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ABSTRACT

Cephalotaxus wilsonianBlay. is a species of gymnosperms endemic to Taiwan. This study examined
morphologically and anatomically the development of staminate cones and microsporogenesis of the species for the
purpose of conservation. The duration from formation of staminate buds to shedding of pollen graiitsoniana
is more than six months. Staminate buds appear in early October. The archesporium originates in microsporophyll
primordium in late October. The sporogenous tissue proliferates and the tapetum layer becomes distinct in the middle
of November. Pollen mother cells develop at late December and rest in January. Meiosis takes place in pollen mother
cells in mid-February. Tetrad microspores separate from each other between late February and early March. A
generative cell and a tube cell appear in each pollen grain in late March. Pollen grains are shed between late March
and early April. A mature compound head consists of 8~9 (5 basal, 2~3 lateral and 1 terminal) staminate cones. Each
male cone has a cone axis, on which 4~15 microsporophylls are spirally arranged. There are two forms of mi-
crosporophyll which bear 2~4 abaxial hyposporangia or 4~6 whorled perisporangia on a stalk.
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[. Introduction
ll. Materials and Methods

The genuLephalotaxuarlier included six species
(Pilger and Melchior, 1954) but now includes nine species Reproductive buds ofephalotaxus wilsoniana
(Fu, 1984), of which seven species are distributed in mainHay. were collected during the stages of their development
land China and one species in Taiwa@ephalotaxus from Dec. 23, 1994 to Nov. 10, 1995 in Nan-tou County, in
wilsonianaHay. is the only species found endemic to Tai-the central part of Taiwan at Chi-tou, the Experimental For-
wan (Li and Keng, 1994). est of National Taiwan University and at Tsuei-fuen, the

Earlier phenological observations on staminate conedlatural Protection Area of Ruei-yen Brooke (Table 1).
in Cephalotaxusvere described by Lawson (1907). He Microtechniques for sectioning materials followed
noticed that the shedding of pollen graingofdrupacea  Johansen (1940) and Chiang (1975). Buds with stalk were
begins in March and extends for three weeks. According teaollected and immediately fixed in FAA (formalin:acetic
Coker (1907), pollen grains &f. fortuneiare two-celled at  acid:50% ethanol = 1:1:18 in volume) after collection. Ma-
the time of shedding. Gong and Chiang (1971) reportederials were then dehydrated in TBA-series and embedded
briefly that pollen grains of. wilsonianamature between in paraffin for sectioning. Sections were obtained on a sli-
January and March and are shed in March. ding microtome with a thickness of 12-i#. After double

Singh (1961) studied the life history and systematicstaining with safranin-O and fast green or methyl green and
position inC. drupacea Wilde (1975) gave a new inter- dehydration, sections were mounted in Canada balsam resin
pretation of microsporangiate cones in Cephalotaxaceaf®r observation and photography under a light microscope.
and Taxaceae, with reference to morphological and anatomMorphological photography was performed under a stereo
cal significances. microscope.

The staminate cone structure®f wilsonianawas
described by Li and Keng (1954), Gong and Chiang (1971)lll. Results and Discussion
Liu and Liao (1980) and Liet al (1988), but their obser-
vations were limited, and there were differences among After serial morphological and anatomical observa-
them. Itis the purpose of this study to inventory the devetions on head buds of staminate cones, the development and
lopment of staminate cones and microsporogenesis. microsporogenesis included the following stages:
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Table 1. Number of Staminate Heads Collected on indicated Dates (yy/mm/dd) in Different Development Stages (i-xii) from the Locdlity™Ch
(CT) or “Tsuei-Fen” (TF) and then Sectioned

date(locality) no. of staminate heads stage of development

collected sectioned
94/12/23(CT) 12

N

(iv) development of pollen mother cells

95/01/17(CT) 15 3 (v) resting phase of pollen mother cells
95/01/27(CT) 27 6

95/01/31(CT) 19 2

95/02/08(CT) 10 4 (vi) degeneration of the middle layers
95/02/18(CT) 10 4 (vii) meiosis of pollen mother cells
95/02/28(CT) 14 4 (viii) development of microspore tetrads
95/03/10(CT) 11 3 (ix) development of free microspores
95/03/16(CT) 8 1

95/03/24(CT) 6 2 (x) completion of head development
95/03/28(CT) 12 3 (xi) formation of 2-celled pollens
95/04/03(CT) 5 2 (xii) pollen grain shedding
95/04/15(CT) 6 1

95/10/05(CT) 16 3 (i) origination of microsporophyll
95/10/11(TF) 10 2

95/10/23(CT) 15 4 (ii) differentiation in microsporangium
95/11/10(CT) 19 4 (iii) proliferation of sporogenous tissue

1. Origination of Microsporophyll (1995/10/05) 2. Differentiation in Microsporangium (1995/10/
23)

The compound nature of the so-called male “capitu-
lum” in Cephalotaxus$as been long recognized by various Globose buds are bigger than 1.5 mm in diameter and
authors: Thibout (1896), Worsdell (1901), Dluhosch (1937)well stalked with a stem. Cone bracts cover the bud body
Singh (1961) and Wilde (1975). A bud of a staminate conabove leaf scales (Fig. 2(a)). In the CS, a fertile branch
is a swelling body at the end of a vegetative twig end, andppears at the center (Fig. 2(b)), around which there are 5
there is no conspicuous constriction at the bud baskasal cone axes. Each basal cone axis bears a few
(Fig. 1(a)). Wilde (1975) defined this kind of short, deter-microsporophylls, each of which gives rise to 2-6
minate vegetative branch as a peduncle, which is axillary tmicrosporangia. Outside each basal cone axis, there is an
leaves of the current season’s growttCinharringtonia  opposite bract. Some cells of microsporangium protoderm
var. harringtonia undergo anticlinal cell division (Fig. 2(c)). Beneath the

Buds are mainly covered with scale leaves, which ar@rotoderm, there are 2-3(4) layers of cells of more or less
spirally arranged as on the twig. Scale leaves, on the upppericlinally flatted form. They will develop to become the
part of the bud, are acute at the apex and on the lower panall layer. Cells at the core center are large, with a large
and are acuminate at the apex. Afew young cone bracts aracleus, and are densely compacted together. This is the
present at the apex of the bud and over the scale leavsgorogenous tissue with meristem characteristics. Similarly,
(Fig. 1(b)). Within these bracts, there are many primordian C. drupaceaarchesporial cells divide periclinally to form
of microsporophyll around a main stele. That is the sothe primary parietal layer, which is organized in a four-la-
called fertile branch, which is borne on the peduncle (Wildeyered wall, and the primary sporogenous layer (Singh,
1975). Figure 1(c) shows a primordium which extrudesl961).
toward one side in a central longitudinal section. Along the
convex edge of the primordium, the outer layer of cells3. Proliferation of Sporogenous Tissue (1995/11/10)
which neighbor each other closely with anticlinal cell walls,
is the protoderm. Immediately beneath the protoderm, a Buds become bigger, over 3.0 mm thick, and are in
few cells are in anticlinal-orientated files and appear to beompressed globose form. The length of the bracts is about
formed after periclinal cell division. They are hypodermaltwo times that of the scale leaves. Inside the bracts, there
cells of archesporium, which may give rise toare clusters of microsporophylls. A microsporophyll con-
microsporangium. This is similar to the origin of archespo-sists of an apex, microsporangia and a stalk. The apex is
rium in C. drupacegSingh, 1961). A plate of hypodermal toward the bud axis and contains a resin cyst. It will de-
archesporial cells, five to seven cells wide, is present on theelop the so-called “lamina” (Singh, 1961). The distal part
abaxial surface near the base of the microsporophyll.  of the microsporangia is abaxially adnate to the stalk.
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Three kinds of tissues are differentiated in the microspothe innermost layer will develop into the tapetum. Cells of
rangium (Fig. 3). Epidermal cells are rectangular in formsporogenous tissue are compacted together in the core center.
and have a nucleus. Beneath the epidermis, the wall lay&@hey are isodiametric in form and have a large, dark-stained
is constructed with 2-3(4) layers of flat, thin cells, of whichnucleus. InC. drupaceathe cells of the innermost wall

Fig. 1. Origination of microsporophyll (1995/10/05) (Chi-tou). (a) (SV) A male bud on the end of a twig. The whole organ covesealavigaves (s),
which are arranged in a spiral manner. (b) (LS) (@8%A bud consisting of a fertile branch (arrow) on a stalk (K) and groups of meristematic tissues.
A few bracts (b) envelope the bud body. Resin duct (asterisk). (c) (LS)u22.Enlargement from the frame area in Fig. 1(b). Along the border
(dotted line) of a convex meristem body (c), there is a layer of protoderm (t), which is divided by anticlinal cell wadledhyay and beneath
the protoderm periphery cells neighboring each other by periclinal cell walls (short arrows). The inner tissue is irmrgguiiayl oAxial direction
(big arrow).
Notes (1) materials collected on the date(yy/mm/dd) and at the location.
(2) views of observations or orientations of sections:
(TV) = top view
(SV) = side view
(CS) = cross section
(LS) = longitudinal section
(OLS) = obligue longitudinal section
(3) ratio of enlargement: scale unit of linear = 1 mm under stereomicroscopy odauimder light microscopy
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Fig. 2. Differentiation of microsporangium (1995/10/23) (Chi-tou). (a)
(SV) Globose buds are covered with bracts (b), and each bud is
stalked with a twig. Twigs are covered with scale leaves (s), and
each twig is axillary to a vegetative leaf (L) on the shoot (T). (b)
(225um) A CS is near the base of a bud. There is a fertile branch
(fb) at the center, 5 basal cone axes (ba), 5 bracts(b) and a few scale
leaves (s) outside. A sporophyll stalk (ss) diverts from a basal cone
axis, and bears, e.g., 4 microsporangia (frame area with dotted line).
Resin ducts (asterisk) are present in different organs. (c) (CS) (45
um) Enlargement of the rectangular frame area in Fig. 2(b). A
microsporangium is organized from outside inwards: a layer of
protodermal cells, a few of which are undergoing division (arrow),
2-(3) layers of wall layer cells (wl) and the sporogenous tissue (sp)
at the core center with division activity (arrow head).

layer also undergo frequent anticlinal division and differ- or just-after-division activities in morphology. They de-
entiate into tapetum (Singh, 1961). Furthermore, some celigelop into pollen mother cells.

in the wall layers contain darkly staining substancés.in

drupacea and a few others show tannin. However, this5. Resting Phase of Pollen Mother Cells (1995/01/

feature was not found in the present study. 17)
4. Development of Pollen Mother Cells (1994/12/ Head-like bud is about 3.5 mm in thickness, and its 5
23) bracts and microsporophylls containing microsporangia

spread out gradually (Fig. 5(a)). Each basal cone axis di-

The male compound heads®©f harringtoniavar.  verts from the fertile branch and fuses abaxially with a bract
harringtonia at early developmental stage are small andat its base. Fusion of the cone axis with a bract is also
globose in shape and compact in structure (Wilde, 1975)ommonly observed in other species (Wilde, 1975). In the
In the present study, head-like staminate buds are consblique longitudinal section of the microsporangium, the
pressed globose, ca. 3.5 mm in diameter. Five bracts arepidermal cells at the ab-stalk-axial surface of the microspo-
microsporophylls with microsporangia spread out slightlyrangium are obviously thicker than the others (Fig. 5(b)).
(Fig. 4(a)). At a level near the top end of the bud, there is #s nucleus is small, and the outer cell walls are thickened.
fertile branch at the center, from which a sterile bract divertsSome of 1-2 layered middle layers cells collapse.
A few microsporophylls with several microsporangia areConsequently, the tapetum is partially, loosely separate from
present, with bracts and scale leaves further outside. A mihe outer or inner tissues. Some of its cells are binucleate.
crosporophyll constructs a stalk at the center and a few, &his is the same description given by Singh (1961), who
g. 4, microsporangia around it. Epidermal cells are similanoted that some of tapetal cells become binucleate at the
in form and size to one another (Fig. 4(b)). The wall layemother cell stage of the sporangium®fdrupacea Pol-
is intact. Sporogenous cells appear to retain meristematien mother cells with relatively large and dark-stained
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Fig. 3. Proliferation of sporogenous tissue (1995/11/10) (Chi-tou). (OLS)

(25 um) Three parts of the microsporangium seen from outside

inwards: the protoderm, in which a cell is undergoing anticlinal
division (arrowhead), the wall layer of 2-(3) layers of cells and the
sporogenous tissue with cell division (arrow).

nucleus appear to be static and contain no secondary
substances, such as starch grains. However, Singh (1961)

noted that starch grains were present in the pollen moth
cells of C. drupacea

6. Degeneration of the Middle Layers (1995/02/08)

Figure 6(a) shows a head bud of staminate cones.
is less than 4.0 mm in diameter. Five bracts are present

the base, to each of which a basal cone is axillary. Tw«
smaller bracts with lateral cones are above these basal con
At the center it is the terminal cone. The epidermis and thi
pollen mother cells in microsporangium are similar in mor-
phology to those of the cones in the last developmental stag
(Fig. 6(b)). The tapetal cells are flat. Cells in the middle
layers, which lies outside the tapetum, are either collapseu

without a nucleus or have a lightly stained nucleus. Th

mother cells, it seems that the tapetunCofirupaceavas
misidentified as the middle layers by Singh (1961).

7. Meiosis of Pollen Mother Cells (1995/02/18)

Heads of staminate cones grow further, to over 5.0
mm in dia. (Fig. 7(a)). The construction of each part, 5
basal cones, 2 lateral cones and the terminal cone, is clearly
identified in top view. Microsporangia of a head develop
independently and not synchronously. The epidermis and
the tapetum of the microsporangium remain intact in their
appearance (Fig. 7(b)), while some pollen mothers are ready
to undergo meiosis. This is the premeiotic interphase. In
another microsporangium, there is group of bivalent chro-
mosomes in each pollen mother cell during the meiosis stage
prophase | (Fig. 7(c)). At diakinesis, 12 bivalents were
counted for this genus in earlier papers (Sax and Sax, 1933;
Sugihara, 1940; Mehra and Khoshoo, 1956; Singh, 1961).
Then, each group of 12 bivalent chromosomes divide into
two sets of monovalent chromosomes during the meiosis

er

C

eig. 4. Development of pollen mother cells (1994/12/23) (Chi-tou). (a)

intercellular spaces, therefore, are wider than before. This  (Tv) A head-like bud with 5 bracts (arrow heads) slightly spread

degeneration of the middle layers was not mentioned in oth

er out, so that microsporophylls with microsporangia are visible. (b)

previous studies. However, Singh (1961) noted that the tape- ~ (€S) (254m) A microsporangium consisting of three tissues parts,

tum of C. drupaceas of the glandular type, and degene-

from outside inwards: a layer of epidermis and (1)-2 wall layers and
pollen mother cells. Epidermal cells are similar in form and size.

rates simultaneously with the reduction division in the Pollen mother cells appear to have undergone division activity

mother cells. According to this timing of meiosis in pollen

(arrow).
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cone. Each axis of a basal cone or lateral cone is connate
with a bract abaxially. Microsporangia are elliptic in form

in longitudinal sections. It is obvious that the outer walls of
epidermal cells, which lie at the ab-stalk-axial surface of
microsporangia, are thick (Fig. 8(b)). The tapetum consists
of one layer of cells after degeneration of the middle layers.
Tapetal cells are regularly flat-formed. Some of them are
binucleate, and some may have a vacuole. Tetrads of mi-
crospores are formed after meiosis of pollen mother cells
and formation of cell walls between them. There are two
arrangements of microspore tetrads: mostly tetrahedral and
a few isobilateral (Fig. 8(c)). The microspore tetradg.of
drupaceamay also be tetrahedral or isobilateral (Singh,
1961). Microspores of each tetrad gradually undergo sepa-

Fig. 5. Resting phase of pollen mother cells (1995/01/17) (Chi-tou). (a)
(TV) 5 bracts (broad arrowhead) and microsporophylls with mi-
crosporangia of a head-like bud gradually spreading further out. (b)
(OLS) (45um) The epidermal cells (broad arrowhead) at the ab-
stalk-axial surface of microsporangium are thickest of all while the
others on the opposite side (big arrow) are thinnest. In the layer of
tapetum (narrow arrowhead), some cells are binucleate (arrows).
Most of the cells in the middle layers, between the epidermis and the
tapetum, lack a visible nucleus or are collapsed. Pollen mother cells
are inside with a large, dark-stained nucleus.

stage anaphase | (Fig. 7(d)). Finally, four groups of mono-
valent chromosomes are distributed separately within a cell.
However, no cell wall formation is detected between the

grouped chromosomes (Fig. 7(e)). This is the stage of
tetrads, or the end of meiosis II. Singh (1961) also found
that wall formation took place after the stage meiosis Il in

C. drupacea

ration later (Fig. 8(d)).

8. Development of Microspore Tetrads (1995/02/28) Fig. 6. Degeneration of the middle layers (1995/02/08) (Chi-tou). (a) (TV)

Heads of staminate cones grow relatively slowly and
are less than 5.5 mm in diameter (Fig. 8(a)). A head may be
composed of 5 basal cones, 3 lateral cones and a terminal
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5 basal cones (bc) with 5 bracts (b), 2 lateral cones (Ic) with 2
smaller bracts (arrows) and a terminal cone (tc). (b) (CSjut#5

Tapetal cells are flat (short arrows). Some cells in the middle layers,
which are outside the tapetum, are either collapsed without a
nucleus (arrowheads) or have a light-stained nucleus (long arrows).
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Fig. 7. Meiosis of pollen mother cells (1995/02/18) (Chi-tou). (a) (TV) 5
basal cones (bc), 2 lateral cones (Ic) and a terminal cone (tc). (b) (45
um) Epidermal cells are thick (asterisk), and a few tapetal cells are
binucleate (arrow). Much intercellular space is around the pollen
mother cells, which is in the premeiotic interphase. (c) (22pA
group of bivalent chromosomes in each pollen mother cell (arrows)
during meiosis stage prophase I. (d) (2219 Side view of two sets
(arrowhead) and polar view of one set of bivalent chromosomes
(arrow) during meiosis stage anaphase |. (e) (@&pFour sets of
monovalent chromosomes distributed separately in a cell
(arrowheads) during meiosis stage tetrad.

9. Development of Free Microspores (1995/03/10) found by Huang (1972). The cytoplasm of a microspore is
full of light reflective particles, which are probably starch
A head becomes ca. 6.0 mm thick (Fig. 9(a)). Thegrains.
anatomical features of the epidermis and the tapetum Singh (1961) observed several abnormalities during
remain almost the same as before (Fig. 9(b)). Microsporemicrosporogenesis &. drupaceasuch as in the behavior
are free inside the tapetum. Some of them are roundf the chromosomes, nuclei separation due to wall forma-
(16-18 um in dia.) while some are wrinkled (Fig. 9(c)). tion and exine development of pollen grains. However, no
Microspores have a nucleus and thick wall (ca.pirf. significant abnormalities were found during microsporo-
They appear to have an aperture or a concave wrinklgenesis in this study although advanced cytological tech-
while mature pollens are inaperturatégdnwilsonianaas  niques were not performed here.
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Fig. 8. Development of microspore tetrads (1995/02/28) (Chi-tou). (a) (TV) A head composed of 5 basal cones (bc), 3 laterahodreete(ic)inal cone
(tc). (b) (LS) (9qum) The outer wall of the epidermal cells is thick (long arrow). Tapetal cells are flat, a few of them may have vacuolesgarowh

and a few of the others are binucleate (short arrows). (c) (LS)u22.5wo arrangements of microspore tetrads: tetrahedral (arrows) and isobilateral
(arrowhead). (d) (LS) (22.6m) Microspores of tetrads undergoing separation (arrows).

10. Completion of Heads of Staminate Cones (1995/ staminate cones approaching maturity is schemed in

03/24) Fig. 10(c). Basically, there are 8(-9) cones on a fertile branch

in three levels: a terminal cone, 5 basal ones and 2(-3)
Heads of staminate cones can reach about 8.0 mm smaller lateral cones in the middle between them. The

diameter, and every part of the head spreads out completdlyrminal cone and each basal cone (Fig. 10(d)) is composed
at this stage so that the microsporangia are visible (Figf 7-8 microsporophylls while the lateral cones have 4-5.
10(a) and (b)). The morphological structure of the heads dach basal and lateral cones is axillary to a bract, which is
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abaxially connate with the cone axis while only the termi-
nal one lacks such a fertile bract (Fig. 10(c)). However,
1-2 smaller, steno-formed sterile bracts are present below
the terminal cone on the fertile branch. Similar structures
of other species were reported by Wilde (1975). Also be-
low the terminal cone on the fertile branciCoharringtonia

var. harringtoniaare usually 1 or 2 small bracts without
axillary cones while 2-5 sterile bracts may or may not oc-
cur under the terminal cone@ harringtoniavar.drupacea
However, midway on the fertile branch@f oliveri, 1 or 2
bracts with or without small axillary cones are usually
present, together with a terminal cone.

There are two morphological forms of microsporo-
phylls in C. wilsoniana i.e., either hyposporangiate or
perisporangiate. Hyposporangiate sporophylls bear 2-4
microsporangia under the apex abaxially on the stalk
(Fig. 10(e)). This kind of sporophyll always appears below
the terminal perisporangiate sporophylls on the same cone
axis (Fig. 10(c) and (d)). Wilde (1975) described microspo-
rangia ofC. harringtoniavar.harringtoniasimilarly. They
are attached to the distal, under portion of the stalk, the up-
per portion of which is expanded into a small lamina, some-
times pointed or variously toothed, or even reduced to a
ridge or a knob. Perisporangiate sporophyllisCof
wilsonianabear 4 to 6 microsporangia distributed radially
and symmetrically at the distal part of the stalk and retain a
wart-like apex (Fig. 10(e)). These microsporophylls are
present only at the terminal end of a cone axis (Fig. 10(c)
and (d)). Wilde (1975) gave an evolutionary interpretation
to this construction i€. harringtoniavar.harringtoniaand
C. harringtoniavar.drupaceathat 2-(3) hyposporangiate
sporophylls tended to become whorled at the cone apex,
and fused partially or completely with 4-7 perisporangia
and 1-2 central knobs.

The present descriptions on the head organization of
staminate cones are more or less different from those of
previous studies o8. wilsoniana A comparison of all these
works is given in Table 2.

In previous studies, the observations on staminate
heads made by Gong and Chiang (1971) are more detailed
than any of the others. Their observation on the number of
microsporophylls per cone and the number of microspo-
rangia per microsporophyll are very close to those of the
present work. Only the range of the number of cones per
head (4-12) is wider than that of the present study (8-9).
This inconsistency in observation might be caused by the
amount of materials sampled from different individuals at
different sites.

Fig. 9. Development of free microspores (1995/03/10) (Chi-tou). (a) (TV) In order to summarize the fine construction of the

A head. (b) (CS) (4%im) Anatomical features of the tapetum staminate cones @@ephalotaxuss a whole, the present

(arrows) and the epidermis (asterisk) remain almost the same : . . s .
before in Fig. 8(b). (c) (CS) (22/im) Free microspores with a Fesults in comparison wtcjh_thosgI of other studies in diffe
nucleus, thickened wall (arrowheads) and monoporate (short arrowf.ent species .are reviewe _ '_n Table 3.

The cytoplasm is full of light-reflective particles, which possibly According to the revision on the gerfdsphalotaxus

are starch grains (asterisk). by Fu (1984), the three taxa (@) drupace&Sieb.et Zucc.,
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10e

Fig. 10.Completion of heads of Sstaminate cones (1995/03/24) (Chi-tou). (a) (SV) A head. (b) (TV) Aterminal cone (tc), 5 bdba) emdesimong
them, 2 smaller lateral cones (Ic). (c) (SV) Schematic construction of a mature head with staminate cones. Basal conb@ds(fiyafertile
branch (fbr), lateral cone (Ic), lateral cone axis (Ica), sterile bract (sb), scale leaf (sl), sporophyll stalk (ss)remdoeeric). (d) A basal cone
with a bract (br), cone axis (ca) and sporophyll stalk (ss). Only the terminal microsporophyll (arrow) is perisporangiatéjaimdther ones
are hyposporangiate. (e) Perisporangiate microsporophyll (p) with 4, 5 or 6 microsporangia; hyposporangiate microspongirhg|l tor 4
microsporangia.

Table 2. Comparison among Different Descriptions on Head Organization of Staminate C@neglsoniana

organization citation
cones no. per head microsporophylls no. per cone microsporangia no. per microsporophyll
7-8 5-8 3 Li and Keng (1954)
4-12 4-15 3-6 Gong and Chiang (1971)
— 4-12 3 Liu and Liao (1980)
5-11 7-12 3 Liuet al (1988)
8-9 4-15 2-6 (present)
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Table 3. Fine Construction of Staminate ConeCofwilsonianain Com-  division (Fig. 11(e)) while most of the pollen grains are

parison with those of Other SpeciesQeiphalotaxus already 2-celled with a cell wall between them (Fig. 11(f)).
The bigger cell, which is located at the pollen core center,
taxon construction M @ a v O is the tube cell. The other, smaller one is the generative
basal cones no./head 810 45 56 5 cell, which is attached to the inside of the wall.
lateral cones no./head ap 34 (0)1-2 2-3
tgg 'Qsﬁggﬂis./ﬂzgfgead 6-8 9-111 8—110 (6;7—9 81-9 12. Pollens Shedding (1995/04/03)
hyposporangia no./ 2-3 2-3 2-3 2-4
sporophyll Almost all microsporangia are dehiscent and empty
Esgff;@ﬂ‘gia no./ 417 4T 4 46 (Fig. 12(a)). Splits of microsporangia always open towards
. their own sporophyll stalk, where the layer of the epider-
;Zi;zrlifogo'/s')orc’phy” @34 27 27 24 28 s thin (Fig. 12(b)). The outer surface walls of the epi-

, . dermal cells of these dehiscent microsporangia are more or
(I): C. drupacegSingh, 1961) . . . . . .
() C. harringtoniavar. drupacea (C. drupacedyvilde, 1975)  1€SS wrinkled while those of intact microsporangia remain
(llI): C. harringtoniavar. harringtonia (C. pedunculatajwilde, smooth. Singh (1961) described this developmenf.in
19795) drupaceatoo. A few cells of the epidermis of each spo-
(IV): C. oliveri (Wilde, 1975) rangium facing the stalk of the microsporophyll do not have
(V): C. wilsoniana(present) . any thickenings. Dehiscence occurs along these unthickened
agreat reduction in the central part of the fertile branch - .
cells. The partition walls between the sporangia, where they
are united with each other, collapse.
(1) C. harringtoniavar. drupacea(C. drupaceaSieb.et Based on the continuous observations (Dec. 1994—
Zucc.) and (ll)C. harringtoniavar. harringtonia (C.  Nov. 1995) described above, the entire process including
pedunculateSieb.et Zucc.) (Table 3) are all synonyms of different stages of microsporogenesis are given in Table 1.
the specie€. harringtonia(Forbes) Koch. The surveys on In order to compare the phenology of microsporogenesis in
the fine constructions of the staminate cones of both tax@. wilsoniara with that of othe€Cephalotaxuspecies, re-
(I1) and (1ll) are very similar, except that the lateral conessults of two studies are summarized in Table 4.
of the head could not be identified in taxon (II). Wilde (1975) It can be concluded that the microsporogenesis of
noted that the variet§. harringtoniavar.drupaceahad a  various species adapted to specific habitat proceeds at dif-
basal cluster of 8-10 male cones, and that lateral cones alofgrent developmental rates during the seasons most suit-
the distal part of the fertile branch were rare because of thgble for their reproductive growth (Table 4). However, the
reduction in its central fertile branch. It seems that it was @henologies of the microsporogenesi€indrupaceaand
young, male head with the fertile branch not completelyC. wilsonianaare more or less similar. It seems that the
elongated at the time of collection. The data on taxon (l)atitude of the habitat may play a primary role in the phe-
are limited and deviate more or less from those of taxa (llhology if we compare that of both species (30.5 degree N
and (Ill). Basically, there are few differences in the finevs. 23 degree N). Singh (1961) noted that the phenology of
constructions of the staminate cones among three speciesicrosporogenesis i@. drupaceavaried between Dehra
C. harringtoniag C. oliveri, andC. wilsoniana Dun (India) and Paris (Favre-Duchartre, 1957). According
to Favre-Duchartre (1957), meiosis of the microspore
11. Formation of 2-Celled Pollens (1995/03/28) mother cells started in early December, while microspore
formation and pollen maturation were completed by mid-
Each part of a head diverges. The color of a few miFebruary and mid-March, respectively. The mother cells
crosporangia begins to change from greenish to yellowishunderwent reduction division during the resting phase be-
brown (Fig. 11(a) and (b)). Anticlinal and inner periclinal tween December and February in a cooler place (Paris)
walls of epidermal cells are thicker than the outer surfac¢Favre-Duchartre, 1957). It also happened on a temperate
wall, which is smooth or more or less concave (Fig. 11(c}peciesC. oliveri, in mainland China that meiosis took place
and (d)). The epidermis develops similarly at maturity ofduring the season from late December to mid-February(Li
the sporangium iC. drupacegSingh, 1961): the epider- et al, 1986) (Table 4).
mal cells become highly cutinized, their radial and inner
tangential walls become thick, and fibrous thickenings deAcknowledgment
velop as the microspores undergo their first division. The
tapetum ofC. wilsoniara has now disappeared (Fig. 11(d)). This resear_ch was ;upported un_der a grant (NSQ 86-23;3-8-002-
120) from the National Science Council of the Republic of China. The

Therefore, the epidermis alone forms the wall of theauthors are grateful to Dr. N. J. Chung, associate researcher, Experimental

sporangium: Free pO”?” grains are distributed l00sel¥est, National Taiwan University, for collecting materials of staminate
within the microsporangium. A few pollens undergo cellcones at Chi-Tou.
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Fig. 11.Formation of 2-celled pollens (1995/03/28) (Chi-tou). (a) (SV) A head. (b) (TV) A head.(c) (C@)ni@BBicrosporangia adnate (arrow heads)
to sporophyll stalk (ss). (d) (CS) (@0n) Enlargement of Fig. 11(c). Anticlinal and inner periclinal walls (arrowhead) of epidermal cells are
thicker than the outer surface walls, which are either smooth (long arrow) or more or less concave (short arrows). (€§ (@5 2&w
microspores undergoing division (arrows). (f) (CS) (2219 Most of the pollens are 2-celled (arrow).
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Cephalotaxus wilsoniana Microsporogenesis

Fig. 12.Pollen shedding (1995/04/03) (Chi-tou). (a) (SV) A sporophyll stalk (s) with 4 microsporangia (ms), which are dehiscergolligh geains
within. Cone axis (arrowhead). (b) (LS) (226) Splits of microsporangia (asterisks) open towards (long arrows) their sporophyll stalk (s).
Outer surface walls of the epidermis are more or less wrinkled (short arrow) while those of intact microsporangia als(iiirsovchead).

Table 4.Phenolog§ of Microsporogenesis in the Present Study in Comparison with that of@epbalotaxusSpecies

stage of \ species
development C. drupacea C. oliveri C. wilsoniana
1. origination of microsporophyll early Sept. early Oct.
2. differentiation of microsporangium mid. Oct. late Oct.
3. proliferation of sporogenous tissue mid. Nov.
4. development of pollen mother cells early Dec. late Oct. late Dec.
5. resting phase of pollen mother cells Dec.—Feb. Jan.
6. degeneration of the middle layers early Feb.
7. meiosis of pollen mother cell mid. Feb. late Dec. mid. Feb.
8. development of microspore tetrads late Feb. mid. Feb. late Feb.
9. development of free microspores early Mar. late Feb. early Mar.
10. shedding of 2- celled pollen grains late Mar.—early Apr. late Mar.—early Apr. late Mar.—early Apr.
citation Singh (1961) Let al (1986) (present)

2each month is divided into three sections: early, mid. and late; 10 days per section
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