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ABSTRACT

A phytogeographic analysis of 845 Taxus specimens is presented based on leaf anatomical characters for the number of stomata rows
in a stomata band and the number of epidermal cells that lack papillae between the leaf margin and stomata band. The specimens are
arranged by continent, country, state or province, and species, and represented geographically on three maps: (1) North America, (2)
the Euro-Mediterranean, and (3) Asia. Taxus is least diverse and most distinct taxonomically in North America, and most diverse and
least distinct taxonomically in southwest China. Stomata data show several clines in North America, an obvious south to north decrease
for the Mesoamerican yew (T. globosa) and Pacific NW yew (T. brevifolia) populations combined, and a less obvious reverse cline for the
Canada yew (T. canadensis). The results are discussed in review of other paleobotanical data. It is suggested that Taxus immigrated to
North America from Asia across a Pacific land connection during the Cretaceous, and from Europe to North America across North Atlantic
land bridges during the Tertiary. The low diversity of Taxus in North America is suggested to be the result of the K/T extinction event.
In the Euro-Mediterranean, evolution of Taxus is suggested to have been impacted more by extinction as a result of climatic changes
during the Tertiary, and by hybridization during the Pleistocene. The greater diversity in SW China is indicated to be the result of less
extinction there and more frequent hybridization during the Pleistocene, not only among authochtonous species, but also allochtonous
species as a result of the Himalayan uplift.
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INTRODUCTION

The genus Taxus has included eight geographically defined species: (1) T. baccata L.—Europe, N Africa and
SW Asia (Franco 1964), (2) T. cuspidata Siebold & Zucc.—temperate E Asia (Krtssmann 1985; Ohwi 1965),
(3) T. wallichiana Zucc.—Himalayas (Krussmann 1985), (4) T. sumatrana (Miq.) de Laub.—S China, Philip-
pines, Taiwan, Sulawesi, and Sumatera (de Laubenfels 1988), (5) T. globosa Schltdl.—N Central America
to Mexico (Ferguson 1978), (6) T. brevifolia Nutt.—NW North America (Ferguson 1978; Hils 1993), (7) T.
floridana Nutt. ex Chapm.—W Florida (Ferguson 1978; Hils 1993; Price 1990), and (8) T. canadensis Mar-
shall—NE North America (Ferguson 1978; Hils 1993; Price 1990). Except for T. sumatrana, these were also
recognized by Pilger (1903, 1916, 1926) as subspecies of T. baccata.

These eight geographically defined taxa—generally accepted as species (Bailey 1933; Farjon 1998;
Hils 1993; Krussmann 1985; Rehder 1940; Silba 1984)—have not been clearly distinguished (Ferguson
1978; Price 1990), including several other species and varieties that have been recently recognized (Farjon
1998, 2001; Fu et al. 1999); however, I will show that this traditional geographical classification is distorted
to recognizing more species where diversity in the genus is least (North America) and less species where
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diversity is greatest (SW China). This will be based on quantitative leaf character attributes for the number
of stomata rows (SR) in a stomata band, and the number of marginal cells (MC) across an abaxial marginal
zone without papillae. These data will be summarized on geographical maps of North America, Euro-
Mediterranean, and Asia, and analyzed in the results section of this study. This is followed by a discussion
of phytogeographical relationships. Data for all herbarium specimens studied are provided in an appendix
according to continental and political regions and taxonomy.

MATERIALS, STANDARDS AND METHODS

MATERIALS.—The materials of Taxus include 845 specimens of fresh and dried branchlets with leaves
from throughout the natural range of the genus (Appendix), and an undetermined number of specimens
from cultivated plants in Australia (1), England (~50), France (~20), and the United States (~300), and from
miscellaneous other sources, the main one was Phyton, Inc (~65), now Phyton Biotech, a commercial com-
pany specializing in producing taxol from tissue culture of Taxus.

STANDARDS.—The genus Taxus Linnaeus (Taxaceae Gray) is defined by cone and leaf morphology (Florin
1931, 1948c, 1951) in relationship to other “taxad” genera, characterized by producing an arillocarpium
(Spjut 1994)—a type of cone in which the seed is subtended by a fleshy arillate bract (Airy Shaw 1973;
Cheng & Fu 1978; Florin 1948a; de Laubenfels 1988).

Taxads include both extant and extinct taxa; the extant genera, in addition to Taxus, are Amentotaxus
(5-6 spp., China, Vietnam), Torreya (6 spp., E Asia, N America), Austrotaxus (1 sp., New Caledonia), Cepha-
lotaxus (8—11 spp., E Asia), and Pseudotaxus (1-2 sp., China) (Fu et al. 1999). Molecular studies employing
ribosomal RNA (Chaw et al. 1993, 1995), chloroplast DNA (Tsumura et al. 1995), or RAPD (T. Wang et al.
2000), suggested Amentotaxus and Torreya to be more closely related to each other than to Cephalotaxus or
Taxus, and that Cephalotaxus is basal to two clades, (1) Torreya/Amentotaxus and (2) Taxus/Pseudotaxus/Aus-
trotaxus (Cheng et al. 2000); however, whether these clades should be treated in separate orders, families,
subfamilies, or tribes, is controversial (Hill 1998).

Cones.—Pseudotaxus and Taxus produce a terminal seed on a lateral (secondary) short shoot (André
1956; Dupler 1920; Miller 1988) that is only partly surrounded by a loose cupular bract, whereas in other
genera the seed is more fully and tightly covered by the aril (Florin 1948b; Sahni 1920). Cephalotaxus is
distinct for its biovulate cone scales from which usually only one ovule matures (Singh 1961). Amentotaxus
differs for its terminal, “racemose” male shoots (Cope 1998; Fu et al. 1999). The Austrotaxus cone was re-
garded as isolated from other taxads based on anatomy of the seed coat (Bobrov et al. 2004).

The closely related Pseudotaxus (1-2 spp., China, Fu et al. 1999) differs from Taxus by a white aril-
locarpium (Cheng 1934), and additional sterile scales in male cones (Florin 1948¢).

Leaves.—Taxus leaves are differentiated from those in other taxad genera by papillose cells that define
the “stomatic apparatus” (Dilcher 1969; Florin 1931, 1948c¢, 1951, 1958). This apparatus includes 4—8 small
subsidiary papillose cells that encircle each stoma (Florin ring) and adjacent (accessory) papillose cells (Figs.
1A, 1B, 1C). Stomata develop in longitudinal rows (periclinal) in a stomatal region divided into two bands
by a midrib (e.g., Fig. 1A). The midrib and marginal cells vary in size, shape, and development of papillae.
Further details—with photomicrographs—can be found in Ferguson (1978), Florin (1931, 1951), Jinxing
and Yuxi (2000), Kvacek (1984), and Kwei and Hu (1974).

Mammillae, not to be confused with papillae (Bertrand 1874), develop singly over most of the cell’s
surface as large lens like bumps. Under a dissecting scope (30x) they appear most conspicuous along leaf
margins, less so on the epidermal surfaces (adaxial or abaxial). Papillae, by contrast, are smaller and numer-
ous on a cell—like pimples. They develop in 1-3 distinct or concrescent rows, generally discernible only
under a microscope—at least 100x, and only on the abaxial surface. Papillae are always present in stomata
bands, gradually diminishing in prominence outside the bands towards the leaf margins, and may develop
entirely or partially or not at all on midrib cells.

The development of stomata in rows and their differentiation by papillose accessory cells, which together
make up the stomata band, are the most distinguishing features of Taxus relevant to data in this study, compared
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to other extant genera of taxads (Florin 1931, 1951). For example, Pseudotaxus has glaucous stomata bands
(Cheng 1934; Florin 1931, 1948b, 1948¢, 1948d) devoid of papillae, except on subsidiary cells, and more
stomata rows per band—23-28 rows (Florin 1948c), in contrast to 4-21 rows in Taxus (Appendix). Amen-
totaxus and Torreya (Amentotaxaceae) have papillose glaucous bands largely of subsidiary cells (periclinally
arranged), rather than accessory cell types (Florin 1951, 1958). Austrotaxus (Austrotaxaceae; Nakai 1938; Florin
1958), which also differs conspicuously by its long-linear leaves—comparable to some Podocarpus spp.—has
stomata evenly scattered across the entire abaxial surface without clear differentiation of rows and bands in
which the epidermal cells are similar to those on the adaxial surface—irregularly quadrate (or pentagonal)
as in Taxus. These differences, and the presence of other features such as sclereids and resin canals in leaves
of Torreya (Bertrand 1874) and Cephalotaxus, would seem to support classification of the taxads in different
families (Amentotaxaceae, Austrotaxaceae, Cephalotaxaceae, Taxaceae).

The features of the stomata band that distinguish Taxus from other extant taxads do not apply to extinct
taxads, however (Florin 1951, 1958; Harris 1976a, 1976b; Kvacek 1984; Miller 1977). Photomicrographs of
many taxad fossils from Jurassic deposits presented by Florin (1958) show remarkable detail that are strikingly
similar to extant Taxus in leaf epidermis (Kvacek 1984; Meyen 1984), except for narrower stomata bands with
fewer stomata rows (Kvacek 1984). Indeed, some leaves, which included twigs and arillocarpia, were assigned
to Taxus; these are T. bornholmiensis Florin with 4-5 stomata rows, T. harrisii Florin with 5 stomata rows,
and T. jurassica Florin with 3-5 stomata rows; however, none of these appear to belong to the genus Taxus.
Harris (1976a, 1976b), for example, transferred T. jurassica to Marskea, an extinct genus characterized by op-
posite-decussate leaves (Florin 1958; Harris 1976b), which are clearly evident in Florin’s (1958) photograph
of Marskea jurassica. Jurassic taxads include many other extinct genera (Florin 1958) that may have existed
since the Triassic (Florin 1951; Meyen 1984).

Epidermal cells adjacent to leaf stomata bands, the midrib and marginal areas, are usually papillose in
part. Epidermal cells on the abaxial surface nearest the leaf margin appear to have evolved in some species by
extension (folding) of the upper (adaxial) surface to the lower (abaxial) surface; leaves of many specimens are
revolute along their margins in which the abaxial epidermal cells are often more similar to those above than
to the adjacent cells below (Nicolosi 1982).

The comparative morphological relationships of Taxus to other extant taxads (Florin 1931, 1948c; Ap-
pendix) indicate that the ancestral Taxus leaf had a partially differentiated abaxial epidermis in which stomata
developed in definite rows but not in distinct bands. Evidence for this can be seen in T. wallichiana and allied
species in the E Himalayas and SW China. Their leaf stomata occur not only in stomata bands, but also on the
abaxial midrib; essentially, stomata develop across the entire abaxial leaf surface to within several cells of the
margin—in up to 21 rows. The abaxial marginal and accessory epidermal cells are all nearly rectangular and
papillose—in sharp contrast to the epidermal cells on the adaxial surface that are much shorter, +trapezoidal-
pentagonal, and without papillae.

METHODS

More than 1,000 herbarium specimens (A, BH, BM, BOLO, E, GH, K, M, NA, NY, P, PE, PH, S, U, US; Hol-
mgren et al. 1990) were studied of Taxus throughout the natural range of the genus to assess morphological
variation in characters that involve branches, bud-scales, leaves, and cones; 845 are cited in the appendix, and
additional specimens are mentioned in this paper. Each specimen was photographed with a Nikon camera
using 35 mm color film with 35 mm and 60 mm lenses. Stafleu and Cowan (1976-1988) were consulted for
location of types, other specimens of historical relevance to this study, and references.

From each herbarium specimen of Taxus, one mature leaf was selected for microscopic study of anatomi-
cal features. The Taxus leaf was soaked in water for 8—16 hrs. The leaf was then transversely sectioned in the
mid region as bryologists routinely section leaves of mosses for taxonomic identifications. With a single-edge
razor blade and dissecting needle as a guide, 5-10 transverse sections were generally made. Then an abaxial
epidermal layer was removed from both remaining leaf portions, generally 0.5-2.0 mm in length, by scraping
mesophyll parenchyma from the epidermal layer with a razor blade. Occasionally, the entire abaxial leaf
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Fic. 1A. Mid leaf sections of Taxus caespitosa var. latifolia, from a cultivated plant in Maryland, U.S.A, Spjut 10485 (wba), representative of the Baccata
Group, Cuspidata Alliance. Top: transverse section (T-sect.), ~100x, showing elliptical shaped epidermal cells, mesophyll layers of anticlinal palisade
layer of parenchyma and spherical parenchyma cells, drawn by Karen Parker. Bottom: abaxial epidermal layer from margin (left) to midrib (right),
~250x%, showing a marginal border of 8 smooth (non-papillose) cells wide followed by a stomata band with 13 rows of stomata, and a midrib of mostly
smooth cells, drawn by R. Spjut.

Fic. 1B. Mid leaf sections of Taxus brevifolia var. reptaneta from Siskiyou Co., California, U.S.A., representative of the Wallichiana Group, R. Spjut & T. Spjut
11835 (wba, type). Top: T-sect. ~ 100x shows tall angular epidermal cells, drawn by Karen Parker. Bottom: abaxial epidermal layer from margin (left)
to midrib (right), ~250x, shows marginal region of 10 smooth cells across of which 6 rows are inflated, followed by 8 rows of papillose cells, 5 stomata
rows, and a papillose midrib, drawn by R. Spjut.
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Fic. 1C. Mid leaf sections representative of the Taxus Sumatrana Group, drawn by R. Spjut. From top to bottom: Top: T. mairei var. mairei from Guangdong
(China), Tsang 20694 (US), showing elevated and truncated midrib along abaxial surface with enlarged epidermal cells in comparison to smaller elliptical
epidermal cells on adaxial surface, the lower T-section, T. mairei var. mairei from Yunnan, Maire s.n., isotype, showing truncated and channeled midrib
with larger spherical parenchyma cells lying against smaller epidermal cells—maost conspicuous along midrib and marginal zones. Lower two sections:
abaxial epidermis from margin to across the midrib; upper most from Guizhou, isotype (A) of . speciosa, showing marginal region of 23 smooth cells
in width, a stomata band with 16 rows of stomata, and a smooth midrib; the lowest section from holotype of T. sumatrana, showing long rectangular
cells and 12-14 stomata rows.

surface and a medial portion of the adaxial epidermis were removed. All sections were examined under
magnifications of 100x, 250x, and 400x (Nikon binocular microscope) for cell shape, number of stomata
rows, number of cells marginal to stomata bands, and for papillae position and distribution across the abaxial
leaf surface. The results were sketched and described on small packets 3 x 5 inches. A temporary slide of
the sections and photographs of the herbarium specimen were retained for each packet. Leaves from fresh
specimens were also similarly studied throughout the range.

Figs. 1A-1C show diagrammatic leaf sections of the mid region that is representative of three species
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Fic. 2A. Number of stomata rows per band (SR) in leaves of Taxus plotted from locality data on representative herbarium specimens from North America;
see Appendix for specimen data. Specimens from northern Mexico indicated in yellow numbers are not easily distinguished from those in Florida;
therefore, these are considered T. globosa var. floridana.

axus canadensis
Taxus baccata coviplex .

Fic. 2B. Number of stomata rows per band (SR) in leaves of Taxus plotted from locality data on representative specimens from the Euro-Mediterranean;
see Appendix for specimen data. Most specimens were found to have 8—10 stomata rows per band as indicated in yellow numbers. Occasional plants with
higher counts, 11-15 stomata rows per band, are shown in red. Both yellow and red numbers belong to the Baccata Alliance. Numbers in white belong to T.
canadensis. Most T. canadensis have less than 8 stomata rows per band, but a few with higher counts—up to 10 stomata rows per band—are shown.

groups of Taxus. These include (1) a complete transverse section and (2) an epidermal portion of the abaxial
surface from one margin to across the midrib. As previously indicated, similar sketches were made on 3.5
x 5 inch (8 x 12.5 cm) packets for most herbarium specimens studied except only portions of the stomata
and marginal areas were drawn, while number of stomata in a band and number of marginal cells adjacent
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Fie. 2C. Number of stomata rows per band (SR) in leaves of Taxus for representative specimens in E Asia of the Baccata and Wallichiana Groups; see Appendix
for specimen data. The Sumatrana Group, which is common in SE China, is not shown to contrast the difference between the Wallichiana and Baccata
Groups. The Wallichiana Subgroup includes T. suffnessii in white, . florinii in blue, and T. wallichiana var. yunnanensis in black. The Chinensis Subgroup
within the Wallichiana Group includes T. chinensis shown in purple in mainland China and related species in the Chinensis Subgroup in the Philippines,
Sumatera, Sulawesi, and Taiwan, and also two species in mainland China, in yellow. The Cuspidata Alliance includes four species; T. cuspidata, T. biternata,
and T. caespitosa, in maroon, and T. umbraculifera, in black. Note higher counts for T. contorta (8—11) and lower counts for T. wallichiana (11-14) where
the ranges of these taxa overlap in the central Himalayas. The widest range in number of stomata rows was found in N Myanmar to SW China where T.
florinii is recognized to have 7-12 rows per band, and T. suffnessii from 13—20 rows per band.

to stomata bands were recorded. The leaf margin can be difficult to pinpoint when leaves are rounded along
margins. This is determined by the smallest cell that is usually mammillose. Both types of leaf sections were
examined to determine where papillae develop on cells between the margin and stomata band.

Variation due to mechanical preparation, error in counting, and environmental factors (Deryugina &
Nesterovich 1981), were only generally assessed—for practical reasons—{rom duplicates that were uninten-
tionally included in this study, occasional field collections that were collected at various heights from one
or several trees of a population (top, middle, and lower branches of T. brevifolia from trees in California and
Oregon), and from test cases of selected leaves at various developmental stages from shrubs in cultivation.
Practical reasons include damage to herbarium specimens caused by removing a leaf, and the time required
to prepare leaf sections and record data, approximately one hour for each specimen.

Herbarium specimens studied are listed in an appendix with data on numbers of stomata rows per band
(SR) and numbers of marginal cells (MC) without papillae. Specimen data are arranged by continent, then by
country within continents, and finally by taxa, generally from south to north in North America, and from west
to east in Eurasia, and then east and south from the Himalayas to Indonesia. Leaf anatomical data are further
arranged by decreasing order in number of stomata rows (SR), and by increasing order in number of marginal
cells (MC) except for T. canadensis, the Sumatrana Group, and for duplicate specimens belonging to the same
species, or duplicate specimens from the same locality or collection number. Only minimal collection data
are cited, although for many specimens data were minimal. If the stomata count varied on each side of the
midrib of a single leaf, this is indicated by a slash; for example, T. canadensis frequently had 5 stomata rows
in one band and 6 in the other (5/6). A dash between numbers indicates a variable range, especially when
more than one leaf from the same specimen was studied, or a dash alone indicates absence of data. It should
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be remembered that these data are a byproduct of an overall taxonomic study of the genus Taxus (see Spjut

2007); i.e., they were not compiled with this paper in mind. Additional character features that appeared to

correlate with the findings are also noted (e.g., length of epidermal cells/width of epidermal cells or 1/w).
RESULTS

Numbers of Stomata Rows (SR).—Figures 2A, 2B and 2C show numbers of stomata rows per band on
maps of North America, Europe, and Asia, respectively, for representative specimens listed in the Appendix.
Each number represents a count from a single leaf of a herbarium or fresh specimen; the datum is plotted
at the general location where it was reported to have been collected. Where the count varied on each side
of the leaf midrib, or among duplicate specimens, the highest number was scored.

Stomata data for duplicate specimens, or among specimens from different plants at the same locality, are
summarized under five cases as follows:

(1) For 62 duplicates of herbarium specimens included in this study, the same number of stomata rows per band was found in 19 dupli-
cate specimens. Among the remaining 43 duplicates, 17 differed only by 1 row, another 17 differed by 2 rows, 6 varied by 3 rows,
and 3 varied by as much as 4 rows. Duplicates that varied by 4 stomata rows appear to have been collected from different habitats
within the same general locality. Examples are Farges 128 from Sichuan, Tsiang Ying 1425 from Guangdong, and several cases where
the same collection number was reported from multiple locations, Wilson 1265, from two sites in Sichuan and one in Hubei, and
Wilson 4053 from two locations in Sichuan (Rehder & Wilson in Sargent 1914).

(2) From a single shrub of T. caespitosa Nakai var. latifolia (Pilg.) Spjut in Maryland, ~35 yrs of age and 3 m in height, 16 leaves were
selected from branchlets with various exposures to light and age (1*-2" yr). With one exception, 15 were found with 13 stomata
rows per band; one leaf—plucked from a well-shaded branchlet near the main trunk—had 16 rows.

(3) From trees of T. brevifolia, leaves from top, middle, and lower branches had the same count at two sites—one in California, and
another in Oregon—but varied by 1-2 rows in leaves from different trees at the same sites.

(4) In Taiwan, individuals of a population collected on five occasions (Appendix) had the same number of stomata rows at one site
(Tongshi 7), but varied from 11-14 rows per band at two other sites (Tongshi 5, Tongshi 6).

(5) The age of the leaf was apparently not a factor in 20 leaves studied of one cultivated individual of T. mairei (Lemée & Lév.) S.Y. Hu ex
T.S. Liu var. speciosa (Florin) Spjut; 16-18 stomata rows per band were found in all leaves from buds to 3™ yr branchlets.

Generally, the number of stomata rows per band varied by a count of 3 for about half of the individuals or
species. In NW North America (T. brevifolia), this occurred frequently among different individuals within
a population, whereas in Europe (Baccata Alliance) leaves of Taxus exhibited the same range in variation
whether obtained from the same plant or from different plants at the same site. A wider range, 13-18 stomata
rows, in the E Himalayas (T. wallichiana), and a narrower range, 5-6 or 6—7 stomata rows, in NE North
America (T. canadensis), were also evident.

Despite this range in variation, the numbers of stomata rows per band in North American Taxus (Fig.
2A) show a distinct cline from south to north for the Wallichiana Group (Central America to Florida, Cali-
fornia). Specimens from Honduras to southern Mexico had 7-11 rows per band (Bertrand 1874); those from
N Mexico and Florida had (5-) 7 (=8) rows per band in further contrast to 4-7 (-9) stomata rows per band
in the Pacific NW. This northward decline in stomata rows per band is also apparent within the Pacific
NW by the highest count of 9 rows found in specimens from California, compared to the lowest count of
4 rows from specimens at more northern locations—in the Rocky Mountains. This cline was also noted to
be associated with an increase in length of epidermal cells relative to width (I/w), ranging from an average
of ca. 3x I/w to 8x l/w.

Areverse cline, however, is evident in the NE North America by 9 rows per band occasionally found in
specimens from Newfoundland, compared to the more common 6 rows per band as reported by Bertrand
(1874), which includes specimens from Quebec to Ontario, south to Kentucky (Spjut 1998a, 2000a, 2000b).

In the Euro-Mediterranean, Taxus leaves most often had 8—10 stomata rows per band (Fig. 2B); however,
notably higher counts and lower counts were found at widely scattered locations (Fig. 2B, red and white
numbers; appendix in bold type). Among the higher counts are specimens from the Caucasus Mountains,
one with 15 rows (Princeps Kascelsky, ex. Herb. Hort. Imper. Petro), another with 13 rows (Woronowa s.n.). Oc-
casional specimens with 12 rows are from Bosnia (Biol. Inst. Dubrovnik 37), Romania (Topa, Bot. Mus. Exsic),
Finland (Florstém s.n.), Portugal mainland (Yoller 61), Portugal Azores (Goncalves 4625), and Algeria (Swingle
s.n.). Those that were noted to differ in other morphological features are indicated in bold type, including also
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specimens with 11 stomata rows per band, such as one specimen from England (Bowden & Hillman 433) that
had globose shaped epidermal cells, instead of the usual elliptical shape; others such as Hauti 28894 from
the British Isles and Busch s.n. from the Caucasus Mountains had a broader marginal zone of bare cells, as
indicated later under results for marginal cells. A higher number of stomata rows with a wider leaf margin
indicate a higher density of stomata as seen in the Cuspidata Alliance. The range of variation for the Baccata
Alliance was greatest in Transcaucasia.

Leaves with fewer than 8 stomata rows per band include seven specimens with 7 rows—{rom Germany,
Austria, Switzerland, Bosnia, and Turkey; these belong to the T. baccata Alliance. Those with fewer than 7
rows were relatively rare (1-2% of 196 specimens cited for the Euro-Mediterranean Region), two specimens
with 5 rows from Norway and Sweden, and one with 4 rows from Slovenia. These are considered T. canaden-
sis as shown later. A cline is not apparent in the Euro-Mediterranean as it is in North America; however,
the relative frequent occurrence of stomata in 8—10 rows per band appears significant when compared to a
greater range of variation in E Asia (7-21 rows per band, Fig. 2C).

In E Asia, the number of stomata rows per band ranged from 7-16 in the temperate region, and from
(5-) 7-19 (-21) in the tropical region with two patterns converging in the Himalayas, one from the west
with 5-8 (-11) rows of stomata, and another from the east with 7-21 rows per band.

Number of Marginal Cells (MC).—The absence of papillae nearest the leaf margin, as measured by
the number of marginal cells (MC) across between the margin and stomata band, is depicted geographically
in Figs. 3A and 3B, and detailed in the Appendix.

Data on marginal cells lacking papillae along the abaxial surface (MC) were recorded less often for
North American species because they were distinguishable early in the study (Hils 1993; Spjut 1992, 1993).
It was recognized that marginal cells of T. canadensis always lacked papillae (Hils 1993, Spjut 1992, 1993,
1998a, 2000b), which has since been determined to vary from 11-19 cells across in North American plants
(Appendix); the absence of papillae on the abaxial midrib is in sharp contrast to the papillose midribs of
other North American species (T. brevifolia, T. globosa).

In the Euro-Mediterranean, the abaxial surface of leaves of most Taxus specimens (~75%) lacked-papil-
lae along a relatively narrow marginal zone of 4-7 cells across (Fig. 3A). This included the lectotype for T.
baccata and two specimens from the Caucasus Mountains that, unlike the lectotype, were found to have a
relatively high stomata count as noted earlier—one with 13 stomata rows per band, and one with 15 sto-
mata rows per band—and also one specimen from Bosnia with 12 stomata rows per band. A specimen from
the Caucasus Mountains—that had abaxial marginal papillae to within one cell from the margin—Ilacked
papillae on nearly half of the cells across the midrib in the median region (Woronowa s.n.).

Leaves of Euro-Mediterranean specimens with a relatively broad zone of bare cells between the margin
and stomata band—{rom 8-24 cells across—were found less frequently (~25%). These are from widely scat-
tered places. Many are indistinguishable from T. canadensis in North America—based on additional characters
of branching, phyllotaxy, and color (Figs. 4-5); therefore, are referred to T. canadensis (Spjut 2000b). In
Europe, leaves of T. canadensis may include a transitional zone of papillose cells between the stomata band
and margin (Fig. 4, specimen from Morocco). These plants may be hybrids between T. canadensis and T.
baccata.

The Cuspidata Alliance showed an intermediate range of values for abaxial marginal cells without pa-
pillae, (6-)8-18(-24) cells across (Figs. 3B, 6), compared to the Baccata Alliance, (1-)4-7(=11) cells across
(Fig. 3A) and the Sumatrana Group, 8-36 cells across (Fig. 3B, 6). The higher stomata counts in relatively
narrower stomata bands for the Cuspidata Alliance (see also Dempsey & Hook 2000) and Sumatrana Group
means in effect they have a higher leaf stomata density, recognizing also that stomata density is related to
width of the epidermal cells and the width of the stomata band (Nicolosi 1982), and that a transitional zone
of papillose cells is always present in the Baccata Alliance but not in the Cuspidata Alliance. Data on number
of papillose cells across the abaxial margin were not included in this study because this was observed to
be highly variable, although the absence of papillae in T. canadensis has taxonomic significance in North
American species as already indicated (Hils 1993; Spjut 1992, 1993, 1998a, 2000b).
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Fic. 3A. Number of epidermal marginal cells (MC) without papillae between the margin and stomata band (abaxial surface nearest margin) for repre-
sentative specimens of Taxus from the Euro-Mediterranean Region; see Appendix for locality data. Numbers in red show the more common range in
variation—a leaf margin 4-7 cells across—that corresponds to T. baccata and its allies in the Euro-Mediterranean Region. Numbers in white contrasts
the higher counts—a leaf margin 6—24 cells wide—that belong to T. canadensis. Data in yellow numbers indicate intermediates that are morphologi-
cally similar to T. biternata, T. canadensis, T. cuspidata, or T. contorta, appearing more fr