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FOSSIL CATHAYA (PINACEAE) POLLEN FROM THE CANADIAN HIGH ARCTIC

Yu-Sheng Liu and James F. Basinger'

Department of Geological Sciences, University of Saskatchewan, Saskatoon, Saskatchewan S7N 5E2, Canada

Palynological studies of the Eocene Buchanan Lake Formation, Axel Heiberg Island, Canadian High Arctic,
have yielded pollen grains closely comparable to those of extant Cathaya Chun et Kuang, a paleoendemic
conifer of southwestern China. These palynomorphs are assigned to Cathaya gaussenii Sivak, which is here
interpreted as the only species to which known fossil pollen of this genus can be assigned. Unless scanning
electron microscopy is used, generic affinity cannot be determined with certainty. On the basis of light mi-
croscopy alone, Cathaya-like pollen fossils may be grouped into one form-taxon, Pityosporites microalatus
(Potonié) Thomson et Pflug. The Eocene record from Canada provides convincing evidence for the occurrence
of Cathaya in North America and is consistent with interpretations for warm climatic conditions in the
Canadian Arctic in the Middle to Late Eocene. An appraisal of the available literature on fossil Cathaya and
Cathaya-like pollen of Cretaceous to Recent age has been undertaken. The pre-Cretaceous record is difficult
to evaluate. The genus Cathaya was apparently restricted to North America and East Asia during the Cretaceous
but had dispersed to Europe, possibly via a North Atlantic land bridge, by the Early Tertiary. In the Neogene,
Cathaya became widespread in North America, East Asia, and Europe. Late Tertiary climatic deterioration
and Quaternary glaciation appears to have been responsible for extirpation of Cathaya from North America
first (latest record Late Miocene), and then from Europe (Pleistocene). Therefore, the endemic distribution of

extant Cathaya in China represents a remnant of a formerly widespread Asiatic population.
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Introduction

Cathaya argyrophylla Chun et Kuang (the “giant panda” of
the plant kingdom) was formally described in 1958 by Chun
and Kuang (1958; Ying et al. 1993). It is one of two monotypic
genera of Pinaceae found in China and has been categorized
as a paleoendemic, with a fossil history dating at least to the
Cretaceous (Ferguson et al. 1997; Liu et al. 1997). It has com-
monly been held that Cathaya has been restricted to Eurasia
(Florin 1963; Wang 1989; Farjon 1990; Ying et al. 1993),
although many records of fossil pollen from North America
have been proposed to be of Cathaya affinity (Sivak 1976;
Thiele-Pfeiffer 1980; Mohr 1984; Liu et al. 1997). Misiden-
tification of bisaccate grains as Cathaya and the classification
of Cathaya-like grains under form-generic names that are of
little botanical significance have been the sources of much of
the difficulty in determination of past distribution. When we
review the record of Cathaya-like pollen, we find a confusing
nomenclatural history, with most palynomorphs misidentified
as Abietineaepollenites, Pinus Haploxylon-type, and Pityos-
porites, even Podocarpus and Podocarpidites (see also Sivak
1976; Liu et al. 1997).

Megafossils of Cathaya, including leaves and ovulate cones,
are known only from the Oligocene to Pliocene of Eurasia,
primarily central and southern Europe, and are absent from
China (Liu et al. 1996). The leaves and cones of Cathaya are
distinctive and relatively easy to identify (Pant and Basu 1977;
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Hu and Wang 1984; Mai 19944, 1999; Walther 1999). To
date, no megafossils of Cathaya have been reported from
North America, and none have been found at the Axel Heiberg
Island site, although megafossils of Cathaya are rare world-
wide. Fortunately, pollen of extant Cathaya is distinctive, and
identification can be confirmed by means of scanning electron
microscopy (SEM) (Liu et al. 1997). It is on this basis that we
can document the occurrence of Cathaya on Axel Heiberg
Island. Although Caratini et al. (1972) assigned fossil pollen
to the genus Cathaya, Sivak (1976) was the first to observe
both Recent and fossil pollen of Cathaya using SEM and to
provide clear documentation of diagnostic features of exine
morphology that are essential for identification. Because Si-
vak’s (1976) work has not been fully accepted (e.g., Wilkinson
and Boulter 1980; Mohr 1984; Ashraf and Mosbrugger 1996),
it will be necessary here to reexamine published data and newly
found fossils.

The knowledge of fossil spores and pollen grains has been
greatly enhanced by adoption of transmission electron mi-
croscopy (TEM) and SEM, contributing to reevaluation of the
relevance of exospore-exine stratification and fine sculpture of
the sporomorphs to interpretation of biological affinity, phy-
logeny, and phytogeography (Kedves 1982; Zetter and Hesse
1996; Ferguson et al. 1998; Kovar-Eder et al. 1998; Van der
Burgh and Zetter 1998). In this article, we first summarize
characteristics of Recent Cathaya pollen and tabulate data
from other extant coniferous genera with bisaccate pollen. On
the basis of numerous well-preserved (three-dimensional) pol-
len from the Eocene Buchanan Lake Formation, Axel Heiberg
Island, Canadian Arctic Archipelago, we confirm a record of
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Cathaya fossil pollen in North America, analyze ecological and
floristical significance, and, finally, outline the paleogeographic
history of the genus.

Material and Methods

Fossil pollen grains were extracted from the Buchanan Lake
Formation, Eureka Sound Group, on Axel Heiberg Island, Ca-
nadian Arctic Archipelago (fig. 1) (Basinger 1991; Ricketts
1991; Mclver and Basinger 1999). Cathaya pollen grains are
common in fine-grained silts and shales, labeled as US 188
(University of Saskatchewan paleobotanical locality number)
(79°57'N, 89°08'W) and abundant in leaf mats (US 220)
(79°55'N, 88°58'W), in the lower part of the upper coal mem-
ber of the Buchanan Lake Formation. This informal member
has been interpreted as Middle to Late Eocene by Ricketts and
Mclntyre (1986), Basinger (1991), Mclntyre (1991), Ricketts
(1991, 1994), and Eberle and Storer (1999).

Pollen of the Cathaya type is common to abundant in prep-
arations. From hundreds of grains observed and measured un-
der light microscopy (LM), more than 20 were mounted for
SEM, and of these, 10 have been illustrated.

Sediments were treated as follows: 10% HCI; rinse; full-
strength (47%) HF in a hot water bath for 2 h; decant and
discard clear liquid; 32% HCI in hot water bath for 0.5 h to
remove residual HF; rinse; heavy liquid (ZnCl,) separation;
oxidize with a 1 : 1 solution of acetic anhydride and saturated
KCIO,; to which has been added a few drops of HCI, within
a hot water bath for 3—5 min; rinse; acetolyze with 1: 9 so-
lution of H,SO, and acetic anhydride; rinse; allow to dry and
then mix with glycerine. Fossil pollen grains were then pre-
pared following the technique of Zetter (1989). Single pollen
grains were selected and mounted for LM and/or SEM using
a needle with a human hair mounted on the tip (see Zetter
1989; Liu et al. 1997). Grains were viewed under bright-field
illumination, as this is the most commonly used in routine
palynological analysis, and useful morphological features are
visible without enhancement by phase or differential interfer-
ence contrast illumination. Features of exine considered di-
agnostic for the genus are visible only under SEM.
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Fig. 1

Samples for SEM were coated with gold by an Edwards
Sputter Coater S150B for 5 min and examined on a JEOL
JSM-840A scanning electron microscope at 20 kV. Best images
are acquired by minimizing working distance, in the case of
this microscope, to 8 mm. Specimens are deposited in the pa-
leobotanical collection of the Department of Geological Sci-
ences, University of Saskatchewan.

Description of pollen morphology (fig. 2) follows terminol-
ogy proposed by Punt et al. (1994), and measurement of pollen
follows Erdtman (1965).

Recognition of Recent and Fossil Cathaya Pollen

The pollen morphology of extant Cathaya was first de-
scribed under LM by Erdtman (1963, pl. 6, figs. 1-7). Al-
though Erdtman’s photographs are clear and illustrate both
polar and equatorial views, it seems that this early work had
little application, probably due to the fact that Erdtman’s LM
illustrations failed to display sufficient details by which Ca-
thaya pollen grains may be distinguished from many other
bisaccate coniferous pollen grains, such as Picea, Pinus Hap-
loxylon-type, and even Podocarpus (see Boulter and Chaloner
1970).

Caratini et al. (1972) were the first to assign fossil pollen
to the genus Cathaya. Subsequently, Sivak (1976) described
both Recent and fossil Cathaya pollen in great detail under
both LM and SEM. Liu et al. (1997) described Cathaya zhe-
jiangensis Liu, Zetter et Ferguson, from a Miocene palynoflora
from east China, providing a brief summary of features that
may be used to distinguish among pollen grains of fossil or
living Cathaya and those of other coniferous taxa. On the basis
of a comprehensive review of relevant published literature, a
detailed comparison of extant genera bearing bisaccate conif-
erous pollen is developed here in table 1. It is then possible to
apply these data to the recognition of fossil remains of
Cathaya.

Under LM, one of the best diagnostic features for Recent
and fossil Cathaya pollen grains is the connection between the
saccus and the corpus. In polar view, the sacci are seen to
originate at the margin of the corpus, regardless of the relative

Maps showing location of Axel Heiberg Island (left) and fossil localities (right, squares) (modified after Basinger 1991)
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Fig. 2 Schematic figure showing key morphological features of bi-
saccate pollen in equatorial view.

size of the sacci (Liu et al. 1997). Pollen grains of Podocarpus,
in particular, may appear to share this feature with Cathaya,
so that fossil bisaccate grains of this type, and with relatively
large sacci and small corpus, have commonly been mistakenly
attributed to the genus Podocarpus, causing considerable con-
fusion in the fossil literature (e.g., see Zheng 1987). Podocar-
pus pollen possess characteristically rugulate and/or psilate ex-
ine, by which they can be readily separated from Cathaya.
Nevertheless, some species of Podocarpus share some other
features with Cathaya (Pocknall 1981; Liu et al. 1997); for
example, the cappa of the living Podocarpus acutifolius Kirk
from New Zealand has spinules, although its exine is coarsely
rugulate (Pocknall 1981).

The most definitive features for identification of living and
fossil Cathaya pollen are seen only under SEM. Cathaya pollen
grains have irregularly spaced spinules and perforations on the
surface of both corpus and saccus, except for the leptoma area
on the distal surface of the grain (Liu et al. 1997).

Although grains superficially resembling Cathaya have been
reported from pre-Cretaceous rocks (e.g., Pocock 1962, pp.
62, 63, pl. 9, figs. 142-144, 146, pl. 10, figs. 157, 158; Rouse
1959, p. 316, pl. 1, figs. 13-16), they are too poorly preserved
to allow biological assignment. Thus, the record of Cathaya
is at this time restricted to the Cretaceous and Cenozoic.

History of Nomenclature of Fossil Pollen of Cathaya

The nomenclature of fossil Cathaya and Cathaya-like pollen
has an extremely complex history. There are only a few cases
in which the generic name Cathaya has been applied to fossil
grains (Caratini et al. 1972; Sivak 1976; Klaus 1984; Nagy
1985; Liu et al. 1997; Meller et al. 1999), although some of
these assignments appear to be inappropriate (e.g., Nagy 1985,
p. 134, pl. 65, figs. 4, 5). In most cases, fossil grains resembling

Cathaya have been assigned to form taxa reserved for paly-
nomorphs. The earliest description of Cathaya-like pollen was
that of Potonié (1931), who described Piceae-pollenites (sic)
microalatus Potonié from the Miocene of Germany. (Potonié
also described Piceae-pollenites [sic] alatus Potoni€ at the same
time, but we do not consider this taxon Cathaya-like; see be-
low.) The species displays clear resemblance to Cathaya, but
it must be recalled that living Cathaya was not discovered until
1958, so therefore was unknown to Potonié. Three years later,
he renamed it Pollenites microalatus (Potonié) Potonié (1934),
and later transferred it yet again, to the invalidly published
form genus Abietineae-pollenites (Potonié 1951). Delcourt and
Sprumont (1955) attempted to validate this generic name by
formally transferring Piceapollenites microalatus Potonié to
Abietineaepollenites microalatus (Potonié) ex Delcourt et Spru-
mont, but curiously did not cite or discuss earlier recombi-
nations of Thomson and Pflug (1953), who had transferred
Potonié’s species, P. microalatus (Potonié) Potonié (1934), to
the form genus Pityosporites Seward (1914). The recombi-
nation Pityosporites microalatus (Potonié) Thomson et Pflug
clearly has priority. (Potonié [1951] refers to two subspecies
or forms of this species, minor and major, which have also
been recognized by Thomson and Pflug. Curiously, Potonié
thought of the former as smaller, the latter as larger grains,
while Thomson and Pflug described form minor as larger than
form major.) Unfortunately, both recombinations have been
adopted and used by different researchers for fossil grains of
the Cathaya type, although fewer have used the superfluous
combination of Delcourt and Sprumont (19535). It should be
noted that we reject the additional materials that Delcourt and
Sprumont (1955) attributed to this taxon, as it is not clear
that their figured specimens are consistent with the concept
for the species. Interestingly, Potonié (1975) himself did ac-
knowledge the work of Caratini et al. (1972) in which Cathaya
fossil pollen was first reported, but he was not inclined to revise
his own work.

When Sivak (1976) applied the SEM to description of Ca-
thaya fossil pollen from the Oligocene-Miocene of France, he
noted the resemblance of both Pityosporites microalatus (Po-
tonié) Thomson et Pflug and Pityosporites alatus (Potonié)
Thomson et Pflug to Cathaya and suggested that dispersed
pollen assigned to these species represent Cathaya as well.
While we agree that P. microalatus is Cathaya-like, and we
recognize this taxon as having nomenclatural priority for pol-
len of this type, we do not consider Potonié’s (1931) illustrated
material of P. alatus as either resembling or representing the
genus Cathaya (see app. A). Unfortunately, it would appear
that, in original descriptions of these two species and in sub-
sequent interpretations (e.g., Krutzsch 1971; Thiele-Pfeiffer
1980), the major (only?) difference between the species con-
cepts of P. microalatus and P. alatus is size, with the former
being smaller than the latter. Nevertheless, it is clear that P.
alatus must be rejected from the list of possible synonyms of
Cathaya-like dispersed pollen grains.

In addition to the above binomials, the name “Pinus Hap-
loxylon-type” has long been used for Cathaya-like fossil pollen
(e.g., Doktorowicz-Hrebnicka 1960; Oszast 1960; Lona and
Ricciardi 1961; Gray 1964; Hopkins 1969; Boulter and Craig
1979; Nghia 1974; Herter 1985). Rudolph (1935, pp.
254-253) first applied this name to Cathaya-like grains while



Table 1

Comparison of Bisaccate Coniferous Pollen Morphology from Extant Conifers

(43

thick, sexine thicker than nex-
ine; proximal exine of even
thickness

Corpus elliptical in polar view;
marginal crest absent; exine
thick, sexine thicker than nex-
ine; proximal exine tapering
toward sacci

Corpus elliptical to circular in po-
lar view; marginal crest absent;

exine thick, sexine much thicker
than nexine; proximal exine ta-

pering toward sacci

separated with broad leptoma;
saccus-cappa junction smooth,
without sharp angular disconti-
nuity; lumina of reticulum ir-
regularly polygonal; muri
undulate

Much smaller than corpus,

widely separated with broad
leptoma; sharp angular discon-
tinuity at saccus-cappa junc-
tion; lumina irregularly
polygonal

Small to similar in proportion to

corpus; saccus-cappa junction
smooth, without sharp angular
discontinuity; lumina irregu-
larly polygonal

Sexine finely

Pinus

Sexine finely granu- Verrucate

lar, delicate

granular late or

microverru-

cate

Psilate, granu-

LM SEM
Corpus Saccus Corpus Leptoma References
Corpus elliptical in polar view; Size and shape variable, typically Cappa sexine usu-  Smooth Wodehouse 1935; Ueno 1958;
marginal crest absent; exine small in relation to corpus; ally coarse; trira- McAndrews et al.
thick, sexine thicker than nex- sharp angular discontinuity at diate mark visi- 1973; Bagnell 1975; Weir
ine; proximal exine tapering saccus-cappa junction; ble on the and Thurston 1975;
toward sacci lumina smaller than of proximal surface Moore et al. 1991;
Pinus in the American Wang et al. 1995
species only; not
seen in other spe-
cies
Corpus rhomboidal in polar view; Size and shape highly variable; Sexine spinulose Verrucate Sivak 1976; Klaus 1977,
marginal crest absent; exine saccus-cappa junction smooth, and perforate 1987; Xi and Wang 1989;
thick, sexine thicker than nex- without sharp angular disconti- Ying et al. 1993; Wang et
ine; proximal exine of even nuity; muri of reticulum al. 1995; Liu et al. 1997
thickness rather coarse, usually
unconnected; sacci
infratectate, unlike all other
Pinaceae
Corpus elliptical in polar view; Size and shape variable, typically ~Sexine rugulate, Finely Wodehouse 1935; Erdtman
marginal crest absent; exine smaller than corpus; widely coarser than in rugulate 1943; Klaus 1978; Moore et

al. 1991; Wang et al. 1995

Erdtman 1943; Ueno 1958;
Wang et al. 1995

Erdtman 1943; Ueno 1958;
McAndrews et al. 1973;
Bagnell 1975; Weir and
Thurston 1975; Birks 1978;
Moore et al. 1991; Wang et
al. 1995
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Table 1

(Continued)
LM SEM
Genus Breadth (um) Corpus Saccus Corpus Leptoma References
Pinus,
Diploxylon
EYPE vevenenanns 40-120 Corpus elliptical to circular in po- Saccus size and shape variable, Sexine granulate Psilate or finely Erdtman 1943, 1965; Ueno 1958;

lar view; marginal crest present,
may be well developed; exine
thin, sexine same thickness as
nexine; proximal exine of even

thickness
Pinus,
Haploxylon
EYPE veeerenenns 40-12 Corpus elliptical to circular in po-
lar view; marginal crest absent;
exine thin, sexine same thick-
ness as nexine; proximal exine
of even thickness
Podocarpus ...... 35-90 Corpus rhomboidal, elliptical, or
spheroidal; marginal crest pre-
sent or absent; exine thin; proxi-
mal sexine of even thickness
Pseudolarix ...... 60-85 Corpus elliptical in polar view;

marginal crest absent;

exine thin, sexine thicker than
nexine; proximal exine of
even thickness

more or less contracted at
base, appearing inflated; con-
nection with cappa smooth,
without obvious angles; lu-
mina irregularly polygonal

verrucate

Saccus size and shape variable; Sexine granulate Coarsely
semicircular, broadly at- verrucate
tached to the corpus; con-
nection with cappa smooth,
without obvious angles; lu-
mina irregularly polygonal

Saccus typically large, may be  Sexine finely to  Rugulate
larger than corpus; connec- coarsely
tion with cappa smooth, rugulate
without obvious angles; lu-
mina irregularly polygonal;
muri of reticulum rough,
connected or unconnected
Saccus small, the two sacci
joining the corpus with a and
wide angle; sharp angular perforate
discontinuity at saccus-cappa
junction; lumina irregularly
polygonal; muri of reticulum
thin, commonly connected

Hansen and Cushing

1973; McAndrews et al. 1973;
Bagnell 1975; Weir and Thurs-
ton 1975; Sivak and Raz 1976;
Klaus 1977, 1978; Moore et al.
1991; Wang et al. 1995

Erdtman 1943, 1965; Ueno 1958;
Hansen and Cushing 1973;
McAndrews et al. 1973; Bagnell
1975; Weir and Thurston 1975;
Sivak and Raz 1976; Klaus
1977, 1978; Moore et al. 1991;
Wang et al. 1995

Pocknall 1981

Sexine rugulate  Finely granular Erdtman 1943; Van Campo 1950;

Ueno 1958; Ying et al. 1993;
Wang et al. 1995
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studying Neogene palynofloras from northern Bohemia, Czech
Republic. Rudolph’s (1935, p. 254, pl. 4, figs. 1-5) material
has been interpreted as Cathaya by R. Zetter (personal com-
munication, 1999). Earlier, Zagwijn (1960) had doubted that
pollen being assigned to Pinus Haploxylon-type actually be-
longed to the genus Pinus, recognizing that morphology of
these grains had no known counterpart among then known
extant species of Pinus. He further pointed out that the name
Pinus Haploxylon-type, originally thought to represent all Pi-
nus subgenus Haploxylon, is therefore misleading (Zagwijn
1960, p. 64). Unfortunately, Zagwijn continued to use the
name of Pinus Haploxylon-type, although he did so in the
strict sense, as suggested by Doktorowicz-Hrebnicka (1957).

Cathaya-like grains have also been assigned to a diversity
of other genera, such as Alisporites (Felix and Burbridge 1973;
Brideaux and McIntyre 1975), Pinus (Macko 1957; Khlonova
1961; Stanley 1965), Podocarpus (Macko 1957; Zaklinskaya
1957; Piel 1971), Podocarpidites (Zheng 1987), and Puncta-
bivesiculites (Pierce 1961). Details are provided in appendix
B.

Systematics

As discussed above, only SEM observation can confirm the
assignment of fossil bisaccate pollen grains to the genus Ca-
thaya. Cathaya gaussenii Sivak, coined by Sivak (1976) on the
basis of SEM observation, is applied to our Canadian fossil
pollen. Sivak (1976) established 12 separate species of Cathaya
to accommodate fossil pollen that he recovered from a single
Oligo-Miocene boundary deposit in southwestern France. We
consider 11 to be synonymous (rejecting Cathaya zagwijnii
Sivak on the basis of figured materials). We have selected C.
gaussenii to represent this species because, among all of Sivak’s
species, this morphotype is the most abundant and most typical
of the taxon. The form taxon Pityosporites microalatus is used
for fossil pollen that lack confirmation of affinity by SEM but
under LM bear sufficiently close resemblance to Recent Ca-
thaya that affinity is highly probable (see app. B).

Order— Coniferales Jussieu, 1789
Family—Pinaceae Lindley, 1836
Genus—Cathaya Chun et Kuang, 1958
Species—Cathaya gaussenii Sivak (Figs. 3a—4l)

Synonymy. The following specimens have been illustrated
by SEM and can be confirmed from the published literature:

1976. Cathaya erdtmanii Sivak, p. 264, pls. 5, 6.

1976. Cathaya vancampoae Sivak, pp. 264, 266, pls. 7, 8.
1976. Cathaya gaussenii Sivak, pp. 266, 268, pls. 9, 10.
1976. Cathaya krutzschii Sivak, pp. 268, 270, pl. 11.
1976. Cathaya wilsonii Sivak, pp. 270, 272, pl. 121.

1976. Cathaya potoniei Sivak, pp. 272, 274, pl. 13.

1976. Cathaya scheuringii Sivak, pp. 274, 276, pls. 14, 15.
1976. Cathaya uenoi Sivak, p. 276, pl. 16.

1976. Cathaya millayi Sivak, p. 278, pls. 17,18.

1976. Cathaya ponsii Sivak, pp. 280, 282, pls. 20, 21.
1976. Cathaya tingii Sivak, pp. 282, 284, pl. 22.

1984. Pityosporites microalatus (Potonié) Thomson et Pflug,

Mohr, p. 55, pl. 6, figs. 1.1, 1.2.

1984. Pityosporites alatus (Potonié) Thomson et Pflug, Mohr,
pp- 55, 56, pl. 6, figs. 2.1-2.3.

1996. Pityosporites microalatus (Potonié) Thomson et Pflug,
Ashraf and Mosbrugger, pp. 6, 7, pl. 2, figs. 5, 6.

1997. Cathaya zhejiangensis Liu, Zetter et Ferguson, pp. 229,
230, pl. 1, figs. 1-6.

1999. Cathaya sp., Meller et al., p. 29, pl. 4, figs. 4-6.

Emended diagnosis.  Pollen bisaccate, heteropolar; outline
ovate or subcircular in polar view. Corpus outline circular to
rhomboidal in polar view, with sacci generally originating at
the margin of the corpus. Sacci variable in shape, from hem-
ispherical to inflated; lumina formed by infractectal muri of
the sacci small and regularly arranged. Exine of corpus of even
thickness in lateral view, without marginal crest. Under SEM,
irregularly arranged spinules and perforations observed on the
surface of both corpus and sacci, with elements less dense on
sacci. Leptoma verrucate.

Description.  Pollen grains are highly variable in size, with
the corpus 30-55 pm in depth, 35-50 um in breadth, and
30-35 um in height, while sacci are 35-55 pm in breadth and
20-25 um in height (see fig. 2). In polar view the corpus is
distinctly rhomboidal (figs. 3g, 4a). There seems to be no pre-
ponderance of hemispherical, as opposed to more inflated,
sacci (fig. 3b, 3d, 3g, 3j; fig. 4a, 4c, 4e, 4g, 4i). The lumina
of sacci are fine and regularly spaced (fig. 3a; fig. 44, 4b). The
surface of the leptoma is seen as verrucate, even under LM
(fig. 3a, 3¢, 3f). Exine of the corpus is ca. 1-1.5 pum thick;
there is no thickening seen adjacent to the saccus attachment,
and therefore there is no marginal crest (fig. 3g, 3j; fig. 4e,
4g). Randomly arranged spinules and perforations are ob-
served under SEM to cover the entire surface (fig. 3e, 3i, 3k,
3l; fig. 4d, 4f, 4h, 4j, 41), with the exception of the leptoma.
The density of spinules and perforations is greatest on the
cappa (fig. 31, 31; fig. 4f, 4b), while ornament is less dense on
the surface of the sacci (fig. 3e, 3h, 3k; fig. 4d, 4j, 41).

Discussion.  The fossil pollen of Cathaya from Axel Hei-
berg Island resemble very closely those of the living C. argy-
rophylla in size and morphology. In fact, there are essentially
no differences between the living and fossil pollen of Cathaya.
Furthermore, pollen of this type, as noted above and in table
1, can be distinguished from all other bisaccate grains.

Cathaya zhejiangensis, a species based on fossil pollen from
the Miocene of east China, was similarly reported by Liu et
al. (1997, p. 230) to be indistinguishable from living Cathaya,
although they stated that the latter “are usually smaller than
the fossils.” Nevertheless, pollen grains of living Cathaya have
a wide range of size variation (see also Ying et al. 1993), and
we do not consider size to be a useful character for recognizing
the grains of the genus. Furthermore, saccus size and, therefore,
overall dimensions, may be strongly biased by environmental
conditions as well as experimental procedures (Wodehouse
1933; Runions et al. 1999).

Sivak (1976) reported 12 species of fossil Cathaya pollen
from the same locality in southwestern France, although it is
unlikely that so many “species” would coexist in the same
region (Liu et al. 1997). On the basis of consideration of the
variation of grain size and morphology in living Cathaya, as
reported by Ying et al. (1993), and the recognition of diag-



Fig. 3 Cathaya gaussenii Sivak from Axel Heiberg Island. a—c, Single pollen grain under light microscopy (LM, bright-field) and scanning
electron microscopy (SEM); US188-41cath1. a, LM; note connection between sacci and corpus (bar = 10 um). b, SEM; distal view (bar = 10
um). ¢, SEM; close-up of leptoma, showing verrucate sculpture (bar = 1 um). d-f, Single pollen grain under SEM; US188-23cath2. d, Distal
view (bar = 10 um). e, Close-up of saccus. Note occurrence of irregularly arranged perforations (arrows) and spinules (bar = 1 um). f, Close-
up of leptoma, showing verrucate sculpture (bar = 1 um). g—i, Single pollen grain under SEM; US188-20cath2. g, Proximal view. Note rhomboidal
shape of corpus (bar = 10 um). b, Close-up of saccus, showing sparse spinules (bar = 1 um). 7, Close-up of corpus. Note shrinkage and wrinkling
of exine (bar = 1 um). j-I, Single pollen grain under SEM; US188-40cath1. j, Proximal view (bar = 10 um). k, Close-up of saccus, showing
fine spinules (bar = 1 um). /, Close-up of corpus, showing perforations (arrows) and densely arranged spinules. Note that spinules of both saccus
and corpus are similar, although they differ in density (bar = 1 um).



Fig. 4 Cathaya gaussenii Sivak from Axel Heiberg Island. g, Pollen under LM; US188-slidel (bar = 10 pm). b, LM; note connection between
saccus and corpus; US188-slide2 (bar = 10 um). ¢, d, Single pollen grain under SEM; US188-40cath2. ¢, Distal view (bar = 10 um). d, Close-
up of saccus, showing sparse occurrence of perforations (arrows) and spinules (bar = 1 um). ¢, f, Single pollen grain under SEM; US188-33cath1.
e, Proximal-lateral view, showing absence of marginal crest (bar = 10 um). f, Close-up of junction between corpus and saccus. Note shrinkage
and wrinkling of exine and absence of marginal crest bar = 1 um). g, b, Single pollen grain under SEM; US188-23cath3. g, Distal view, showing
broken saccus and folded corpus (lower right) (bar = 10 um). b, Close-up of saccus, showing the smooth surface of muri (bar = 1 um). i, j,
Single pollen grain under SEM; US188-23cath1. i, Distal-lateral view. Note the relatively large sacci of this grain (bar = 10um). j, Close-up of
saccus, showing sparse perforations and spinules (bar = 1 um). k, I, Single saccus under SEM; US188-20cath1. k, Distal view of saccus
(bar = 10 pm). I, Close-up of saccus, showing irregularly arranged perforations and spinules (bar = 1 pm).
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nostic exine ornamentation, we consider as synonymous all of
Sivak’s species save one, C. zagwijnii. Exine ornamentation of
C. zagwinjii appears granular (Sivak 1976, p. 278, pl. 19),
excluding it from Cathaya (see app. A).

Cathaya antiqua Klaus (1984) was first established on the
basis of pollen from the Miocene of Austria observed under
LM. This record was later confirmed under SEM by R. Zetter
(personal communication, 1999), who found no grounds for
distinguishing this material from other grains assigned to
Cathaya.

Some of the Axel Heiberg fossil pollen grains exhibit shrink-
age of the exine (figs. 37, 4f), which probably has been caused
by experimental treatment. Klaus (1978) has reported similar
phenomena while studying living alpine Pinus pollen grains.

Species— Pityosporites microalatus (Potonié)
Thomson et Pflug

Synonymy. The very numerous specimens referable to this
taxon have not been examined by us personally. On the basis
of extensive review of published figured materials, we have
created a list of potential synonyms (app. B):

1931. Piceae-pollenites microalatus Potonié, p. 5, fig. 34.

1953. Pityosporites microalatus (Potonié) Thomson et Pflug
f. major (Potonié) Thomson et Pflug, p. 67, pl. 5, fig.
53 (only).

1953. Pityosporites microalatus (Potonié) Thomson et Pflug
f. minor (Potonié) Thomson et Pflug, p. 68, pl. 3, figs.
51, 57 (only).

Description.  Pollen outline oval or circular in polar view,
ca. 60-80 um long. Bisaccate grains with sacci hemispherical
to inflated. Sacci attached at the margin of the corpus. Sacci
reticulate, with regularly developed muri.

Discussion.  As noted above, we retain the form-genus
name of Pityosporites for all Cathaya-like dispersed pollen
fossils for which no SEM data exist. We follow the recom-
mendation of Thiele-Pfeiffer (1980) in the use of the species
P. microalatus for these grains. Also, as noted above, Abieti-
neaepollenites microalatus, although commonly used, is an in-
appropriate combination because P. microalatus has priority.
We reject recognition of two forms, major and minor, by some
authors, and combine both into a single species concept.

The literature is replete with assignments of Cathaya-like
grains to a host of palynological taxa, but at the same time,
there is a diversity of forms (i.e. biological taxa) that share
these names. Therefore, it is necessary to consider each record
of these taxa individually, with critical evaluation. The lists
found in appendixes A (rejected records), B (potential syno-
nyms), and C are meant to guide future researchers as well as
to provide a basis for paleoecological and paleogeographic
interpretations.

Paleoecological and Floristical Significance

Living Cathaya argyrophylla is an evergreen conifer inhab-
iting ridges in mountainous regions of southwest China, where
the climate is warm and humid, with a mean annual temper-
ature of 8.1°-18.1°C and annual precipitation of 1456-1543
mm. Forests of this region are typically evergreen broad-leaved

or mixed evergreen and deciduous broad-leaved (Ying and Li
1981; Ying et al. 1983). Associated species include evergreen
Fagaceae (e.g., Castanopsis platycantha, Castanopsis carlesii,
Castanopsis eyrei, Castanopsis fabri, Quercus engleriana, Cy-
clobalanopsis glauca, Cyclobalanopsis oxyodon, and Litho-
carpus cleistocarpus), Theaceae (e.g., Schima argentea, Schima
superba), and many other deciduous or evergreen plants, in-
cluding Pinus kwangtungensis, Fokienia hodginsii, Clethra fa-
bri, Rhododendron bachii, Vaccinium fimbricalyx, Blastus
dunnianus, Carrierea calycina, Fagus engleriana, Sorbus spp.,
Prunus pilosiuscula, Liquidambar acalycina, and Pterostyrax
psilophyllus, etc. (Ying et al. 1983). On the basis of its modern
distribution, Cathaya is interpreted as an element of humid
moist subtropical climate (see Strahler and Strahler 1992). Lit-
tle information is available on environmental tolerance of Ca-
thaya because it is rarely cultivated.

The paleoenvironment of Axel Heiberg Island during the
Eocene has been reconstructed as consistent with that of the
region presently occupied by Cathaya (Basinger et al. 1994;
Mclver and Basinger 1999). Nevertheless, the Eocene polar
flora had a different forest aspect, as broad-leaved evergreen
trees were rare or absent, so that the associated taxa in the
fossil flora (see full list in Mclver and Basinger 1999) is rather
different from those of extant Cathaya communities. Basinger
et al. (1994) attribute this absence of broad-leaved evergreen
elements to enforced deciduousness as a result of polar winter
darkness. Evidence from European megafossils of Cathaya
supports the interpretation of Cathaya as a humid subtropical
to warm temperate element in the Tertiary (Mai and Walther
1988; Mai 1994a; Martinetto 1995; Meller et al. 1999).

The occurrence of Cathaya in the Buchanan Lake flora is
notable because this genus is not known from other Arcto-
Tertiary floras. Moreover, it adds a new taxon to the already
diverse Pinaceae in the flora; at least seven of the 10 genera
of extant Pinaceae make their appearance in this Eocene flora.

Paleogeographical History

That increasing numbers of plants with eastern Asiatic af-
finities are being recognized in Eocene polar Canadian floras
is of considerable paleogeographical significance (Lepage and
Basinger 1995; Mclver and Basinger 1999). This is evidence
that Recent restricted or endemic distributions of these genera
in eastern Asia represent remnants of once widespread taxa.
Ferguson et al. (1997) discussed some general patterns of ge-
ographical evolution of eastern Asiatic paleoendemics, many
of which apparently first originated in the Northern Hemi-
sphere in or before the Paleogene, dispersed to occupy an ex-
tensive region prior to the opening of the Atlantic, and then
became severely restricted as a consequence of mid- to late
Tertiary paleoclimatic deterioration. Quaternary glaciation has
caused retreat to what amount in many cases to refugia (Fer-
guson et al. 1997). The fossil record of Cathaya indicates such
a paleogeographical pattern (app. C).

The oldest record of Cathaya-like pollen that we recognize
is from the Aptian to Albian, Northwest Territories, Canada
(Brideaux and Mclntyre 1975), although we acknowledge the
difficulty in evaluating the pre-Cretaceous record. According
to the data we have assembled, the Cretaceous record of Ca-
thaya appears to indicate a mid- to high-latitude distribution
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in both North America (Pierce 1961; Tschudy 1970; Brideaux
and McIntyre 1975) and eastern Asia (Zaklinskaya 1957;
Khlonova 1961; Takahashi 1988). While flora exchange across
Beringia between western North America and eastern Asia
(Lepage and Basinger 1995) appears to have been uninhibited,
the influence of the intermittent inundation of interior North
America by epeiric seas is not clear (fig. 5). During the Cre-
taceous the Western Interior Seaway at times fully divided the
North American continent, extending from the Gulf of Mexico
to the Beaufort Sea in the Arctic (Hamilton 1983). Neverthe-
less, the Cretaceous record of Cathaya appears largely confined
to the Aquillapollenites floral province (Batten 1984). Disper-
sal southeastward into the Normapolles floral province (Batten
1984) may have been restricted.

There is no known Cretaceous fossil record of Cathaya in
Europe. The Atlantic Ocean did not begin to open until early
in the Late Cretaceous (Hamilton 1983), and land bridges
existed in the north between Europe and North America until
well into the Tertiary (Tiffney 1994; Lepage and Basinger
1995). Nevertheless, there must have been strong paleoenvi-
ronmental barriers to dispersal of many taxa into Europe. Le-
page and Basinger (1995) found a similar distribution pattern

Pacific

Ocean

SN

for Pseudolarix, another Chinese paleoendemic conifer. Meta-
sequoia is also well documented in North America and East
Asia in the Cretaceous, but apparently did not reach the Eu-
ropean continent (Mai 1994b).

Cathaya did reach Europe during the Paleogene (fig. 6),
probably from North America via either of two land bridges,
the DeGeer Route linking North America and Fennoscandia
or the Thulian Route via south Greenland to Europe (Mc-
Kenna 1972; Lepage and Basinger 1995). This may be sup-
ported by the occurrence of Cathaya-like pollen in the Nor-
wegian Sea (ODP Leg 104) at the Paleocene-Eocene boundary
(Boulter and Manum 1989) that are of similar size and mor-
phology to those from Axel Heiberg. The European fossil rec-
ord of Cathaya and Cathaya-like pollen is mostly from central
Europe (Knobloch et al. 1996), particularly Germany (Potonié
1934; Thiele-Pfeiffer 1988; Ashraf and Mosbrugger 1996;
Nickel 1996). Dispersal of Cathaya westward from Asia into
Europe would have been blocked by the Turgai Strait through-
out most of the early Tertiary (fig. 6), although free exchange
between Asian and North American floras existed via the Ber-
ingian Corridor (McKenna 1972; Lepage and Basinger 1991).
Cathaya apparently flourished in the North American Paleo-

Tethys Sea

America

Fig. 5 Generalized paleogeographic reconstruction of Northern Hemisphere, polar projection, during the Late Cretaceous (ca. 90 million yr
ago), showing occurrences of Cathaya-like pollen (solid squares). Star = North Pole. (Modified after Lepage and Basinger 1995.)
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Pacific

Ocean

Atlantic
Ocean

North America

Fig. 6 Generalized paleogeographic reconstruction of Northern Hemisphere, polar projection, during the Paleogene (ca. 45 million yr ago),
showing occurrences of Cathaya gaussenii pollen grains (solid circles), Cathaya-like pollen (solid squares ), and megafossils of Cathaya spp.
(triangle). Star = North Pole. (Modified after Lepage and Basinger 1995.)

gene, with records from western North America (Stanley 19635;
Hopkins 1969; Rouse et al. 1970; Piel 1971), the southeastern
United States (Tschudy and Van Loenen 1970; Frederiksen
1980), and the Canadian Arctic (this study). The Asiatic record
of Cathaya is principally from the midlatitudes (Zaklinskaya
1957; Sun et al. 1989) (fig. 6).

Throughout the Neogene, Cathaya remained widely distrib-
uted in Asia, Europe, and North America (fig. 7). As a con-
sequence of climatic cooling, it is likely that high-latitude land
bridges may have become unavailable to Cathaya, a thermo-
philous plant, so that European, eastern Asian, and North
American populations may have become isolated. Closure of
the Turgai Strait in the Oligocene may have permitted floral
exchange between Europe and Asia, although uplift of the
Tibetan Plateau and subsequent drying of central Asia may
have limited availability of this route. Cathaya apparently be-
came extinct in North America during the Late Miocene (e.g.,
Martin and Rouse 1966; White et al. 1994) and in Europe
during the Pleistocene (e.g., Lona and Ricciardi 1961). The
population in Asia also was increasingly constricted during the
Neogene, until during the Quaternary (e.g., Guan et al. 1989)

the genus was confined to mountainous regions of south-
western China, where it apparently escaped the most severe
environmental effects of the Pleistocene Ice Age (Hu 1980).

The present relictual distribution apparently represents a
remnant of the eastern Asian Tertiary population, as is also
the case for Glyptostrobus (Florin 1963), Metasequoia (Cha-
ney 1951), Pseudolarix (Lepage and Basinger 1995), and many
others. The fossil record of Cathaya supports the hypothesis
of Ying et al. (1993) that the origin of eastern Asian endemic
genera may be attributed to the absence of extensive glaciation
there during the Pleistocene, coupled with the great diversity
in topography, climate, and ecological conditions that char-
acterizes the region. These factors have combined to create an
opportunity for persistence of a large number of once pan-
boreal genera.
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(triangles). Quaternary Cathaya-like pollen (open squares) and extant Cathaya argyrophylla (R) are also plotted. Star = North Pole. (Modified
after Lepage and Basinger 1995.)
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Appendix A

Rejected Fossil Records of Cathaya-Like Pollen Grains

Piceae-pollenites alatus Potonié, p. 5, fig. 31 (Miocene,
Germany). Attachment of sacci to corpus not Cathaya-
like.

Pollenites microalatus (Potonié) Potonié: Potonié and
Venitz (1934), p. 19, pl. 2, figs. 23, 24 (Miocene,
Germany). Attachment of sacci to corpus not Cathaya-
like.

Pityosporites microalatus (Potonié¢) Thomson et Pflug
f. major (Potonié) Thomson et Pflug (in part), p. 67,
figs. 50 (Middle Eocene, Helmstedter Oberflozgruppe,
Germany), 52 (Eocene-Oligocene, Kassel, and Middle

1953.

Oligocene—earliest Miocene, Marxheim, Germany), 54,
58 (Middle Oligocene-earliest Miocene, Kassel,
Germany), 59 (Middle to Upper Pliocene, Braun-
kohlenlager v. Wallensen im Hils, Germany) only.
Attachment of sacci to corpus not Cathaya-like (figs.
50, 59) or no further comments to be made as only
lateral views of the pollen illustrated (figs. 52, 54, 58).
Pityosporites microalatus (Potonié¢) Thomson et Pflug
f. major (Potonié) Thomson et Pflug (in part), p. 68,
figs. 47, 48 (Danian[?]-Paleocene, Hannover, Ger-
many), 49 (Senonian, Gradens, Germany), 55 (Middle
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1955.

1958.

1962.

1968.

1968.

1969.

1931.
1934.

1935.

1951.

1953.

1953.

1954.

1957.

1957.

1957.

1957.

1957.

1959.

1959.

Eocene, Helmstedter Oberflozgruppe, Germany),
56 (Middle Oligocene—earliest Miocene, Ville-Schoole,
Germany) only. Attachment of sacci to corpus not
Cathaya-like (fig. 55) or poor preservation (figs. 47-49,
56).

Abietineaepollenites microalatus (Potonié) Delcourt et
Sprumont, pp. 51-53, pl. 4, figs. 7a, b (Early Creta-
ceous, Belgium). Neither figured specimen appears to
be consistent with the species concept.
Abietineaepollenites microalatus Potonié: Couper,
pp. 152-153, pl. 27, figs. 11-13 (Mesozoic, U.K.).
Although figure 12 is much like Cathaya, the saccus
lumina pattern is too coarse.

Abietineaepollenites microalatus Potonié: Groot and
Groot, p. 164, pl. 29, figs. 9, 10. (Paleocene, Maryland,
U.S.A.). Because only lateral views of the pollen are
preserved, it is not possible to make further comments.
Pityosporites microalatus (Potonié) Thomson et Pflug:
Elsik, p. 310, pl. 14, figs. 8-11 (Paleocene, Texas,
U.S.A.). The lumina pattern of the saccus suggests that
the fossils may not be related to Cathaya.
Pityosporites microalatus (Potonié¢) Thomson et Pflug
f. major Potonié: Nakoman (in part), p. 532, pl. 3, figs.
3, 5 only (Tertiary, Turkey). Insufficient detail available.
Abietineaepollenites microalatus microalatus Potonié:
Oltz, p. 133, pl. 40, fig. 72 (Cretaceous/Early Tertiary,
Montana, U.S.A.). The specimens have much finer
saccus lumina pattern than Cathaya.

1976.

1978.

1978.

1985.

1985.

1989.

1989.

1989.

Appendix B

Cathaya zagwijnii Sivak, pp. 278, 280, pl. 19
(Oligocene-Miocene boundary, southern France). Exine
sculpture is granular on corpus and saccus under SEM,
with no resemblance to Cathaya.

Abietineaepollenites cf. A. microalatus microalatus
Potonié: Wilson 1978, p. 120, pl. 5, fig. 3. (Cretaceous-
Paleocene boundary; Yukon and Northwest Territories,
Canada). Insufficient detail available.

Cathaya aff. argyrophylla, Zaklinskaya 1978, pl. 3, fig
3 (Plio-Pleistocene, Timor). Insufficient detail available.
Abietineaepollenites microalatus Potonié: Nagy, pp.
132-133, pl. 61. fig. 8; pl. 62, figs. 3, 4; pl. 62, figs. 5,
6 (Egerian-Pannonian, Hungary). Insufficient detail
discernible on published photos.

Cathaya pulaensis Nagy (in part), p. 134, pl. 65, figs.
4, 5 only (Upper Pannonian, Hungary). Attachment of
sacci to corpus not Cathaya-like.

Abietineaepollenites microalatus (Potonié) Thomson et
Pflug f. major Potonié: Guan et al., p. 51, pl. 14, figs.
8,9, 11, 12. Fossils lack features of Cathaya.
Abietineaepollenites microalatus (Potonié) Thomson et
Pflug f. minor Potonié, Guan et al., p. 51, pl. 14, figs.
1-7, 10, 15, 17. Fossils lack features of Cathaya.
Abietineaepollenites microalatus (Potonié) Thomson et
Pflug f. major Potonié: Sun et al. (in part), p. 45, pl. 8,
fig. 12; pl. 10, fig. 1. Attachment of sacci to corpus not
Cathaya-like.

Potential Synonyms of Pityosporites microalatus (Potonié) Thomson et Pflug

Piceae-pollenites microalatus Potonié, p. 5, fig. 34.
Pollenites microalatus (Potonié) Potonié, p. 49, pl. 2,
fig. 4.

Pinus Haploxylon-type Rudolph, pp. 253, 254, 325,
pl. 4, figs. 1-5, text-fig. 1c, d.

Abietineaepollenites microalatus f. minor Potonié, p.
145, pl. 20, fig. 21.

Pityosporites microalatus (Potonié¢) Thomson et Pflug
f. major (Potonié) Thomson et Pflug (in part), p. 67,
pl. 5, fig. 53 only.

Pityosporites microalatus (Potonié) Thomson et Pflug
f. minor (Potonié) Thomson et Pflug (in part), p. 68,
pl. 5, figs. 51, 57 only.

Pinus sp.: Leschik, p. 248, pl. 1, figs. 11, 12.

Pinus Haploxylon-type Rudolph: Rouse, p. 358, pl. 1,
figs. 1, 2.

Pinus peuce Griseb.: Macko, pp. 26-27, pl. 18, figs.
1-20; pl. 19, figs. 1-12.

Podocarpus sellowiformis Zaklinskaya, p. 104, pl. 2,
figs. 1, 2.

Podocarpus andiniformis Zaklinskaya, p. 105, pl. 2,
figs. 3-7.

Pinus protocembra Zaklinskaya, p. 146, pl. 12, figs. 1,
2.

Pinus peuce Griseb.: Macko, pl. 8, figs. 1-6; pl. 32, figs.
1-4.

Podocarpus sp. 1-4: Macko, pl. 16, figs. 1-15.

1959.

1960.

1960.
1961.

1961.
1961.
1961.
1961.
1964.
1965.
1966.

1968.

1968.

1968.

1969.

Podocarpus standleyi Buch. et Gray: Macko, pl. 2, figs.
9-12; pl. 39, figs. 5, 6.

Pinus Haploxylon-type Rudolph: Doktorowicz-
Hrebnicka, pp. 199-200, 226, pls. 3-5, 18.

Pinus Haploxylon-type: Oszast, p. 15, pl. 5, figs. 3, 4.
Pinus haploxylon: Lona and Ricciardi, p. 95, pl. 1, fig.
2.

Pinus trivialis (Naumova) Bolchovitina: Khlonova, pp.
61, 62, pl. 10, figs. 59, 59a.

Pinus insignis (Naumova) Bolchovitina: Khlonova, p.
62, pl. 10, figs. 60, 60a.

Pinus subconcinna (Naumova) Bolchovitina: Khlo-
nova, pp. 62, 63, pl. 10, figs. 61, 61a.
Punctabivesiculites crassus Pierce, p. 37, pl. 2, fig. 47.
Pinus sp. Haploxylon-type: Gray, pl. 1, fig. 3.

Pinus semicircularis Stanley, pp. 277-278, pl. 39, figs.
8-10; pl. 40, figs. 1-7.

Pinus sp.: Martin and Rouse (in part), pp. 191-192,
fig. 45 only.

Pityosporites microalatus (Potonié¢) Thomson et Pflug
f. minor (Potonié) Thomson et Pflug: Nakoman (in
part), p. 532, pl. 3, figs. 2, 6 only.
Pityosporites  libellus  (Potonié)
description, pl. 4, figs. 1, 2.
Pityosporites subtiliexinatus Trevisan: Kedves, pp.
324-325, pl. 1, fig. 45, pl. 2, figs. 1-5.

Pinus sp. Haploxylon-type: Hopkins, p. 11135, figs. 53,

Nakoman, no
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54. Chateauneuf, p. 88, pl. 4, fig. 9; Thiele-Pfeiffer, p. 116,

1969. Pityosporites microalatus (Potonié) Thomson et Pflug pl. 6, fig. 1.
f. minor (Potonié) Thomson et Pflug: Kedves, p. 24, pl. 1980. Podocarpusé cappulatus Frederiksen, pp. 34-35, pl. 4,
11, fig. 2. figs. 17, 18.

1969. Pityosporites microalatus (Potonié) Thomson et Pflug 1984. Cathaya antiqua Klaus, p. 318, pl. 8, figs. 8, 11, 12.
f. major (Potonié) Thomson et Pflug: Kedves, p. 24, pl. 198S. Abietineaepollenites microalatus f. minor Potonié: Song
11, fig. 1. et al., p. 81, pl. 24, figs. 15-18.

1970. Abietineaepollenites sp.: Tschudy and Van Loenen, pl. 1985. Cathaya gaussenii Sivak: Nagy, pp. 133-134, pl. 64,
2, fig. 4. figs. 2-7.

1970. Pinus Haploxylon-type: Boulter and Chaloner, pp. 1985. Cathaya  pseudocristata  (Doktorowicz-Hrebnicka
72-73, pl. 3, fig. F. 1960) Nagy, p. 134, pl. 64, figs. 8, 9.

1970. cf. Pinus semicircularis Stanley: Tschudy, pl. 4, fig. 2. 198S. Cathaya pulaensis Nagy (in part), p. 134, pl. 65, figs.

1970. Pinus strobipites Wodehouse: Rouse et al. (in part), pl. 1-3 only.
7, fig. 4 only. 198S. Pinus Haploxylon-type: Herter, p. 21, pl. 2, fig. 3.

1971. Pinus sp. 1 cf. P. peuce Griesb.: Piel, pp. 1902-1903, 1987. Podocarpidites gracilis Zheng, p. 612, pl. 2, figs. 1-4.
pl. 8, fig. 53. 1987. Podocarpidites cf. nageiaformis (Zakl.) Krutzsch:

1971. Pityosporites microalatus (Potonié) Thomson et Pflug: Zheng (in part), pp. 612-613, pl. 2, fig. 21 only.
Krutzsch, pp. 48-51, pl. 1, figs. 1-19. 1988. Pityosporites bisaccus (Rouse) Takahashi, pp. 109, 110,

1971. Pityosporites alatus (Potonié) Thomson et Pflug: pl. 14, fig. 8.
Krutzsch (in part), pp. 51-52, pl. 2, figs. 2, 3, 5, 7-10 1988. Pityosporites microalatus (Potonié) Thomson et Pflug:
only. Thiele-Pfeiffer, pp. 14-15, pl. 5, fig. 6.

1971. Pityosporites sp. B: Krutzsch (in part), p. 56, pl. 4, figs. 1989. Abietineaepollenites microalatus f. minor Potonié: Sun
5-8 only. et al. (in part), p. 45, pl. 10, figs. 4, 6 only.

1971. Podocarpidites libellus (Potonié) Krutzsch, p. 128, pl. 1989. K BASIC SMALL BODY: Boulter and Manum, p. 673,
32, figs. 1-15. pl. 3, figs. 1, 7, 9.

1971. Podocarpidites podocarpoides (Thiergart) Krutzsch, p. 1989. K BASIC STRAIGHT: Boulter and Manum, p. 6735, pl.
130, pl. 33, figs. 1-11. 3, figs. 5, 11, 14.

1974. Pityosporites microalatus (Potonié) Thomson et Pflug: 1989. Podocarpidites andiniformis (Zakl.) Takahashi: Guan
Nghia, p. 58, pl. 7, figs. 8, 9. et al. (in part), p. 57, pl. 15, figs. 3, 4 only.

1974. Pinus tenuextima Traverse: Takeuti, p. 106, pl. 1, figs. 1994. Abietineaepollenites baileyanus (Traverse) Zhu: Tra-
3, 4. verse, p. 277, pl. 1, fig. 9.

1975. Alisporites grandis (Cookson) Dettmann: Brideaux and 1994. Abietineaepollenites microalatus Potonié ex Delcourt et
Mclntyre, p. 16, pl. 3, fig. 29. Sprumont: Traverse, p. 277, pl. 1, fig. 10.

1978. Pityosporites microalatus (Potonié) Thomson et Pflug: 1994. Pinuspollenites tenuextimus (Traverse 1955) Traverse,
Hochuli, p. 66, pl. 7, fig. 7. p- 277, pl. 1, fig. 11.

1980. Pityosporites microalatus (Potonié) Thomson et Pflug: 1994. Podocarpidites gracilis Zheng: Zheng and Wang, pl. 1,
Chateauneuf, p. 88; Thiele-Pfeiffer, pp. 115-116, pl. 6, fig. 15.
fig. 2. 1996. Pityosporites microalatus (Potonié) Thomson et Pflug:

1980. Pityosporites alatus (Potonié) Thomson et Pflug: Nickel, p. 33, pl. 7, figs. 9, 10.

Appendix C

I. Megafossils: Chun and Kuang (1958) recognized one fossil

Records of Cathaya and Cathaya-Like Fossils

1. Cathaya roselti Schneider. Leaves: Middle Miocene;

species of Cathaya, C. loebrii (Engelhardt and Kinkelin
1908) Chun et Kuang, on the basis of fossil seed cones from
Germany. Farjon (1992) documents the nomenclatural
problems associated with this assignment, including
reference to the original description of the type material by
Geyler and Kinkelin (1887). Nevertheless, Farjon rejects this
taxon as valid, and furthermore points out that the type
material is lost, and in any event appears to have been more
similar to Pseudotsuga than Cathaya. We follow the
recommendation of Farjon and exclude this taxon from
consideration.
A. Oligocene:

1. Cathaya sp. Leaves: Late Oligocene; Kleinsaubernitz,

Bautzen, eastern Germany (Walther 1999).

B. Miocene:

Bluno, Niederlausitz, Germany (Schneider 1981; see
also synonymy therein).

2. Cathaya bergeri (Kirchheimer) Schneider. Leaves:
Wiesa, Germany (Schneider 1981). Leaves and seed
cones: Lower Miocene; Lusatica region, Saxony and
Brandenburg, Germany (Mai 1999).

C. Pliocene:

1. Cathaya sp. Seed cones: Miocene or Pliocene; Aldan
River Valley, eastern Siberia, ca. latitude 62° (Florin
1963). Seed cones: Pliocene, Thiiringen, Germany (Mai
and Walther 1988).

2. Cathaya abchasica Svechnikova. Leaves: Pliocene; east
of Black Sea, Russia (Svechnikova 1964). Leaves:
Pliocene; Thiringen, Germany (Mai and Walther
1988).
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3. Cathaya europaea Svechnikova. Seed cones: Pliocene;
east of Black Sea, Russia (Svechnikova 1964).

4. Cathaya bergeri (Kirchheimer) Schneider. Gregor
(1990) reported this species in floral lists for Spain and
Italy.

5. Cathaya van-der-burghii Gossmann. Seed cones:
Pliocene; Bergheim/Niederrheinische Bucht, Germany
(Gossmann 1991). Seed cones: Late Pliocene; Toskana,
Italy (Mai 1994a). Seed cones: Pliocene; Piemonte,
northwestern Italy (Martinetto 1995).

II. Pollen: Pollen records below list names as applied by
original authors. We consider all of these reports to be
assignable to either the form taxon Pityosporites
microalatus or to Cathaya gausenii, where warranted.
Within categories, reports are listed from oldest to
youngest.

A. Cretaceous:

1. Asia:

a. Pinus trivialis, P. insignis, and P. subconcinna.
Western Siberia, Russia. Cretaceous (Khlonova
1961).

b. Podocarpus andiniformis and P. sellowiformis.
Pavlodar Irtysh Basin, Russia. Upper Cretaceous
(Zaklinskaya 1957).

c. Pityosporites bisaccus. Honshu, Japan. Futaba
Group, Tamayama Formation, Coniacian (Upper
Cretaceous) (Takahashi 1988).

2. North America:

a. Alisporites grandis. Horton River, District of
Mackenzie, Canada. Aptian-Albian (Brideaux and
Mclntyre 1975).

b. Pinus Haploxylon-type. Vancouver Island, western
Canada. Comox Formation, Upper Cretaceous
(Rouse 1957).

c. Punctabivesiculites crassus. Minnesota, U.S.A.
Lower Upper Cretaceous (Dakota Group) (Pierce
1961).

d. cf. Pinus semicircularis. Montana, U.S.A. Tullock
Member of Hell Creek Formation and Fort Union
Formation, Cretaceous-Tertiary boundary (Tschudy
1970).

B. Paleogene:

1. Asia:

a. Abietineaepollenites microalatus f. minor. Conti-
nental Shelf of East China Sea, China. Lower
member of Linfeng Formation, Lower Paleocene
(Sun et al. 1989).

b. Pinus protocembra. Pavlodar Irtysh Basin, Pavlodar
City, Russia. Upper horizon of Lower Oligocene
(Zaklinskaya 1957).

2. North America:

a. Pinus semicircularis. Harding County, South Dako-
ta, U.S.A. Cannonball Member, Fort Union For-
mation, Paleocene (Stanley 1965).

b. Pinus sp. Haploxylon-type. Southwest British Co-
lumbia, Canada. Kitsilano Formation, Eocene
(Hopkins 1969).

c. Pinus strobipites. British Columbia and adjacent
Alberta, Canada. Middle Eocene (Rouse et al. 1970).

d. Podocarpus? cappulatus. Mississippi and western

Alabama, U.S.A. Upper Eocene (Frederiksen 1980).

. Abietineaepollenites sp. (Diploxylon type). Yazoo

City, Mississippi, U.S.A. Upper Eocene (Tschudy and
Van Loenen 1970).

. Pinus sp. 1, cf. P. peuce, and Podocarpus cf.

nubigenus. British Columbia, Canada. Oligocene
(Piel 1971).

3. Europe:

a.

b.

k.

Pityosporites subtiliexinatus. Paris Basin, France.
Paleogene (Kedves 1968).

K BASIC SMALL BODY and K BASIC STRAIGHT.
ODP Leg 104 in Norwegian Sea (Brito-Arctic
igneous province flora). Paleocene-Eocene boundary
(Boulter and Manum 1989).

. Pollenites microalatus. Geiseltal, Germany. Middle

Eocene (Potonié 1934).

. Pityosporites microalatus and P. alatus. Paris Basin,

France. Eocene (Chateauneuf 1980).

. Pityosporites microalatus. Messel, Darmstadt, west-

ern Germany. Middle Eocene (Thiele-Pfeiffer 1988).

. Pityosporites microalatus f. minor and P. microalatus

f. major. Dudar Coal Basin, Hungary. Middle Eocene
(Kedves 1969).

. Pityosporites microalatus. Messel, Darmstadt, west-

ern Germany. Middle Eocene (Thiele-Pfeiffer 1988).

. Pityosporites microalatus. Upper Rhine Graben,

western Germany. Upper Eocene-Middle Oligocene
(Nickel 1996).

. Pityosporites microalatus and P. sp. Tongrube Obel

NO, Netherlands. Upper Oligocene (Krutzsch
1971).

. Cathaya erdimanii, C. van campoae, C. gaussenii, C.

krutzschii, C. wilsonii, C. potoniei, C. scheuringii, C.
uenoi, C. millayi, C. ponsii, and C. tingii.
Escornebeou, southwestern France. Oligocene-
Miocene boundary (Sivak 1976).

Pityosporites microalatus. Central and western
Paratethys region. Oligocene—early Miocene
(Hochuli 1978).

C. Neogene:
1. Asia:

a.

b.

Cathaya zhejiangensis. Ninghai County, Zhejiang
Province, east China. Miocene (Liu et al. 1997).

Pityosporites microalatus f. minor and P. libellus.
Seyitomer region, Turkey. Miocene (Nakoman

1968).

. Podocarpidites gracilis and P. cf. nageiaformis.

Zhangpu County, Fujian Province, southeast China.
Middle-Late Miocene (Zheng 1987; Zheng and
Wang 1994).

. Abietineaepollenites microalatus f. minor. Shelf

Basin of East China Sea, China. Heilongjing,
Yuquan, and Santan Formations, Mio-Pliocene
(Song et al.1983).

. Pinus tenuextima. Ichinoseki City, Iwate Prefecture,

Japan. Kazawa Formation, Late Pliocene (Takeuti
1974).

. Podocarpidites andiniformis. Central and eastern

Bohai Sea, China. Guantao and Pingyuan Forma-
tions, Lower Miocene-Pleistocene (Guan et al.
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1989).
2. North America:

a. Abietineaepollenites baileyanus, A. microalatus, and
Pinuspollenites tenuextimus. Brandon Lignite,
Vermont, U.S.A. Middle Early Miocene (Traverse
1994).

b. Pinus sp. Haploxylon-type. Oregon, U.S.A. Miocene
(Gray 1964).

c. Pinus sp. Queen Charlotte Islands, British Columbia,
Canada. Skonun Formation, Late Miocene (Martin
and Rouse 1966; White et al. 1994).

3. Europe:

a. Pinus peuce. Gliwice, Upper Silesia, Poland. Lower
Miocene (Macko 1957); Lower Silesia, Poland.
Miocene (Macko 1959).

b. Cathaya sp. Oberdorf, western Styria, Austria.
Lower Miocene (Meller et al. 1999).

c. Podocarpus sp. 1-4 and P. standleyi. Lower Silesia,
Poland. Miocene (Macko 1959).

d. Podocarpidites libellus and P. podocarpoides.
Niderrheinisches Hauptfloez, Germany. Miocene
(Krutzsch 1971).

e. Pityosporites  microalatus and P.  alatus.
Wackersdorf/Oberpfalz, Germany. Miocene (Thiele-
Pfeiffer 1980).

f. Pityosporites microalatus. Wallensen,
Miocene (Thomson and Pflug 1953).

g. Pityosporites alatus. Ville, Rhein, Braunkohle, Ger-
many. Miocene (Thomson and Pflug 1953).

h. Pinus Haploxylon-type. Upper Silesia, Poland. Mio-
cene (Oszast 1960).

i. Pinus Haploxylon-type. Central Poland. Miocene
(Doktorowicz-Hrebnicka 1960).

j. Cathaya gaussenii, C. pseudocristata, and C.

Germany.

pulaensis. Hungary. Eger Formation, Miocene (Nagy
1985).

k. Piceae-pollenites microalatus and P. alatus. Grube
Babina bei Muskau, Germany. Middle Miocene
(Potonié 1931).

l. Pinus Haploxylon-type. Nowy Targ-Orawa Basin,
West Carpathians, Poland. Upper Miocene (Nghia
1974).

m. Pityosporites microalatus. Lower Rhine Embay-
ment, northwest Germany. Middle Miocene to
Pliocene (Ashraf and Mosbrugger 1996).

n. Pinus Haploxylon-type. Schosnitz, Poland and
Bohemia, Czech Republic. Upper Miocene and
Pliocene, respectively (Rudolph 1935).

o. Cathaya antiqua. Lavanttal (Carinthia), Austria.
Lower Sarmatian (Miocene) (Klaus 1984).

p. Pityosporites microalatus and P. alatus. Frechen and
Fortuna Garsdorf, Germany. Upper Miocene-Lower
Pliocene (Mohr 1984).

q. Pinus sp. Hunfeld/Hessen,
(Leschik 1954).

r. Pinus Haploxylon-type. Derbyshire, England. Plio-
cene (Boulter and Chaloner 1970).

. Pinus Haploxylon-type. Horloff-Graben/Wetterau,
Frankfurt am Main, Germany. Pliocene-Pleistocene
(Herter 1985).

D. Quaternary:

1. Asia:

a. Podocarpidites andiniformis. Central and eastern
Bohai Sea, China. Pingyuan Formation, Pleistocene
(Guan et al. 1989).

2. Europe:

a. Pinus Haploxylon-type. Perugia, near Roma, Italy.

Pleistocene (Lona and Ricciardi 1961).

Germany. Pliocene

i
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