pattern, paired hippocampiform frond traces are helically arranged and
are produced without leaf gaps (Fig. 13, 15). In contrast, adventitious root traces are
produced from the stipe bases, and leave behind a root gap. This pattern is exhibited by
onocleoid ferns and is common to a large number of higher filicalean genera (Stockey
et al., 1999; Pigg and Rothwell, 2001). As additional vegetative and hopefully fertile
remains become available for these ferns, their affinities will be more closely resolved.

DISCUSSION & CONCLUSIONS

Although such factors as angiosperm bias and fragmentary preservation have often
limited a detailed description of Tertiary filicalean ferns, the careful study of their
remains may help flesh out the record of their evolution and diversification into habitats
they occupy today. Whole plant reconstructions (e.g., Onoclea sensibilis, Rothwell and
Stockey, 1991; woodwardia virginica, Pigg and Rothwell, 2001) have previously
demonstrated that essentially modern filicalean fern species were established in present
day habitats and persist in similar sites today. The examples provided in this study are
mostly fragmentary in nature but still possess critical features that can be used for
identification and provide additional new data to the record. 

The Osmundaceae have the most extensive fossil record of the filicalean ferns,
extending back to the Permian based on characteristic vegetative anatomy of rhizomes
and leaf bases (Serbet and Rothwell 1999; Collinson, 2001). Of the three genera in the
family, Osmunda is the best represented and most diverse. The genus is traditionally
divided into three subgenera, Osmunda, Osmundastrum and Plenasium. Molecular
studies generally support this subgeneric classification, however the genus Osmunda

appears to be paraphyletic to Todea and Leptopteris (Yatabe et al., 1999). The subgenus
Osmunda is well represented in Cretaceous and Tertiary localities by both anatomically
preserved rhizomes and compressed foliage. Permineralized stems include O. pluma

(North Dakota, Paleocene), O. oregonensis (Oregon, Eocene), O. iliaensis Romania
(Miocene-Pliocene), and O. nathorstii (Spitzbergen, Eocene; Miller, 1967, 1982). Most
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recently, O. shimokawaensis, a fern very similar to O. wehrii has been described from
the Miocene of Japan (Matsumoto & Nishida, 2003). Foliage of subgenus Osmunda is
known from several localities in the Late Cretaceous and Tertiary (Miller 1967;
Collinson, 2001).

The discovery of pinnules of Osmunda wehrii supports Miller’s earlier (1982)
placement of the species into subgenus Osmunda and the fossil material is similar to O.

regalis and O. japonica (Hewitson, 1962). The Osmunda subgenus is well established
by the Miocene, so its presence at Yakima Canyon is no surprise. Evolution and
paleoecology of the Osmundaceae are, however, interesting in light of the recent
resurgence of interest in the relationship of angiosperms to the Tertiary radiation of the
higher filicalean ferns (Lovis, 1977; Rothwell, 1987; Schneider, et al. 2004). Unlike the
higher filicalean ferns, the Osmundaceae has been around since the Permian, and thus
predate angiosperm influences by over 140 million years. Osmundaceous ferns are
often associated in the fossil record in conifer-dominant environments. Osmunda

regalis often occurs as the dominant fern in Taxodium swamps of southeastern North
America today, as did O. wehrii in the middle Miocene Yakima Canyon flora of
Washington state. Presumably, osmundaceous ferns evolved in relation not to
angiosperms, but to conifers.

In contrast, the first evidence of woodwardia is in the Late Cretaceous (Collinson,
2001). This genus was an important component of the circumboreal flora of the
Northern Hemisphere Paleocene (Kva¹ek, 1994; Collinson, 2001). Although the fossil
record of woodwardia is in need of revision, it is now evident that the occurrence of
several clades sensu Cranfill and Kato (2001) among woodwardioid ferns can be
recognized in the Tertiary. The basalmost clade, represented by w. aerolata

(=Lorinseria aerolata sensu Cranfill and Kato, 2001) appears in the Late Cretaceous
and Paleocene. The next clade is represented by w. virginica (=Anchistea virginica

sensu Cranfill and Kato, 2001) and related taxa. It is interesting to note that although
this clade is estimated to be ancient, it does not appear in the fossil record until the
Miocene. The Miocene, however, is the heyday for the w. virginica clade with not only
permineralized w. virginica remains in Washington at Yakima Canyon (Pigg and
Rothwell, 2001), but the very similar w. deflexipinna at contemporaneous localities in
the Succor Creek flora of Oregon (Smith, 1938; Graham,1965). Asian Miocene
occurrences of the woodwardia virginica clade are also known, as are those of central
and western Europe (some fossils of w. munsteriana, w. maxonii; Hurnick, 1976; Pigg
and Rothwell, 2001). Of the other, apparently more derived clades that may also have
a fossil record, the Vasa Park site may document an early occurrence for one of the more
highly reticulate-veined forms such as W. fimbriata, a species native to western North
America today.

Lastly, three onocleoid ferns with characteristic stipe and root trace anatomy are
now known: the Princeton chert Makotopteris and the Clarno Nut Beds fern, both from
the middle Eocene, and wessiea from the middle Miocene. These ferns cannot be placed
into modern genera. Makotopteris cannot be named to a genus because although fertile
remains are known, some critical taxonomic characters could not be gleaned from the
fossil and comparative anatomical information of remains known in the fossil is not
available for all pertinent living relatives. wessiea and the Clarno fern are presently
known only from their rhizome and stipe anatomy. Nevertheless they demonstrate that
middle Miocene and Eocene floras, respectively, hosted a variety of highly derived
filicalean ferns.
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