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scparating into long strips or exfoliating in plates. Wood with axial parenchyma,
lacking resin canals [sometimes with traumatic resin canals in Sequoia and
related genera] and ray tracheids [reported only for Chamaecyparis nootkaten-
sis]. Branches crect or spreading; branchlets erect to pendulous, terete or qua-
drangular, sometimes flattened in frondlike horizontal sprays (in Cupressaceae
s.s.). Foliage leaves entire to minutely serrate, linear to linear-lanceolate and
spirally arranged (often apparently 2-ranked by twisting of leaf bascs) [or op-
posite in Metasequoial in the traditional Taxodiaceae, or decussately opposite
or in whorls of 3 [rarely 4] and scalelike or sometimes awl or needle shaped
in the Cupressaceae s. s.; foliar resin canals 1 [to 3]. Pollen cones (microspo-
rangiate strobili) sessile or short stalked, solitary or variously clustered, terminal
on lcaly branches or short shoots (or sometimes axillary); microsporophylls
spirally arranged, decussately opposite, or ternate, ca. 6 to 24 per strobilus;
microsporangia 2 to 10 per sporophyll, globose or ellipsoid, longitudinally
dchiscent, pendulous, free, in 1 or 2 abaxial rows: pollen spheroidal, without
saccace or prothallial cells: intine thick, exine with surface microverrucate, with
papilla or obscure germinal aperture; male cells approximately equal in size.
Ovulate cones solitary (sometimes secondarily clustered), subglobose to ovoid
[to pyramidal], terminal or axillary, maturing in 1 to 3 seasons; bract and scale
components largely fused in the mature cone, with bract tip protrusive or
inconspicuous; bract-scale complexes spirally arranged or decussately opposite
or ternate, each with 1 to 6 [to 10, or rarely to 20 in Cupressus] erect [or
ultimately inverted], adaxial, bottle-shaped ovules; archegonia aggregated in
terminal (or lateral) complexcs; scales peltate or broadly ovate to triangular-
ovatc or oblong, thickened or strongly flattened at maturity, imbricate or val-
vate, [2 1o 4] 6 1o ca. 20 [to 40 or more] per cone, ultimately woody and
separating (or fleshy and fused into a berrylike structure in Juniperus). Sceds
1 1o several per scale, with [1 or] 2 (or 3) lateral [or nearly terminal] wings
derived from the seed coat, or wingless; seed coat varying from thin to very
thick and woody, often with resin ducts; cotyledons 2 to 6 (to 9 in Taxodium).
Chromosome number usually 217 = 22 (occasionally 33, 44 [66 in Sequoia
senipervirens]). (Including Taxodiaceac Warming, Haandb. Syst. Bot. ed. 2.
163. 1884; Juniperaccae Schaffner.) Type Genus: Cupressus L.

A family of 29 genera* and approximatcly 130 to 140 species concentrated
in the temperate portions of the Northern and Southern hemispheres, but with
some species in boreal and austral areas and with Juniperus procera Hochst.
extending into tropical montanc areas of castern Africa. Of the cight gencra
native in North America, Chamaccyparis Spach, Juniperus L., Taxodium Rich.,
and Thuja L. occur in the southcastern United States, while Calocedrus Kurz,
Cupressus L., Sequoia Endl., and Sequoiadendron Buchh. occur only in the
western part of the continent. About 16 of the gencra are monotypic, although
several of these had much larger ranges (and presumably greater numbers of
specics) in the Tertiary than they do now (Florin, 1963). The largest and most

“Or fewer, if one treats Libocedrus Endl. in the broad sense, including some or all of the segregate
genera Austrocedrus Florin & Boutelje, Papuacedrus H. L. Li, and Pilgerodendron Florin, as was
variously done by De Laubenfels (1972, 1988) and Eckenwalder (1976).
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widespread genera arc Juniperus (50 or more species) and Cupressus (perhaps
13 species) in the Northern Hemisphere, and Callitris Vent. (ca. 15 species) in
the Southern Hemisphere.

Most recent treatments of the conifers have followed Pilger in recognizing
seven families, with the Cupressaccace separate from the Taxodiaceae. However,
many European authors (including Emberger, H. Erdtman & Norin, and Le-
breton) have united these two families in the order Cupressales, and a number
of authors (Eckenwalder; Hart; Price & Lowenstein) have advocated merging
the two families under the carlier name Cupressaceae, as is done here. Although
Pilger and subsequent authors have circumscribed families primarily on the
basis of reproductive characters, especially those of the ovulate cone, the Cu-
pressaceae and Taxodiaceae are similar in development and morphology of
the bract-scale complexes (Florin, 1951) and differ primarily in phyllotaxy of
leaves and cone scales. The leaves of the Cupressaceae s.s. are decussately
opposite or whorled, while those of the Taxodiaceae are alternate (except in
Metasequoia Miki ex Hu & Cheng, in which they are decussately opposite).
The shift from spiral to decussate arrangement is hardly unique to the Cu-
pressaceac s./. Both patterns are also scen in the Taxaccae (where Amentotaxus
Pilger has opposite leaves) and the Podocarpaceae (where Microcachrys J. D.
Hooker has opposite leaves). The taxodiaceous genera also differ from the
Cupressaceac s.s. in having a papilla protruding from the germinal area of the
pollen grain, although this can be very obscure in some genera (G. Erdtman;
Ueno, 1960a).

The two families are held together by an impressive number of morphological
characters, including derived features of embryology (archegonia borne in com-
plexes; free-nuclear mitotic divisions three or fewer in proembryogeny), paly-
nology (pollen grains nonsaccate, lacking prothallial cells), chromosome base
number (x = 11), and high degree of bract-scale fusion in the ovulate cone.
Most genera have seeds with lateral wings derived from the seed coat (Singh,
1978), ovules are often more than two per cone scale, and microsporangia are
usually more than two per sporophyll. Preliminary cladistic analyses of mor-
phological characters (Hart) and immunological comparisons of seed proteins
(Price & Lowenstein) indicate that the Cupressaccae s.1. are a natural group
quite distinct from the other families of conifers and that the Cupressaceac s.s.
form a monophyletic group apparently derived from within the traditional
Taxodiaceae.

The Cupressaceae s./. appear to be only distantly related to the other extant
groups of conifers except for the monotypic Sciadopitys Sicb. & Zucc., Japanese
umbrella pine, which has often been treated as a morphologically isolated
member of the Taxodiaceae (see Eckenwalder; Liu & Su; Pilger; Sporne) or as
the separate family Sciadopityaccac Hayata (Doyle & Brennan, 1971; Hart;
Price & Lowenstein; Schlarbaum & Tsuchiya, 1985). Sciadopitys is similar to
the Cupressaceae s./. in having ovulate cones with substantial bract-scale fusion
and several seeds per cone scale, cach with two lateral wings derived from the
seed coat, and nonsaccate pollen grains lacking prothallial cells. Its chromosome
base number (x = 10) is apparently derived from that of the Cupressaceac s./.
by aneuploid reduction (Schlarbaum & Tsuchiya, 1985). It is unique among
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conifers in having elongate “double needles™ —axillary short shoots that com-
bine features of leaf and stem in their development and morphology (Roth)—
as its photosynthetic organs. It retains primitive states for embryological char-
acters (archegonia not grouped in complexes, five sets of free-nuclear mitoses
in proembryogeny— Dogra. 1980; Doyle, 1963; Liu & Su; Tahara, 1937, 1940),
the derived states of which are shared by the Cupressaceac s./; it also differs
in having male cells unequal in size (Tahara. 1940), pollen grains with much
more prominent verrucate sculpture (Ho & Sziklai), and wood without axial
parenchyma and with much larger cross-field pits (Phillips). Sciadopitys is very
distant from the Cupressaccac s./. in immunological comparisons of seed pro-
teins (Price & Lowenstein). and it also has a long fossil record, dating back at
least to the Jurassic (Florin. 1922, 1963; Manum). Thus it appears to be a well-
separated sister-group of the Cupressaceac s./. (Hart; Price & Lowenstcin), and
we treat it as the monotypic family Sciadopityaceae.

Most modern tribal and subfamilial classifications of the Cupressaccae/Tax-
odiaccac lincage have been devised in the context of two separate families, the
Cupressaccac and the Taxodiaccac, or equivalent groups of lower rank (sec,
forexample, Gaussen, 1967, 1968; Pilger: Pilger & Melchior; Vierhapper). The
Cupressaceace have been divided into tribes or subfamilies in a variety of
ways (comparc Endlicher; Gaussen, 1968; Janchen; H. L. Li, 1953a; Moseley;
Pilger). In perhaps the most widely utilized modern treatment, H. L. Li (1953a)
divided the group into two subfamilies: Cupressoideae, with nine genera in the
Northern Hemisphere (further divided into tribes Cupresseae, Junipereae Ne-
ger, and Thujopsideac Endl.), and Callitroideae Saxton, including the ten South-
ern Hemisphere genera plus Tetraclinis Masters in Spain and northern Africa
(further divided into tribes Actinostrobeae Endl.. Libocedreae H. L. Li, and
Tetraclineac H. L. Li). The cupressoid genera were separated from the callitroid
genera as having imbricate rather than valvate scales on the mature ovulate
cones. However, the lowermost cone scales are often similar in arrangement
in both groups, as was noted by De Laubenfels (1965). Moreover, the mature
cone scales of Cupressus arc nonoverlapping. The cones of the two subfamilics
mostly difler in the reduced axis and usually fewer cone scales in the callitroid
genera. The whorls of cone scales may be partially overlapping at the time of
pollination in the Southern Hemisphere genera but come to lie atapproximately
the same level in the mature cone, rather than being separated along the cone
axis. Reduction in cone-scale number has also occurred in scveral Northern
Hemisphere genera (c.g.. in Microbiota Komarov, with only two to four conc
scales on a reduced axis (Kriissmann; Rushforth), in Calocedrus, and within
Chamaecyparis and Juniperus). The presence of derived features of embryology
(laterally positioned archegonial complexes and reduction of the number of
free-nuclear divisions in the carly proembryo) appears to support a close rela-
tionship among at least some of the Southern Hemisphere genera (Callitris,
Actinostrobus Miq., and Widdringtonia Endl.—Dogra, 1984; Doyle & Brennan,
1972; Singh), although sampling has been very limited, and many of these
genera have never been studied.

Other classifications have associated Libocedrus and its segregate genera with
the thujoid genera of the Northern Hemisphere, which share elongate cone
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scales and flattened ultimate branch systems (De Laubenfels, 1953, 1988:
Janchen; Pilger; Vierhapper). However, the northern genera appear to differ in
wood anatomy (Boutelje: Peirce, 1937). Distribution of tropolone and bifla-
vonoid compounds (H. Erdtman & Norin; Gadek & Quinn, 1985), and pre-
liminary data on anatomical characters such as details of pitting of the foliar
transfusion tracheids (Gadek & Quinn, 1988) only partially agree with H. L.
Li’s (1953a) classification. Thus scveral recent authors (De Laubenfels, 1988;
Gadek & Quinn, 1985, 1988) havc questioned whether Li’s subfamilies are
natural groups, and additional morphological and macromolecular compari-
sons will be necessary 1o resolve their phylogenetic relationships.

The nine taxodiaccous genera (with Sciadopitys excluded) comprise only
about 12 or 13 species and represent remnants of a group that was larger and
more widespread in the Mesozoic and Tertiary (Florin, 1963; Miller, 1977,
1988). Many of the extant gencra had wider geographic distributions in the
past. as is indicated by the fossil record, and several occur back to the Creta-
ccous. One genus Athrotaxis D. Don. is now endemic to Tasmania, five (Cryp-
tomeria D. Don, Cunninghamia R. Br.. Glyptostrobus Endl., Metasequoia, and
Taiwania Hayata) 1o castern Asia, and three (Sequoia, Sequoiadendron, and
Taxodium) to North or Central America.

Classifications of the Taxodiaccac have tended to emphasize form and de-
velopment of the bract-scale complexcs in the ovulate cone, but there are a
number of differences in the details of the treatments (see Eckenwalder; Gaus-
sen, 1967; Hida, 1957, 1962: Janchen; Liu & Su; Pilger & Melchior; Vier-
happer), and a rigorous tribal or subfamilial treatment seems premature. Most
authors group Sequoia with Sequoiadendron and Taxodium with Glyptostrobus,
and recent researchers (Eckenwalder; Gaussen, 1967; Miller, 1988; Miller &
Crabtree) have emphasized the similarities of Athrotaxis, Cunninghamia, and
Taiwania. Preliminary cladistic analysis of a broader set of characters (Hart)
and immunological comparison of sced proteins (Price & Lowenstein; Price,
unpublished data) tend to support the groupings noted above, but place Ath-
rotaxis in a more isolated position. These analyses differ primarily in the
placement of Metasequoia and Cryptomeria relative 1o the other genera, as-
sociating Metasequoia with the other winter-deciduous genera Glyptostrobus
and Taxodium (Hart) or with Sequoia and Sequoiadendron (Price & Lowen-
stein), and Crypromeria with Taiwania and Cunninghamia (Hart) or with Glyp-
tostrobus and Taxodium (Pricc & Lowenstein).

Chromosome numbers are often very stable within families of conifers (Eh-
rendorfer; Khoshoo, 1961), in marked contrast to the situation in the angio-
sperms. With the removal of Sciadopitys 1o its own family, the genera of
Cupressaceae s./. are apparently all characterized by a base number of x = 11.°
Counts have been obtained for all species of the nine taxodiaceous genera and
for species of 16 of the cupressaccous genera, including all ten Northern Hemi-
sphere ones (see particularly Hair; Khoshoo. 196 1; L.-C. Li; Mchra & Khoshoo;
Sax & Sax). The great majority of the species have the diploid number 21 =

$Fokienia Hodginsii (Dunn) Henry & Thomas has been reported by Chen to have a chromosome
number of 27 = 24, but L.-C. Li & Hu have more recently obtained 222 = 22 for the species.
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22. Two monotypic genera are polyploid: Sequoia sempervirens (Lamb.) Endl.
is a hexaploid with 2n = 66, whilc Fitzroya cupressoides (Molina) Johnston
has been reported by Hair to have 2n = 44. Triploid or tetraploid counts have
been obtained for forms (primarily cultivated) of several species of Juniperus
and also for occasional variants of the otherwise diploid Cryptomeria japonica
(L. £) D. Don and Chamaecyparis pisifera (Sieb. & Zucc.) Endl. Karyotypic
comparisons of the taxodiaceous genera were reviewed by Schlarbaum & Tsu-
chiya (1984), who noted some differences in arm lengths and ratios and presence
or position of secondary constrictions. Cunninghamia and Taiwania differ from
the other taxodiaceous genera in having more diversity in chromosome size
and a greater number of submetacentric (vs. metacentric) chromosomes, in
agreement with the relationship between these genera indicated by their sim-
ilarity in cone-scale development (Hida, 1957; Liu & Su).

The Cupressaceac s./. are unusual among the conifers in having archegonia
grouped tightly in complexes. usually with a well-defined jacket layer (Dogra,
1984; Liu & Su; Singh). The archcgonial complexes are usually located near
the micropyle, but are positioned along the sides of the gametophyte in at least
some of the Southern Hemisphere genera of Cupressaceae s.s. (Actinostrobus,
Callitris, and Widdringtonia—sce Doyle & Brennan, 1972; Singh) and in Se-
quoia and Sequoiadendron (Liu & Su) and toward the chalazal end in Athrotaxis
(Brennan & Doyle). There are three sets of free-nuclear mitoses in the proem-
bryogeny of most genera, but the number is reduced to two in Athrotaxis and
Callitris (and probably Actinostrobus and Widdringtonia). Wall formation ac-
companies the first mitotic division in Sequoia, a very unusual feature among
the conifers (Singh). Cleavage polyembryony of various types occurs as a regular
part of development in most genera of the Cupressaceae s./. except for Ath-
rotaxis, Thuja, and Thujopsis, in which it occurs only sporadically (Dogra,
1984; Doylc & Brennan, 1971, 1972).

The Cupressaceac are wind pollinated, as are the other conifers, and have a
pollination-drop mechanism of pollen capture, which is scen in most other
gymnosperms and is evidently the primitive state among the conifers (sce
Doyle, 1945; Singh). Dispersal of the seeds is usually by wind or gravity, except
in Juniperus, where the fleshy cones are caten by birds or mammals, and
Taxodium, where the thickened seed coat may aid in distribution by water
(Fowells).

Many taxodiaceous and cupressaceous genera have been shown to have
vesicular-arbuscular mycorrhizae and to lack root nodules, while Sciadopitys
is morc similar to the Podocarpaccac and Araucariaceae in having root nodules
(Khan & Valder).

Chemical studies have been conducted on wood and leaves of many of the
genera of Cupressaceac s./., with greatest emphasis on the Northern Hemisphere
and Australian groups (sce reviews in H. Erdtman & Norin; Hegnauer, 1962,
1986). Biflavonoid composition has been studied in virtually all of the genera
worldwide (Gadck & Quinn, 1983, 1985; Geiger & Quinn, 1975, 1982). Com-
pounds of the amentoflavone and hinokiflavone series are widespread among
gymnosperms generally and have been found in most genera of the family,
although the latter scries is apparently absent in the Australian genera Callitris
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and Actinostrobus (Gadek & Quinn, 1983). The cupressuflavone series is of
more limited distribution, occurring in the Araucariaceae, one genus of the
Podocarpaceae (Lepidothamnus Phil.), and portions of the Cupressaceac s.s.
(Gadek & Quinn, 1985; Geiger & Quinn, 1982). Cupressuflavone is a major
component in Calocedrus, Cupressus, Juniperus, and Tetraclinis, and a lesser
one in Platycladus Spach and individual species of Chamaecyparis and Thuja
(but not others), all of these indigenous to the Northern Hemisphere. Taiwan-
iaflavone, an unusual biapigenin biflavoid found only in Taiwania, Calocedrus,
and Neocallitropsis Florin, is probably a convergent feature, since the three
genera are very dissimilar in morphology.

The cytotoxic lignans podophyllotoxin and/or desoxypodophyllotoxin, which
have been used in both traditional and modern medicine as antitumor agents,
are found in the leaves of a variety of cupressaceous genera, including Austro-
cedrus, Callitris, Calocedrus, Chamaccyparis, Juniperus, and Thujopsis (Cairnes
¢t al.; H. Erdtman & Norin; Hegnauer, 1986). The related but noncytotoxic
compound savinin is present in the wood of several species of Juniperus and
also in Taiwania (H. Erdtman & Norin; Hegnauer, 1986).

Diverse terpene compounds are found in the wood, leaves, and other plant
parts of the Cupressaccac s./. and are responsible for much of the aromatic
nature of the plants. Most of the monoterpene compounds in the Cupressaceae
s.l. occur widely in other conifers, while sesquiterpenes of the cedrane, thu-
jopsane, widdrane, and cuparane types are particularly characteristic of the
Northern Hemisphere genera of Cupressaceae s.s. and also of Widdringtonia
(H. Erdtman & Norin). Several of these compounds have recently been reported
to occur in low concentration in the foliar resin of Cryptomeria (Yalagai &
Sato), and detailed studies may find them to be more widely distributed among
the taxodiaccous genera.

Tropolones structurally related to the terpenes are important heartwood
components of several genera of the Cupressaceae s.s., particularly those of the
Northern Hemisphere. These compounds, notable for their fungicidal activity,
are apparently absent from the other conifers (H. Erdtman & Norin; Hegnauer,
1986). Tropolones are characteristic of Calocedrus, Cupressus, Platycladus,
Tetraclinis, Thuja, Thujopsis, and most but not all species of Chamaccyparis
and Juniperus (H. Erdtman & Norin). They are found in Austrocedrus and the
related Papuacedrus but are apparently absent in the other Southern Hemi-
sphere genera.

Alkaloids are relatively uncommon components in the conifers and in the
Cupressaceae s./. are well documented only for Arhrotaxis, all species of which
contain homoerythrinane compounds (Hegnauer, 1986, 1988).

Many genera of Cupressaceac s.1., especially species of Chamaecyparis, Cryp-
tomeria, Cupressus, Juniperus, Metasequoia, Platycladus, Sequoia, and Thuja,
are important as ornamental trecs or shrubs (L. H. Bailey; Bean; Dallimore &
Jackson; Ouden & Boom; Kriissmann). Sequoia and Sequoiadendronare among
the largest trees in the world and are centers of attraction in several national
and state parks in California. Wood of many genera of Cupressaceac s./. is
resistant to insect and fungal attack and thus has been highly sought for uses
requiring durability. Wood of various species of Juniperus, Thuja, and Cha-
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maecyparis has been important for shingles, and that of Sequoia for outdoor
uses such as decks and fences.
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