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LIST OF CONIFERS NATIVE TO TASMANIA

Family PODOCARPACEAE

Podooarpus‘alpinue R. Br.
Phyllocladus rhomboidalis Rich,
Microcachrys tetragona Hook,
Daocrydium franklinii Hook,

Pherosphaera hookeriana Arch.

Family TAXODIACEAE

Athrotaxis selaginoides Don.
Athrotaxis laxifolia Hook, -

Athrotaxis cupressoides Don,

Family CUPRESSACEAE

(P, asplenifolius Hook,)

Diselma archeri Hook, ' (Fitzroya archeri Benth. & Hook,)

Callitkis tasmanioca Baker & Smith, (C, rhomboidea R. Br,

var. tasmanica Benth,) .

Callitris oblonga Rich,



FOREWORD

" Within its small area, Tasmania presents a remarkable profusion of
endemic plants, a number of them belonging to genera ﬁhich are confined to
the state. Among the most interesting are the conifers, a list of which

appears on page 3. O0f these the genera Microcachrys, Athrdtaxis, and

Diselma are entirely confined to Tasmania, while the native species of

Phyllocladus, Dacrydium, Pherosphaera, as well as Callitris oblonga, are

all endemic.,

Modern research on conifef morphology has revealed a remarkable
diversity in the order as a whole. The lack of informatiﬁn on some
genera is obscuring our understanding of the intérreiationships of the
mein groups. These genera aré mostiy found in isolated areas and have

not besn extensively cultivated; consequehtly few of them have been °

investigated. This is specially true of the Tasmanian conifers, our

knowledge of most of which is very meagre.

Microcachrys has been thé subject of severad investigations.

Thomson (1908, 1909) described the pollen., Lawson (1923a) gave an account
of the life history, which is not complete, but describes megasporogenesis,
the mafure gametophytes and the ﬁale gametes, and figufee'a pollen tube
pressing down on severam archegonia of the-archegonial complex. From the
dayes Lawson gives, one legrns that pollination occurs early in December
(10th Dec, 1922) which is the time of megasporogenesis, and that the mgxh
gametes are formed early in February (16th Feb. 1923), The plant is a
widespread component of the fell-field community among the cushion plants
and herbs on the exposed mountain tops and plateaué;

Our knowledge of the mdrphology of Dacrydium is very»limited. The
New Zealand species D. cugr&ééinum has been the most frequently studied,
but even here,.the complete life cycle has not been worked out, and a |
Dacrydium with the cone type of D. franklinii has never been examined.

Phyllocladus, on the other hand, is tolerably well understood,

althoﬂgh a few points are still obscure, e.g. the pollination of the erect
ovule (cf. Doyle, 1945). The chief papers on the genus are those by

Young (1910), Holloway (1937), end Buchholz (1941), all of whom used



5

New Zealand material. The Tasmanian spécies has not been investigated,

bﬁt'ﬁne'wopld not expect it'fo differ essentially from thé other - species.
Nothing whatevé; is knorm of the life history of Diselma.

Only one paper has‘been publishedth the spefies (Doyle, 1934). This

drew attention to the ﬁresenée in the cone of a columeila, mention of which

had been omitted in various systeMaticuworka. The'genus ig gonorally

considered closely related td‘FitzgoIa, in which it was at one time included

(cf. Rodﬁay, 1993). The life history of Fitzroye has been investigated

by Doyle ond Saéton (1923).  Their account shous Fitzréza has many qhafnct-

ars whith ﬁéﬁld give it » place ammg the more pfimitive nembers of the

Callﬁtrig group. Digelma is included by Pilger (1926) in the sub-family

Thujoideae of the Cupressaceac, along with Actinostrobus, Callitris,

Tetraclinis, Widringtonia, Fitzroye, Thujopsig, Thuja, Libocedrus, and

Fokienia. Buchholz (1933b) includes it provisionally in his Cupreseoideac,

vhich comprises" Cupressus, Chamaecyparis, Libocedrus, Biota, and possibly

some of the foldowing: Thujopsie, Fokienia, Fitzroya, end Diselma."
Dhbselma i? one of the severélrshruﬁby conifers of the Tasmanian mountaihs,
-and is widely spread in thé centre and west of the statc, |
The Callitris spp..stand épgrt from,fhé other Tasmanian conifers
in their occurrence in the east and nbrth-édst of the state, while the others
. are confined to the ﬁountainous areas of the'centre and weat of the-island.

They belong to the Australian element ofthe flora, whereas the other genera

are best considered as part of the Sub-Antapctic flora, . C. tasmanicae
occurs along the east coast. There can be few plants which have a more

restricfed:distribution than C. oblonga. It is confined to the South Esk
valley, The life history.of-Callitris is fair1y ﬁell understood. It has
Been investigated by Saxton (1910) who worked on C. verrucosa. Further
details were added for C. rhomboides by Looby and Doyle (1940). Baird
has investigated two Western Australian species, C. robusta, and C. roei
(unpublished).

| Apart from a description of the stem apex(Cross, 1943), the only
morphologicel work on Athrotaxis is the very incomplete account by Saxton
ahd Doyle (1929), which refers to several impoftant phaees:of the life

'hietory; but their work is not complete enough, nor in suffiicient detail



and more informetion is required on all aspects of the morphology
of the genus.
Lawson (1923b)‘inveétigated the life history of

Pherosphaera but here again the account is not full enough, and in

some respects is,mis]éading} Many features of Pherosphaefa are
_unusua}, ana Lawson's work is an inadequate basis for reaching
any'definite concluéione_on the taxonomic "and phylogénetic poéition
of the genus. A-subsequent paper by'ngton (1930) dealt with
the root nodules, and with aﬁatomy, and referréd to the problem of
its ecology.

Of the works on the Australian conifers as a whole,

which ngturally include the Tasmanian species,'Baker end Smith's

monumental volume (1910) deals only with the commércially important

‘species, so that Digelme recieves scant attention, and Pherosphasera

hookeriana, Podocarpus alpinus, Athrotaxis cupressoides and A; lax~

ifolia, and Microcachnyé are dismissed in a few lines. Dacrydium

" franklinii, Phyllocladus rhomboida;is; and Athrotaxis selaginoides

and the two Callitrig spp. are investigated in the field covered by

the work. Patton (1927) described the anatomy of all the Tasmenian
species.,
This thesis pfesenta the results of 2% yegrs work, during

which time a morphological investigation of three Tasmanian conifers

has ®een undertaken, Work on Pherosphaera hookeriana, Podocarpus

alpinag end Athrotaxis cupressoides is described. ~ The first part

of the thesks deals with Pherosphaera. The gametophytes and develop~

ment of the embryo are described, and with these newly elucidated
facts it has been possible to arrive at more definite conclusions
regarding the relationship of Pherosphaera to bther conifers than has

been possible up to now, The second part deals with Podocarpus abpinus,

which has an importént cone type. An attempt is made to correlate
conermorphology and embryology in the genus Podocarpugs. The third

part of the thesis describes work on Athrotaxis. Many phases of



‘the life cycle of A. cuprgeéoidea have beenlinvestigéted‘but iarge-gaps
remain at critical points. In each case an attempt has been made
to describe the habit ana ecoiogy of the plants. . A more detailed
discussion than heas been‘giveﬁ:ébove_of prgvoiﬁs work relevant to the
subject preceeds sach seﬁtion.  |

It was mubh deéifed% to investigate the embryogeny of
Microcachrys, but fertile material was not found either in 1946 or
1947, " On the Acropolis;(Lake St.Clair National Park) on 26th
February 1947 male cones wereAfound sheddinh pollen. Uones with the
characteristic red scales can be found from February on, but the
reddening is quite independent of fertility. ‘Attémpts were'-also
made to collect material of Diselmé for a morphologicai ihvesfigation,
but the cones are extreemly small and difficult to distinguish from

vegetative tips, and no results were obtained.

Most of the work was done during tenure of a Commonwealth
Résa&rch Grant in the Univefsity of Tasmania. Collecting ofﬁm&terial
was done almost entirely by-myself, and has involved much travelling
and hiking beyong the areas served by commeréiai transport. i wish
to gcknowledge my indebtedness to Professor H.D. Gordon, who suggested
to me the problem of the Tasmenian conifers. Hy thanks are due also
to Miss W.M. Curtis and Mr. E. Mgtthaei for their advice on drawing
and photography reépectively, and to Professor Gordon and Mr. C.E.

Fowefaker for specemins of New Zealand conifers.



TECHNIQUE

' The material for these studies was in most instances fixed in the

field in formalin-acetic-alcohol, the formula used being

Gommercial formalin 5 ces.
Glacial acetic acid 5 ccs
70% ethyl alcohol » 96 ces.

(Johansen, 1940, p.41). f'Methylated spirit used in place of ethyl
alcohol wés found to be in no way infsrior. ‘ If aﬁyﬁhing, the sub-
sequent staining was more brilliang. This fixative was used on
accounf of its convenience. 8Slight shrinkagewas cguéed, but bsecause
of the small'size of the structureé under,investigation,Aand fhe
nature of the stages studied most inﬁensive}y, this was not & serious

objection,

In the:examinaﬁion.of the material two techniques were
used - microtome éections~by the ﬁaraffiﬁ method, and dissection of
embryo systems. |

Seétidning: When sections of the prothalli alone were
 required, the integtments.weré dissécted off; and the nucellus and
gametophyté only embedded. This made penetration by the wax very
easy, Butyl alcohol was foundth‘be a very convenient and entirely
satisfactory infi]trating agent. ‘iThe ovules were dissected in 76%
alcohol;'and the material passéd through Johansen's series of solutions
(Johansen, 1940, p.130), %‘-.Z-hours-in each with 1 - 3 hours in butyl
alcohol. | The objects were embedded in waxes of melting points 48-54°¢C,
Microtome sections of Pheroééhaera were cut 8 microns thick, while those

of Athrotaxis and Podocarpus were uéuilly 12 microns thick.

‘Steining: Haidenhain's iron alum-haematoxylin was used and
excellent results werelogtained with it for all meterial., Bismark
Brown -was pséd és counter stain, The: sections Were plqced in 4% aqueous
iron alum to mordant for 4 - 8 hours, and stainéd in 1% haematoxylin
overnight. "They wéreAthen diffefentiated in Zﬂﬁi}on alum, Bismark
brown was used as 2% solution in 70% alcohol. 1 minute in the stain was

adequate, but oversthining was impossible.



Diggection and Stainiég,of Embryosy  The technique of
dissection of conifer embryos and their stainirg in phloxine, developed
by Bgchholz, has been deécribed in one of hié papers (Buchholz, 1938).
In the present study fixed prothalli were dissected in 70% alcohol.
Fresh material of Podoca:pugwasbdissected in 15% sucrose as recommended
by Buchholz, and fixed in formlin-acetic-alcohol.  Howsver, the

resinous nature of ;hevepimatium and‘integument'madé the solution ?ery
cloudy, and it was préferred to use prevoiusly fixed material. The
,embrgos were transferred by pipette to the phloxine solution ( a trace
of phloxine in 10% soluﬁion of-glyceriﬁe in 50% alcohol), and left in
the stain 24 =~ 72 hpurs. A dissicator was not used, the staining
being déne simply in avvovered crystallizing-dish.- Direct mounting
from ebsolute alcohol to'éupargi was too severe, as was even preliminafy
transfer to Buchholz's "éandarac solvent" directly. Thefollowing
proceedure was ﬁherefore foﬁnﬁ necessary:=- The embryos were removed
from the stain and washéd-in 76% alcohol (10 minutesy, tfansferred to
907 alcohol (5 ﬁinutes’ bylpipette, and then to absolute alcohol (10
minutes). Allhtﬁese operations were performed under a binocular ‘
digsecting microscope. = The sendarac éolvent (1 part paraldehyde 3

2 parts eucalyptus oil} was then added drop by drop to the embryos.in
absolute alcohol. At first the drbps were added at the rate of about
1 per 15 éeéonds,jbut later more‘quickly, until the concentration of
golvent was about 70%. Thejembryos were then transferred to pure
" sandarac solvent (10 minuteé) and finally mount .d in euparal.

The staining in phloxine was not all that might be desired. It

did not differentiate between structures sufficiently, all-protoplaém
staining ratbé?vévenlyy Nuclear mémbranes were not alwa}s readlly éis—
tihguished; and alfhough the nuéleclus-stained more intensely, it was
difficult in many cases to bs sure how many nuciei thefe weee in a cell,
However, nohother stain waé used éxtensively, and confirmation of the

conclusions reached from edamining dissected embryos was so@ght in sections.
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| Illustrations in thié Thésis:‘ The photomtcrographs
‘were taken Qith a Bausch and Lomb microscope and a Leitz plate
camera, using Kodek Orthochromatic plétes; | The drawings of
wholé cones and similar structures were done on graph paper while
viewing the cone lying on graph paper through a binoculer microséope.

The drawings of embryo systems are from camera lucida outlines.



PHEROSPHAERA HOOKERIANA  Aroher (1)

INTRODUCTION

The genus Pherosphasra, established by Archer in 1850,

consists of two species of conifers whose‘true relation to othqr forms
is not yet known with aﬁy cert;inty,.and has been the subject of

- oonsiderable épooulation. Stiles (1912).oonsidered that because of
the morphologiocally erect ovules and simple strobilus and absence of

an epimatium, the genus was closely related to-Phyliéoladus, which

also has a simplé'strobilus, but in which the epimatiuﬁ is symmetrical
like an aril, It was not until the work of Lawson (1923b) however
that we had any kngwledge of the life history, He investigated both
speéiea but did not distinguish betw;en them in his account, Lawson
found that the three~winged pollen grains have two nuclei only - the
tube and generative nuclei, Three megaspores are formed aﬁd free
nuclear divisions éocur in all of_them, the middle one even enlarging
considerably; the innermost sﬁrvivas.' A tapetum is present, The
-megaspore membrane is very thin, Archegonia number three or four;
their neoks‘open laterally'on the prothallus some distance from the i
apex, There are four neck cells, There is a éhallow depression over
each archegonium, A jacket layef‘ia present, The fate of the ventral
canal nucleus was not determined; The male celle were not observed,
'but Lawson assumed they were unequal, Lawson did not observe
fertilization, nor did he desorihe the development of the embryo in

detail, He oonocluded that "in the gametophyte structures and embryo

of Pherosphaera there are no features which justify our oclassifying

this genus among the Podooarpineae," to which group it had always
been oconsidered to belpng. Saxton (1930) however claimed the root
nodules to be of the podooarpean type, Doyle and Loqby_(1939)

considered that if Pherosphasra is a podocarp at all, it "would

appear to be a very aberrant one," They pointed out the inoompleteness -

of our knowledge, but suggested that Pherosphaera might provisionally

be regarded as "an advanced derivative of the Phyllocladus lire,"

(1) The introduction sections on embryogeny and discussion of
this part of the the thesis are taken largely from a paper
&Elliott 1948) published by the Linnean Society of New South

ales, The remaining sections describe work completsd since
that pvaner was writtan .
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Doyle (1946) subsequently favoured the view that it may be related to

Miorocachrys,

In its come mofphology Phefbsphaera resembles no family

of conifers other than the Podocarpaceae, and the problem would then

seem to be whether Pherosphaera has ahy true affinity with the
podooarps, or whether it is so far removed from them to warrant
segregation altogether into a family of its own, The present

investigation leads to the oconolusion that Pherésphaera has indeed

true podocarp affinities, especially with Daorydium, These two genera
are closély related on the basiﬁ of cone morphology, end the general
. features of the embryogeny are similar, Moreover in the details of

development of the gamotophyteg-Pherosphaera resembles podoocarps in

which these features have been thoroughly invastigated. In the nature

of the embryo initials Pherosphaera di ffers strikingly from the other

podocarps, but the difference can be correlated with the general
oondition so as to demonstrate the podocarpean nature of the plant

even more conclusively, as will be shown later,

ECOLOGY

Pherosphaera hookeriana is a much branched shrub up to

6 feet in ﬁeight. .Its habit is in the mountains of the centre and
west of Tasmania over 3000 feet, where the rainfall is h;gh. The .
ecologiocal faotbrs ocontrolling its:distribution are unknown, and
their investigation would be a most interesting problems The plants
are found only mear running wafef,»either beside small tarns, along
streams or in depfessiona where water flows after rain, This need
for running water restriots its distribution, Howsver there are
localities where this bondition seems to be fulfilled where

Pherosphaera does not ooscur, Near Lake St. Clair I have found the

species only on the Labyrinth, a plateau with numorous'small tarns

] ) (See lYlaP 2)
about 3800 feet high north of Mt, Gould, and on a trip through the
headwaters of the Nive and Mersey rivers; where there is a multitude

of lakes, not a single Pherosphaera was recognised, On the other

hand Diselma, which it closely resembles in habit, was abundant,

It is not known in what respect the juvenile foliage
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is different from the adult, Sesd has been planted, but it failed to .

germinate, The mature leaves are very small, keeled and imbricating,

and appressed to the stem, Their anatomy has been deseribed by

Saxton (1930), The plants are.dioeoious.i'The cones are terminal on
the short branches which bear them, The male cones dre ersot, but

- the female cones are reflexed, a faoct of considerable phyletio
interest, The female oo£e (Fig, 48)_oonsists of a number of closely
aggregated braots (253) rather.distinct fnom the leﬁvas,,to the
number of 6 ~ 9, most commonly 7, the lower ﬁembers of whioh subtend
ovules in their axils, There are always two sterile bracts at the top

of the cone, and sometimes a third (Table 1),

Material for these investigations was collected in the
¥t, Fleld National g:rifizhere-it is abundant, In Tables 2 ~ 4 data
for the fertility of soms of the material is given, For the purpose
of these tables a fertile ovule is aimply on® that contains a large

well developed prothallus.

TABLE 1
No. of bracts No, of cones with g.oﬁules . Total no, of oones
to cone :
nad 4 5 6
5 - [ - 1
6 8 6 - | - | 14
7 2 18 12 - 32
8 - 7 3 2 12
9 ~ 1l - - 1l
Totals 1 32 15 2 60
TABLE 2
. ‘ % unpollinated
No. of cones|Total No,|. % 4 - ovules aborting
examined - |of ovules| fertileée- abortive early late
1@) 62 213 25,0 76,0 86,26 | 13,75
. : - : J
2 20 - 80 36,7 €3,3 73,7 2643
3 20 . 84 .45.2. 64.8 26,1 73.9

(2) For explanation of material deseribed in Tables 2 = 4,
’ - 866 text,

All the material was at a comparable stage df development, The first
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lot of material was oollected on 22 Maroh_1947 at 4000 feet on

M¢, Mawson, The site is just Abova ‘the treo line on a shelf below
%he top of the range, affording a slight, but'nét very great amount

of protéption from the prevailing wﬁsterly woather, The second lot
was collected on 13 beruary-1948. The winter of 1946 was unusually
severe, while that of 1947 was of ;verage intensity, As Table 2

- shows, the fertility of the material in 1947 was less thaﬁ in 1948,

| The third lot of material was oolleéted on 15 February 1948 at Eagle
Tarn, a small lake 3390 feot nestling at the foot of M, Mawson in a
sheltered position, The fertility was m ig;‘g?:ﬂ'ﬁamon does not
give the date when pollination occurs and I have not observed it
myself, It presumably takes place about fhe tims of magasporogenesis.
Unpollinated ovules abort and do not develop large prothalli, The
nuoellus and embryo sac and surrounding integument in such ovules may
enlarge for a time howsver before ceasing to grow, The stage at
which theyvabort is also indicated in Table-z. Som® abortive ovules
weres very small, Others were larger; but both oontained e mere shell
of a nucellus, or very degenerate prothallus, The two sizes intergrade

but a rough distinction ocould be drawn at about half the normal size of

the fertile ovule, It will bYe seep that in the exposed situation a

- much higher propértion.of ovules abofts at an early séhge than at the
sheltered Eagle Tarn, and we can conolude that'the weather conditions
directly affect the amount of growth which takes place im the Absence

of the stimulus of & pollen tube,

TABLE 3
No, of No, of cones with n total ovules
cones =
n=0 1 2 3 4 b 6
1 62 - - 6 28 23 5 -
2 : 20 - - - 1 -] 10 7 2
3 . 20 - - - 1 - 14 5 -
TABLE 4
No, of No, of cones with m fertile ovules
conss
m=0| 1 2 3 4 6 8.
62 22 28 10 2 - - -
20 3 | s 8 4 - - -
3 20 5 | 3 a 6 - - -
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Tables 3 and 4 compare the total numbers of ovules and
the numbers of fertile ovules per cone, It can be seen that the

distribution of fertile ovules among the cones is not comparable with

the distribution of the total mumber of* ovules, and therefors ovules

are not poliinatod at random, Some oonés are in a more favourable

situation than others in respeot'to the pasaing pollen grains, This-

would be expected where pollen is blown in a cloud,

Lawson's (1923b) Figs. 7 -'9 show pollen grains in
the funnel-ahaped’micrépyle. The exact mechanism of pollination has
not been studied, but there is the definite orientation of the ocone
with respect to gravity which is charaqtaristig of opnifers with a
pollination drOp; Mioropylar cloéing coells are‘wall,devaioped, but
conspicuous lips toﬁthe integuﬁent remain in the mature owule (Fig, 1)

Germination takes place on>the nucellus (Lawsox's Figs, 6, 10, 11, 19)

THE GAMETOPHYTES

A, .The Male Gametophyte ‘ .

Lawson (1923b) desoribed the pollen grains as having
two nuclei, the tube nucleus éng.the generative 6911. The latter
divides early to give the bédy oeli and stalk nucleus, Thé'stage at
which this takes place is not indicated, but’aeoording to his account,
well organised body cells are found in pollen tubes which have

penotrated half way through the nucellus,

Numerdus preparations showgd the three male nuclei,
In'‘Fig, 2 they ocan all be éeen in the one section, The body cell has
as usual a densely staining sheath, and the nucleué is large and clear
with a big nucleolus, As Lawson said, the nucleus is slightly
exoentric, In Fig, 2 the stalk nucleus'is very closs to the body
cell, and in Fig, 3a it is in olose contact with, and decidedly
flattenadAagaiﬁst, the body cell. Fig. 3b shows the tube nucleus of
this male complex, The close ﬁsaooiation betﬁoén the bo&y and stalk
is also seen in PMig, 4. The division of the body cell nucleus, and
the male gﬁmetas,'havo not been observed, The structure in Fig. §

may be the prophase of the division of the body cell nucleus, but it
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stains more like fragments of a nucleolus, In Saxegothea (Looby and
~ Doyle, 1939, Text- Fig, 4) the nuoleolus does not disappear until

the male gametes are well organised,

There has been a great deal of confusion over the
identification of male cells in'podocarps, and Ldoby and Dojle'a .
(1939) discussion (pp, 110-1) shows that a emall nuoleus adherent to
the body cell has often been interpreted as ome of the unequal male

cells, Fig, 3aof this thesis is similar to Sinnott's (1913) figures

of Podooarﬁua dacrydigides (P1,9, Fige 650) and g, fbrrusineus

(P1, 6, Fige 2) and to Looby and Doyle'srfbr Saxegothea (their P1,3,
Fig. 22), In the latter case this nucleus is stérile, and;is very
different from the mﬁle cells, Even when the male cells are ﬁnequal
(as in P, andinus) there ié a definite oytoplasmic sheath round the
‘emaller nucleus.(Léoby and Doyle, 1944a, P1, 9, Figs. 58, 59), it
being doubtful if thisbis evor extruded from the body cell (p, 231),
The adherence of a sterile nuoieué to the body cell does not appear
to be a'regular occurrence in P, andinus, though their P1, 9, Fig, 56

evidently shows such a condition, In Phyllocladus, Young's (1910)

Figs, 32 and 34 show nuclei adherent to the gametes; In Pherosphaofa

the small and.definite number of male nuclei makes the situation
easier to interpret, No more than three nuclei hayve ever bsen seen
in these proparations, and if a stalk nucleus is formed (there being
no evidence to the contrary) the nucleus thus assooiated with the body
coll must be the stalk nucleus, The adheremnce of the stalk to the

body oell in this fashion seems to be & podooarpean feature, and is

ocertainly an interesting point of resemblance between Pherosphaera

and other podocarpe,

B, The Female Gametophyte
One of the most signifiocant features of the female

gametophyte of Pherosphaera hookeriana is that the mature archegonia

are deeply buried by growth of the prothallus, This was not specially
noted by Lawson, although his Figs, 26 and 27 show buried necks,

Lawson said that "each archegonium has its own small and shallow
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depression over the neck” (pp. 511-2), This feature is an important

resemblence botween Pherosphaera and the other podocarps, in all of

which this ocours.

The most sﬁporfioial arohego#ium fouﬁd is illustrated
in Fig, 6 in which the neck is:clqarly visible,. 'The'ﬁegaspore |
membrane can be seen passing over thq top, and the oells of the
prothallus are just beginning to encroach over the neck ocells, This
"is very similar fo»Looby and Doylets (1939) Pl..z, Fig. 10 of
Saxegothea, A slightly_lafer stage 15 indiocated in Fig. 7 where the
two cells conocerned have nearly #ouéhed. iIn Fig. 8 the meck is just
'buried. All this ocours a¥ an early-stage. The archegoniﬁm, as
F&g. 8 shows, has a very large vacuole and only a slight amount of
per1phera1 cytoplasm. The megaspore membrane is curiously buokled
(Figs. 6, 8), As growth continues the neck becomes more deeply buried
- and the amount of cytoplasmlinoreﬁses, resulting in numerous small
vacuoles (Figse 9, 2). The nucleus has a characteristic structure in
the young archégdnium. It has a dompa;ativaly large and

| conspiocuously staining nucleolus, and little else oan be seen in it,

. :
In Podocarpus andinus the nuol%?s has a highly vesicular structure,

but as far as can be seen in Pherosphasra there is simply a central

area which doss not stain so heavily, ASti7é°hs are not evident,

The ventral cﬁhal'difision was not observed, but the
ventral canmal nucleus was seen in several preparatiomns of which Fig. 11
is one, Looby-an& Doyle (1944a) say the diviéioh takes place when the
nuoleolus has reached its full size (p.227) but in Saxogothea the
'nucleolus of male gametes degen@ratea after the male cells are
organised, Before the ventral canal division the nuqleus of the
archegonium is close to the neck (Figs.;8 9). Afte?wards however,
the egg nuolous is found in the centre of the upper part of the
arohegonium (Figs, 10, 11, 12 14), In Fig. 11 the egg nucleus has
its charﬁcteristic mature appearance, such as is SQen elso in
Figs. 12, 14, No nucleoclus is visible, and the nuclear material as

here fixed and stained is evenly mottled, In Figs, 10, 13 some
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granular material is to be seen, which perhaps represents the
_nuoleoius or_fragments'therebf, ﬁhough this is uncertain, There is
no definite sheath round the;eggAhugleus. In this respect

Phsrosphaéra differs from Pod. andinus, P, spicatus and P, daorydioides,

and resembles Saxesothea and'presuﬁably also_Dacrzdium (Sinn?tt,.Pl. 6,
Fig., 3). In Figs.'li,:14'the cytoplasm radiating from the egg ﬁuéleus
has a highly fibrillar éppgaranée;- In old unfértilized archegonia, the
egg nucleus beoomés highly lobed, as in the two érchegonia in Fig. 13,
As in other podo§arps the jacket oelié do not extend quite to the nseck,

shown espeoially in Fig. 10,

There oan be little doubt that as in Podocarpus andinus

the arohegonia are buried‘before fe;tilization. No preparations have
been secured shoWing defiﬁitelyrthe rolﬁtion getwaen the growing pollen
tube and the archegonium, In the ovule of F&gs..l and 2 the polien |
tube definitely seems to be burroﬁing fimough the prothallus, eand in
‘F{g. 14 the end of a pbllqn tube expanded over the neck ocan bebseeh.
In Fig, 15, the pollen tuﬁe pursued é course between the'prothallus
and nucellus before passing inwards to the archegonium, but the
relation to the megaspore membrane is not olear, According to Lawson,
the pollen tube grows betwsen the nucellus and megaspore membrane

(pe 594) to thé position ;f the arohegonium, which he apparentiy
eohsidered still superficial, As Fﬁg. 14-show§, the éressure of the
pollen tube on the archegonium resuits in the "sﬁspension" of the
neck cells, as has been desoribed fof‘other podocarps, Comparison of

- Figs, 12 and 14 shows how the neck is pushed dowmwards,

The entiry of the male cells into the archegonium has
not been sesen, but they find théir way between the neck cells, many

. - : 22
preparations shpwing the ruptured neck (Figs. 15, 17, 19, &%),

EARLY EMBRYOGENY

Stages of fertiligatioh-ware not observed, Howsver the
first division of the zygote wes found, and is illustrated in Fig, 16,
although the photograph does not do justice to this splendid

preparation, The division is intranuolear, and the arrow points to
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the nuclétr membrane, ‘It is probable that 8 certain amount of male
cytoplasm enters the archegonium, The dark mass in the centre of
the archogonium in Fig, 17 is so interpreted. Only a limited number
of free nuclear.stages was obtained in the material sootioned.. In
Fig. 18 two nuclei of the 4-nucleate stage are shown, Fig, 19 is
apparently & 1l6-nucleate stage in which the division to give this number
has just occurred, as evidenced by the olose association of the nuclei
in pairs. Some of these pairs seem to ﬁe enslosed by.a common membrane
which does not appear in the photograph, Fig, 19 shows clearly what
proporticn of the archegonium is taken up by the proembryo, and the ruptured

~neck can be seen above,

Reliet nuclei ﬁre_a frequent feature of ths proembryo of

Pherosphasra, Fig. 20, a l6-nucleate stage, shows a large reliet rucleus

enclosed in a shesth of cytopiasm. The nuclei in the demse embryonmic

area, which seems to be more éondensod than in Fig, 19, are arranged in
three tiers which have appfoximﬁtely 1; 4, and 10 nuclei each respectively,
In Fig. 21, the "cell" above the dense portion contains 2 nuclei,  In Fig, 22
the "cell" seems to be dividing into 8 or.4,'ahd a nucleus can be seen in
one of ths segments, Fig. 23 shows apparently pernsigtent nuclei from the
open 6611 tier, and numerous‘éthar bodies reminding one of Looby end Doylé's
remark that in Saxégothea there are "deeply staining éytoplasmic areas,
'protein vaocuoles,' which are sometimes hard to distinguish from true
nuclei; while other cytoplasmic aggregations of striteﬁand granules may
present a strikingly nucleus-like ap?earance." (p. 112), This feabure
nakes it imposﬁible to deciede how many mele nuclei enter the archegonium,

or how long they persist,

Wall formation is in progreSS‘in Fig. 24, The cells below
already have walls, They are uninucleate. Above, cleavage planes are
extending upwards though they have not yet reached the top,'and are delimit-

- ing the cells which divide’ (Figs., 25, 26) to'give the open cell tier and

the prosuspensor cells, The fully orBanised proembryo of Pherogphaeri
hookeriana consists of a tier of 6 to 10'proéuspénsor cells and a number
of embryo initials arranged more or less in two tiers. The lowest tier

contains one or two of the units (embryo initials) and the others are in
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tﬁe tier above, next below the prosuspensors, In Fig, 25 howa§er,
thére,seems to be only one tier ofv3 embryo units, and 11 or 12 pro-
suspenso; cells, The fact that there is only one ti@r 6f embryo imits
‘would be correlated with their small number,  In Fig, 29, where there
are 5 units, the lowest tier has only one unit, while in Fig, 28 with
the unusually large number of 9 units there are 2 in the lowest tier,
Most proembryos have from}4vto 6 embryo units, -This organisation
would arise in a,proembryﬁ with 16 free nuclei, One embryo system was
found with 13 - 15 units (it was impossibléAto count the exact number ),
This presumably arose from a prosembryo in which a further division to

give 32 free nuclei had taken place.

The nuclei of the cslls below the prosuspensor tier, it

is believed, immediately divide again to give a binucleats cell.

Binucleate cells in proémbeyos of the age have not been seen,-but their -
existence is‘discussed in the next paragraph, The division (?promotaphase)

is seen in Fig, 26,

Some of the embryo units are single binucleate cells, as
are three of them in F;g. 28, and ons of them in Fig, 32, Generally
howsver, each unit cémprises two uninucleate cells. In Fig. 28 the
large terminal embryo shows a wall running obliquely, but no sign of a
‘ ﬁail can be seen in the plame of focus of the two nucléi, which do not
appear to be separated even by a cleavage plane, nor is there any sign of
persistent spindle fibres, This suggests that a ﬁnll is being laid down
on a furrow which has not yet reached the égntre of the cell, Looby and

DoyleA(1944b) find that in Podocarpus andirus the first walls formédd in

the proembryo are laid down on cleavage planes, and so are thess terminating

the binucleate state in the embryo initials. In Pherosphaera it will be

shown that walls form by this method in slightly later stages, as a;; the
first walls (Fig. 24), so that it seems certain that the walls between |
thé two cells of & 2-cslled unit are laid down in furrows in binucleate
cells. There is no définite orientation for the wall betwsen the two

ocells of a unit, In Fig, 29 it is trans%erse to the axis of the suspensors
in two units (only one of which is seen), parallel to that axis in two of

them, and obligue in the terminal unit, Generally the shape and position
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of the two cells of a uﬁit make it obvious they ars sister cells, The
formation of the 2-celled units takes place early. In the smallest
émbryo system dissécted out (Fig, 35; its embryo units are illustrated
on a larger scale in Fig, 27) all the units are two-celled; the second cell
of the terminsl cell is behind the one drawn. The embryo system from
which Fig. 28 was taken has dqite long sﬁspansora; the development of cell

walls in some units was e#idently delayed, .

During t£e—early devéibpment of the embryo wall formation
also takes place on cleavage planes after the nuclei have returned to
the resting condition, . Fig. 30~§hows a condition frequently found, Two
embryos are visible, one with‘z cells, the other with 3, In the right
hend embryo, the two cells of the embryo unit can be récognised. One is
uninucleate,'the othor binucleate, the latter condition having arisen by
division of the nucleﬁs without wall formation. There is no suggestion cf
spindle fibres between the two nuclei, The more advanced left hand embryo
has one binuclsate cell, and two'uninucléate, this having come about by
development of a wall on a cleavage ﬁlane between the two nuclei of a

binucleate cell, In Fig.-gé both binucleate and uninucleate cells are
seen, In the terminal embryo the cells e and b are evidently sister
cells. The ecell é_is bénucleste; the nuclei are in a resting state, and‘
a wa'l was presumably abouf to dévelop between them, The mothsr csll of
E“and b would similarly have'been:a sister of cell ¢ which is still uni-
nucleate, The cells &, b and ¢ are derived from the one cell of a 2-celled
unit, | |
In Fig, 33 the nucleus of the uppermost cell (indicated by

a;igiﬂ is in the telophése stage of division, but there is no trace of a
wall being fommed across the equator of the spiﬁdle’, which is itself
scarcely evident, | Figs 34a and b (two.photographs of the same seotion
in different planes of focus) show 2 embryos, The left hand one is a
2-celled unit, Each of the two cells (? of a 2-celled unit) in the right
“hand embryo is bimucleate, In the right hand cell howaver, a furrow

is being formed on the outsids of the protoplast, but has not yst reached
the centre. In Fig. 34a the furrow appears as a definite cleavage plane‘

right across the centre of the cell. In b, in & lower plane of focus
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(that of one of the nuclei), the furrow is not nearly so evident, and
dogs not extend between the nuclei. At least three other exgmples
of this process were seen, but this is perhaps the bests The fixative
used would tend to enlarge, but not to create, éucﬁ furrows. I
_régard them as significant and tangible evidence of‘cleavage plane
formation,

The presence of binucieéte cellsAin young developing
embryos as distinct from binﬁcleate embfyo initials hés not been
racorded hitherto as far as I am gware. Binucleate cells are shown

in Fig. 38 which has embryonal tubes beginning to slongate. Probably

they do not occur in embryos older than this, although definite evidence

on this point is lacking. In Podocarpus andinus, Looby énd Doyle's

(1944b) P1. 14, Fig. 70, shows cells which appear to be binucleate.

No definite evidence is available concerning the possibility
of the binucleate cell phase, which occasionally persigts for some time,

giving rise to 4-celled units, instead of 2-celled units as normally.

LATER _ EMBRYOGENY

As is usﬁal,'ﬁhe.prosuspensors elongate considerably before
any further development takes place in.the embryo initials ( Fig. 36 ).
During their elongétion, prosuspensor cells are often left behind. Sﬁch
a cell is indicated by fps in Fig, 36. 1In Fige. 39 is another in which
thw nucleus has divided several times, and walls are probably about to he
laid down. At pe. in Fig. 39 this formation of cellular tissue haé
taken place. Similar conditions are illustrated in Fig. 38 and Fig. 42.
Fig. 37 depicte a more extensive development of cellular tissue =
this figure represents the end of a single prosuspensor cell from a

system with embryos similar to but larger than Fig. 42.

In ypéing embryos cells ére frequently seen in the position
. B
of apical cells; e.g. Fig. 30 (§), Figs. 38 and 39. Some resemble the
condition illustrated by Buchholz (1933a) for Dacrydium, whePe it is

claiméd that growth by the divisions of en apical cell eoccurs., However,
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I could find no evidence to enable me to state definitely whether

or not apical growth tekes place in Phercsphocra.

‘Figs. 3F and 42 show eérly stages in +he dovelopmenf of
<ombry6nal tubes (gﬁ)'which‘afe p:odvped by every embryo, their growth
pushing lhe embryos apart. " Since there is an embryc in the terminal
position whichAwill becon”e the definitive‘embryo, £ho embryogeny is
of the type which Buchholz (1933a) calls Determinate Cieavago Poly-
embrYony. Where {here are t&o émbryo units in ﬁhe lowegt tier, the
‘condition is perhaps somewhat inde£ermina§e (fig. 42). . Embryo
syctems similar to Fig. 42 were dissected in.which there were two
quite large embryos on,secéndary suspeﬁsprs of equal'iength. There
is no primary suepeﬁsor: ‘Tﬁe prosusﬁensor plays no part in the
separation of the embryos. Aithough the ffee proéuspensor cells

form "ombryos' theiremainihg cells do not separate fo carry the
embryo units aﬁart. The embryos are seﬁarated solely by the growth

of thc secondary suspensor.

Uhat is properly celled a rosette tier is absent in

Pheropphaera, as in most conifers wherev a prosuspensor i1s present.
Neverﬁheless,'éells are delimited above the prosuspensors, and these
may divide to form groups of cells. Similar "rosette" cells are
known in many other cases, but their origin is uncertain, AIt has
been suggested (Euchholz, ;940) that they may arise (1) by division
of a prosuspensor cell at the upper end, or (2) from the relict

nuclei or from the open cell tier. In Pherosphaera all the "rosette"

embryos (r.) are above the thin basal plug (b.p.) of the archegonium
vhich develops between the prosuspensors aanelict nuclei (Coker,
1902), as in Fig. 40 e;42,xand hence in this case the first alternative
is ruled out, Although these figures are drawn from embryo. sysyems
dissected and mounted so that the parts may be sgparated somewhat,

in most cases the prosuspehsors, basal plug aﬁd rosette cells doubtless
remain in their true relative positions;' There was no suggestion

that cells are ever cut ofﬁkrom the upper end of the prosuspensore;

Reference has been made above (p. 19) to the frequent presence of

relict nuclei in Bherosphaera, end there can be no doubt that they
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give rise to these "rosette" embryde.' 'Fig; 40 represents & group of
10 cells which are probably "rosette" cells. In Fig, 4i<one of the
"rosette" embryos is binucleate; the other has 6 cells, . Fig. 42

shows similar embryos with 2 and 4 cells respectively, Embryos

with up to & cells were obssrved. The fate of these “"rosette"

embryos in later stages was not determined,

Fig. 43 illustrates véfy well the determinate nature
of the cleavage. The terminal embryo has & large secondary
suspensor, and the three smaller e&bryos bigher up each have
embfyonal tubes., At this stage the £eginning of internal differ-
. entiation can be seen in the tendency of thé cells to be orientated
round the future root epex. As yet no extensive “"columnar tissue"
is formed. A Fige 44 shows an embryo system with two smaller embryos
(emb.). The terminal embryo has developing cotyledons(c) between
which can be seen the large stem apex(st. 2.). The large size of the’
stem apéx in the early stages is conspicuous. There ars two cotyledons.
They develop as outgrowths of the embryo, the tip of which remains
round, and becdmes the definitiwe stém apox. j‘This seems to be a

general condition in conifers (cf. Allen, 1947; Buchhblz, 1919).

DISCUSSION

A. The Podocarpean Affinities of Pherosphaera

Binucleate embryo initiels are regarded as character-
istic of the Podocarpaceae. It has been shown by Tahare (1941) for
Podocarpug nagi, by Looby and Dbyle (1944v) for P. andinus, and by
thg same authoﬁgiggr Saxegothea that the binuclegte condition arises

by division of the nucleus in an original cell of the proembryo

withput subsequent'formation>of a iall, and this is sure to be true

of the whole family. In Pherosphasra binucleate cells occur, but

more commonly the embryb units in the proembryo are 2-celled.
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Evidence suggests that the 2-celled units arise from binucleate cells
by formation of walls on cleavage planes after the nuclei have

returned 0 the resting stage. Looby and Doyle (1944b) show that in

Podocarpus andinug the binucleate units give rise to 4 unihucleate

cells by formation of walls on cleavage planes after the next division
of the two nuclei, and they suggest that this process may be as
characteristic of podocarps as the binucleate cells themselves. 1In

Pherosphaera this process may posshbiy operate occasionally, but the:

presence of 4-celled units has bot been confirmed. The usual 2-celled

unit in Pherosphaera is derived from the mormal podocgrp condition through

the precocious developmént of a wall generally delayed until after the
next nuclear division. This woudd be true both in ontogeny and phylogeny.
Thus the nature of the embryo initiels, binucleate and bicellular,

indicates podocarpean affinitfes for Pherosphaera.

-In such features as the adherence of the stalk nucleus
to the body cell, end especially in the burial of the archegonia by

‘growth of prothallus'tiSSue and subsequent "suspensiom" of the neck

cells, Pherosphaera agrees with podocarps which have been fully investigated,
and these resemblances are to be considered very good evidence of the

podocarpean nature of fhe genus.

Wilde (1944) has made use of the concept of the primary
fertile branch, a shoot which bears fertile units (male .cones, or
femsle shoots reduced to single ovules) in“the axils of its bracts.

She concludes (pp. 9, 34) that the primitive fertile branch had a
proximal vegetaﬁive portion bearing 1§aves andAaAdistal fertile portion
with bracts. She showé that in tﬁe genus. Podocarpus there are twe
lines of evolution. One involves reduction of.the fertile branch
system, large leaves peing rétained. _ In the other the richly bramched
habit associated with numerous fertile branches is retained, and'the
leavee are reduced, being thick, keeled, imbricating and appressed to

the stem. The latter group includes the sections Dacrycarpus. and

Microcarpus. Dacrydium and Pherosvhaera both resemble the latter

- geaoam,,. heaving richly brenched habits and the characteristic leaf form
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at meturity., Their fertile branches consist of a basal vegetative

- pottion, end = differentiatéd-te;minal fertile region in which

there are generally, ih‘the female, a number'of fertile bracts (according
to the species), while iﬂ the male this is represented (as in

Dacrycarpus) by a single unit (cone). ‘

- Buchholz (1933a) studied the embryogeny of bacgydium

cupressinum, and described jt as the type of Determinate Cleavage Poly-

embryony. Pherosphaera resembles Dacgydium in the arrangement of
embryo units and occurrence of determinate dleavage. Buchholz'
Fig. 9 (1933a) shows the terminal embryo with a long secondary sus-

pensor while the other embryos have small embryonal tubes ondy.

In Pherosphaera embryonal tubes are proéuced by all the embryos about
the same time (see Figs. 38, 42 of this thesis). In Dacrydium
free prosuspensors forming embryos do not occur, and Buchholz did

not observd "rosette" embryos.

The absence of an epimatium in Pherosphaera mey be

regarded as the culmination of an evolutionary sequence towards
erectnesé of ovule and reduction of epimatium illﬁstrated‘by sppcies of
Dacrydium. D. bidwillii (Fig. 45) hasAa fertile branch with two

or tﬁree bchts (pg.) subtending ovules; which are invertea at maturity,

. and completely enclosed by the epimatium, as in Podocarpus (3).

(3) . '
Sahni and Mitra (1927) have argued on the basis of cone anatomy

that D. bidwillii should be referred to Podocarpus. This view however
ignoresthe fundamental organisatibn oQ&he fertile branch system. In
Dacrydium (including D. bidwillii) there,is a basal vegetafive portion
with small leaves, keeled and imbricating, whide in most Podocarpus

sp. this is lacking. Sahni and Mitra do not indicate in which section
‘of the genus Podocappus they would place D. bidwillii. Rather beeause
. of the diversity of fertile branch mbérphology, it is Podocarpus which
should be split. If D. bidwillii has the integament fused with the .
epimatium for part of its length, this is mgrely_gn'example of an

organism being advanced in some respect while remaining primitive in
others. '
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In D. cupressinum (Fig. 46) , and in D. iﬁtermediuh and D. colensoi,

the ovule is inverted when young, but grows into an erect position,

and the ep‘imatium 1p merely & thin sheath round the base of one side
of the ovule (Sinnott, 1913; Sahni and Mitra, 1927). The terminal

‘ porgion of the fertile branch cgnstituﬁis a rather definite receptacle

bearing & number of sferile‘%fa&té(?égég;;gg.) anda single fertile

‘bract (br.). D. frenklinii (fig. 45) is more primitive in having

numerous fertile bragcts which arqbeparated by consideraﬁle internodes.

The axis and bracté are somewhat fleshy. It is advanced in that

the ovules are erect and only partly enclosed by the epimatium. The

fertile branch is strongly flexed at the base of the fertile portion,

gso that the micropylés still point dowmwards. bFinally in Pherosphaera
(Fig. 48) the vegetative par£ of the fertile branch is curved, making
the cone pendulous, and the ovules are mprphologically erect. The

lower bracts are fertile, and in the material I have ;xamined at

least two of the uppermost bracts are steride. The axis of the cone

is considereably short;ﬁéd so that the bracts are crowded. fhere is

no epimatium, As in Dacrydium the nucellus is free from the intégument.

"It is interesting to recall that some taxonomists, e.g. Eichler (1889)

included Pheropphaera in Dacrydium.

Unfortunately it is not possible at present to institute
a deétailed comparison between the gametophytic structures of Pheros-

phaera and Da¢rydiume. The work on Dacrydium of Young (1907), who

described the male gametophyte, of Stiles (1911), who describe@

the mature fqmale gaﬁetoﬁhyte and_the male gametes, which he said were
unequal, and of Sinnott (1913)'who gave an outline of the development
‘of the gametophytes and embryo, leaves us without ‘such details, as of
gamete fprmation énd fertilization, on which a compar®son might be
made to establish a ciose relation betﬁeen the genera., A detailed
study of theidevelopment of Dacrydiur is urgently needed, and more

details of Pherosphaera are still required.A In view of the consider-

able differences in cone structure menifest in the different spécies

of DAcrydium, investigation of several species would be desirable.
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The evidence of embryology does nor support the

view that Phyllocladus is related to Pherosphaera. ~In Phylle-

cladus the embryo units are more nﬁmeroua and differently arranged,
and simple polyembrydny occurs (Buchholz, 1941). Moreover, the
. fertile branches have no vpgetative portion, and the léaves are flat

‘scalés, reduced in association with the development of cledodes, and

have not the keeled imbricating form as.iniDacrIdium and Pherosphaera.

‘It is regfettaﬁie that Looby abd Doyle have referred
to the 4 cells formed from binucleate cells in podocarps as a tetrad,.
;The use of thﬁs term ought to be(conflned to the 4 cells formed by
meiosis from a spore mother cell. The termlnology I would use is
as follows:~- The cells formed when wall formation first takes place
in podﬁcarps are "primary:embryo-units". From these develocp ;'
"binucleate embryo ﬁnits", which give rise to "2-celled unitst or
"4-celled units". The two cells reéulting from the first division
of the &ninucieate embryo initials in any ;onifer also constitute

2?celledpnits. o

.‘§. The Taxomomic Status of Pherosphaera

Pilger (1926) divided the Podocarpaceae into 3

subfamilies: Pherosphaeroideae, containing‘only Pherosphaera;

Podocarpoideas, including Microéachtyeq Saxégothea, Dacrydium,

Acmopyle, and Podoqarpgg; and Phyllpcladoideae, with Phyllocladuse
‘lMore recently Buchholz (1933b) has proposéd a femily Pherosphaeraceas,

containing the one genus Pherosphaersa.

Although Pherosphaera has some characters which are

very differént from those of other podocarps, a case has been made

- put for régarding it as deVelopedifrom Dachdium-like forms. If our

classification.is t6 reflect phﬁlogénetic reiationships;‘Pherosphaera
should be placed in.the same group as Dacrydium, and not in a group .

of equal independent. status.

The greatest similarity betweenrbachdium and

Pherosphaera lies in the nature of cone and. fertile branch. The

LN
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organisation of the fertile branch in these two genera is
essentially the aéme as that orbginally described by Wilde

(1944) for Dacrycarpus and Llierocarpus: The same type of

organisatioh can be shown to occur in Microcachrys, which has

a fertile branch with a proximal portion which is vegetative,
having small keeled imbricating Ieaves afranged'in 4 renks, and

a distal fertile porti§n in which the bracts are spirally agranged
and form a diefinité cons. The bracts become vefy fleshy.
,Acmopxle‘(SaHni, 1920) would also appear to have a fertile

branch in which the basal part is vegetative and bears small leaves,

Thus the nature of the primary fertile branch seems
to provide the basis for a natural séheme of classification, and

I therefore suggest that one subfamily of the Podocarpaceae should

include Dacrydium, Pheropphaera, Microcachrys, Acmopyle, and possibly
the genus proposed by Wilde, comprising the présani Dacrycarpus and
Microcarpus sections of Podocarpus toéether with Podocarpus vitiensis
and P. minor. The subfamily could be called the Dacry%pideae.

It would be characterised by the richly branched hagit associated
with retention of the complete fertile branch system, and by the
fertile branches having a well developed basal vegetative portion

in which the leaves are typically keeled and imbricating.

The validity of this proposed grouping is a matter
which sﬁould be investigated further. In particular, the positién
- of the Podocarpus spp. should be éxaminéd. The receptacle of
Dac;gcargﬁs-is composed of the fleshy baséésof the bracts (Gibbs,
1912), and the lamina of the fertile bract is fused to the epimatium
of the ovule. Thus the receptacle is not entirely homologous

with that of BupodocarpuB, and it is concievable that it arose

independently. P, dacrydioides (Dacrycarpus) resembles

Pherosphaera and Microcachrys and differs f;om other Podocarpus spp.

in having a pollen geain with 3 wings (Sinnott, 1913).
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This proposed groﬁp of genera with.fertile branches‘
in which the basal vegétativ§ pa?t is well developed is to be
;ontfasted with other podocarps in.whiqh the fertile branch is
reduced, or in wﬁich thé'basal‘portion is'not well developed.

Even if thespecies at ;resent included in Podocarpus be not

included, Dacrydium, Pherosphaera, and Microcachrys at least

constitute a natural group, which, if diverse in some respects, is

closely united on the basis of cone and fertile bfanch moiphology.

c. ' Bihugleate Cells and Primary Suspensgors

The most distinctive feature of the embryogeny of

Pherosphaera is the usual occurrence of 2-celled units instead

~ of the binucleate cellsiwhgch are general for the Podocarpaceae.
The genus will therefore be important in any discussion on the

signifigance of these binucleate colls. When the two cells in

Pherosphaefé are superposed, they recall the corresponding steges

in conifers such aw Chamaecyparis end Biota (Ruchholz, 1932a) and

Sciadopitys (Buchholz, 1931) in which ﬁhe upper céll of a 2-celled
. unit elongates as a primar& suspensor. In thé case of Sciadopitys
Buchholz_stateé (p. 260) that'?tﬁe small embryos are variously
oriented and bégin to elongate in all directions", corresponding

to the haphazard direction of the wall in the 2-celled unit of

Pherosphaeraf&e noted above (p. 20). It may be then that the
absence of a pfimary suspensor in Podocarpaceae is correlated with the

occurrence of binucleate cells dividing into 4-celled units, the two

‘courses being mntually exclusive. . The'condition seen in Pherosphaera
is probably not primitive for the family, but derived, as are its
other pecularities, é.g. absence of male cells and of epimatium,

reduced megaspore membrane (Lawson, 1923b),

Buchholz (1931) regards the embryogeny of Sciadopitys
as a type from which those of the Cupressineae and Taxodineae may

have been defiﬁéd, and he points out also the resemblance, "at

least in general orgenisation", to Podocarpus spicatus, a member of
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' the Stachycarpus croup. The proembryo of Sciadopitys was

described briefly by Lawson (1910).  Wall formation takes place

with 16 free nuclei ‘%)_ Below the prosuspensor tier is a
single tier of cells which "divide repeatedly, forming three or four
rowes which taper to a point" (p. 416). The cells of these tiers are

the embryo initials._ “In Podocénpus andinus (Looby and Doyle, 1944b)

on the other hand, a similar final result arises by a different
process. There are 32 free nuclei. at ihe base of the archegonium,
and wells develop on cleavage planes giving rise to the cells which

sre the primary units.  If the présence of binucleate cells in

developing embryos as in Pherosphaecra is_demonstrated in more typical
gpecies, it would indicatg.a-tendency iﬁkodocarpa to delay wall formation
unrelated to primar&’sﬁspensor formation. It would seem possible that
in the most primitive coﬂiférs wall formatiof was n8t specifically
related toknuclear division. A.There might well have been an extemsive
free nuclear stage such asAat present occurs in Ginkpo. The protbplgsm
éleaved-up'into protoplasts with severii nuclei, amd wall formation took
place on the resulﬁant interfaces; Nuclear divisions probably continued
in such célls, again without wall formation.  Tn. the modern conifers
howsver thié process has become more standardized. In Stachycarpus

the walls form round uniﬁucieate protoplasts, im-which two subseguent

- diviseions take placé»beforé walls are laid down again; while in Pheros-
éggggg normally ohiyidne furtﬂer division takes place. Iﬁ Podocarpus

) dac;xdioides and g.iggiggg, Buchholz (1941) figures spindle fbbres
between the two nuclei of the binucleate cell, | 1Thus it would appear
that in the more advancéd podocarps wall formgtioﬁ on cleavagg planes,
probably reiated to their'delay in formation, is being eliminated,

I suggest that that two different ways in which a comparable finsal
. Crrm .

result is achieved in Stachyearpus and=Sciadopgtys,resu1t from this

variation in the time aflwhich walls ars laid down. The 2-celled

(4 -
) Tahara, quoted by Buchholz (1940), says there are 32 free nuclei.
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embryo initials boing a derived state in Pherosphaera vo can

postulate that the»pfesence of 2-celled units in Sciadopitys

end elsewhers is Bimilarly a derived condition.

In Phorosphaera both.cells of the.2-celled unit

contribute to a single embrye, and this is true also of Cunning-

hamia, Cryptomefia and Taxodium (Buchholz, 1932b; 1940; Coker, 1903)

" which have no primary -suspensors. In the evolution of Sciadopitys,

however, it is suggssted that one of the cells of the 2-celled unit
became the primary suspensor, and the definitive embryo grew from

the other cell.

~ TAXODIUM
) CRYPTOMERTA
CUPRESSINEAE CUNNINGHAMIA
\ ‘PHIROSPHAZRA _ - = =
SCIADOPITYS P E R
L erm T - TUPODOCARPUS
I DACRYDIUM /
- : - NAGRTA
' ' SAXTGOTHEA
. % PHYLLOCLADUS
STACHYCARPUS .
. (Primitive Podocarps)
GINKGO 7 S
\ :)
7/ .
, PRIMITIVE CONIF"RS

3
vith large freo nuclear pro-!
crbryos and irregular wall
formetion

Suggested relatlonchipe dotweon &ifforent types of Tmbryogeny
in the Taxodiaccae and Podocarpacoae. The generg ahove the

broken line possess 2-cedled units. -



1. Ovules are notipqllihated at rendom.

2. Archegonia are buried by growth‘of.the.prothallus,
as in podocarps.

3. There are 16 free nuclei..

4, froembryo has a tief of prbsugpenéﬁs and generally two
irregular tiers of embryo units., |

5 Tmbryc unite pass ihrough a binucleate phage, which gives -
rise'to a 2-celled unit of 2 uninuclegte ghster cells, This is
considered to be derived from the typical podocarpean condition
wherdin & further division»takes place giving 4 nuclei and a
4-célled unit.

6, Each embryo unit gives rise to a separate embryo. The

development is an example of determinate cleavage polyembryony.

7. Binucleate cells regularly ;accur in developing embryos.

8. Rﬁsette embryos develop from relict nuclei.

9, There are two cotyledons.

10. The structure of the cone is the highest dovelopment
-of an eyolutionary line towards redﬁctioﬂ of epimatium and anéctnese
of ovule.illustrated by épecies of Dacrydium.

11, A naturdl subfamily of the'Pddocérpaceae cbmpriséa those
genera and species with unreduced fertile branch systems, in which
the fertile branch ﬁas a basal vegetative portion bearing small
keeled imbricating leaves. A

12., Twé-celled.unitsloccur in all cénifers except typigal
podocarps. Each.of the two cells may contribute to a single
embryo (primitive.condition) or one ceil may elongate as a

primaery suspensor.




PODOCARPUS ALPIN®S R.Br.

ECOLOGY -

Podocarpus alpinus Has the widest diétribution

within the.island of any of the Tasmenian conifers, and it is

the only one of the mountein forms which extends beyond the state,
occurring on the Bogong High Plains, and elsewhere in bhe
Victorian Alps. Irn Tasmania it grows prostrate on the dolerite
talus which covers-coﬁsiderablo é£eas of the mountains. There
is a small pétch of it.on.Mt. Wellingbon, being.the only conifer
on that mountain f{apart from a few that have been planted).

As far as I have observed it is confined to talus in Tasmania,

but &n the Bogdng High Plains,laé well as being on basalt talus,

it occurs in creek beds, where it grows more erect, resembling

Bherosphaera in habit.

Tﬁe life cycle of Eupodocarpus sp. is generally
stated to occupy a single season. On lt, Wellington pollen being
shed has been observed on 3rd December 1946, Pollen was being ‘

- sbed on the Snowies on an March 1947, On Mt. Mawson,
prothalli with aréhegonia-still in the initial stage were

found on 8th Decembet 1945, simbryos with binucleate units

weré found on Mt. Wellington on 20th April 1946, and also bn
24th August, andhgtill even on 29th September, On 20th October
1946 multicellular embryos and cleavage of suspensors were
observed. "It is by no means certain.however that a two-season

life cycle is general in this species.

CONE MORPHOIOGY -

According to Wilde.(1944), P. alpinus exhibits stages
transitional between those species in which the male cones are

in "Primary Clusters", and those with."SeCOﬁdary Clusters",

"While the Stdchycarps group and Nageia section of the genus,"
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she says (p. 14), "are characterised by reduction of the primitive
fertile branch to primery clusters and finally to solitary cones,

the Eupodocarpus section posses in general secondary clusters. The

male fertile branch has likewise been reduced to the exireqm of a
single, terminal fertile branch unit on’a bracteate pedlcel varyihg in
length and represebtlng.with the few- remalnlng sterile brgcts the
vestige of the fertile branch. These reduced fertile branches,
however, have been brought together intq secondary clusters by reduction
in the internodes of the vegetatlve brqnch on whlch they are borne.
While the secondary clusters are found only rarely in isolated casses

on individual plante in the Stachycarpus group, they are a constant

end characteristic featuré in the ﬁupodécarpus section, Farthermora,
the secondary clustérs are‘hgducéd here in sdme'ppeqios to single cones by
g subsequent loss of reduceﬁ.fertile branches ffom_thp sccondary
clustqr. Invsome species it has bacome constant, in others both

clusters and single cones occur."

She goes on fo.describe g; alpinus, in which “"the male
cones &re usually in loose clugters of three or sometimes ;nore at the
end of short branches gbout 5 mm., or less -in length. These branchlets
sometimes bear a feﬁ ordinary-vegetative leaves other than the crowded,
terminal ones subtending cones. Ordinarily, the internodes on such
branchlets are shorter and the leaves a 1itt1e smaller than those on
the rest of the plant, Towards fhe, extfemity of the branch the internodes
ero completely eliminated and four_br moreﬁeaves are brought together
surrounding the cluster of, usually, three: cones. One cone is
always in a termimal éosition on the branchlet; no case of a persistent
apical bud was found.... A cone pedicel... is almost eliminated in
P._alpinus. Bach individual cone axis, however, bears-ét its base
three or four membranous bracts and represents a fertile branch reduced

to its single terminal unit.

"In some cases the lower leavés on the vegetgtive cone-

bearing branchlets are completely lost and the upper ones surrounding
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the clusters have been reduced to scales. Moreover; vardous
stages in the shortening of the branchlet ‘occur, from the length already

deseribed to 2 or 3 mm. With loss of lower leavesy the bases of the

upper scales entirely sheathe the'branchlet; now actually a peduncle.

When this occurs the clusters resemblg those in other species

of the section that noglopger show the sfeps leadihg to this
reduction, This species therefore,... forms an iﬁportant transition
to more advanced conditions prevalent in thé_rest of the sectién."
(pp. 15, 17). |

In all the.material I have examined I have not

found the sumall leaves described by Wilde, all the bmanches being
naked (Fig. 49). These branches are subtended by a scale leaf.

¥he leaves subtending the fertile brunches are rarely completely
whorled; sut generally arise fairly close‘together. One vefy<
interesting group of coneé was found (Fig., .50). As usual; three
‘reduced fertile brancheé were represented. One of these fertile
branches in the akil or a leaf bors a~siﬁgle terminal cone>(c1).
"Another- leaf subtended a fertile branch-With three cones ,bthe lateral
ones in the axil of a membranoué bract (°2a;£,c); there waé quite

a long internode below the lqwest bract. The third fertile

branch - the terminal one - had a terminal cone (°3a)’ with a

second smaller one below it (c

3b

the way primary clusters are reduced and gathered together to

) This illustrates very well .

give sacondary clusters. . One fertile branch in this casé comprise&
a primary cluster of thrée_qones, the second a ciu;ter of fko‘cones,
while tﬁe tﬁird wés reduced to a siﬂgle éqne. - At the other extreem
a single cone in fhe axil of a vegetafive lcaf wasjfound. The |

- cone wes at the end of a sh&rt peduncde, and had a number of scaie

leaves clustered round the base. '

_ The female cpﬁe is not described by Wiiée, nor by
. Gibbe (1912), although a deecription withput figures is given by

Brooks and Stiles §1910). The branch bearing the cone is subtended
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by a scale leaf ér occasionally by a vegetative léaf (Figs. 51,52).
The peduncle mey-be up to 2 mms. long, or réduced alm&sf to
venishing point. At the top of the peduncle, Brooks and Stiles
described 2 small scale-like bracts, although in my material

there are none, agreeing with Pilger's‘observationa quoted by

Brooks and Stiles. There‘are 2 fleshy bractg, one of which normally

subtends the ovule, Rarely 2 ovules are preseni (Fig. 51); this

mght be 8 genetlcally controlled character, since all the cones
on one plant were found to have 2 ovules. A third bract is
sometimes found_(Fig. 52). Brooks and Stiles give the impreésion
thet it-ié a genéral feétqre, which is nét,so in my exper?ence.
It is often difiﬁcult to dgcidé whether the structure is &!.brac¢t or
thé tip of the stem of the branchlet. The latter interpretation.

often seems more likely.

A Thué although P. alpinus has typical Eupbdbcarpus
features in its female cone, it forms en important "transition form".
in respect‘toiits male cone.i For this reason these following
observatipns on the‘embryégeny.may be of'yalué,’sincé Buchhﬁlz
(1941) has recommended stud&’to correléte extormal features and

embryogeny .
* EMBRYOGENY

The proembrjofconsitts>of a tier of prosuspensor cells,
below which are binucleate ‘embryo units,.in:this éase usually. |
two in number (Figs. 54, 57),Ath;ugh-sométimeg one oniy (Fig. 55)
and occasionally éther numbérs._ Tﬁgir falative frequencies are
given in Table 5.. The émbryg Qnits'éra'arranged normally in a
single tier; butrin thé% case of 5 embryo units there wers
several tiers. Tabie 6 gives-fhe nuﬁbers Qf pfosusbénaors
countéd. | | .

In the»deveiopment of the embryo there is a high
degree of cleavage polyembryony. Even at«such an early stage as

Fig. 54, not all the prosuspensors are in contact with the embryos.
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TABLE 5 TABLE 6
No., of embryo systems : No. of embryo systems
X observed with x binu- Yy with y prosuspensors

cleate units

1 6 ' 6 1
2 T B 7A 2
3 3 8 | 5
4 1 9 5
5 1 10 3

Ae they elongate, cells are cut off at their ends, In Fig, 53

‘the early telophase of such a divieion is seen, and a wall is
already beginning to develop on the equator of the spindle. 1In
Fig. 56 several such cells are shown, and in Fig. 60 one of the

embryos in a prosuspensor is 2-celled.

~

, As well as this very common phenomenon of cutting off
R .

of wéil;'frbm.the free ends of the prosuspeﬁsors, cellé may be
délimited from the centre of such a cell., One is seen in Fig. 53, -
and several are in Fig. 57. The uppef one is binucleate, and in the
lower, immediately gelow it, the nucleus is seen in diviéion. 1In
additioﬁ, cells may be cut off at the top end of the prosuspensors.
Such a cell is shown in Figs. 53;‘61. Another is in Fig. 58, in
&hich the rglation to the archegonium id clear - the "rosette" cell

is below the basal plug of the archegoniﬁm.

Concerning the development of_the embryos themselves,
little information has been ébtained.  In Fig, 59 embryos from
three systemé‘are‘drawn. | The two lowest embryos appear to come
from different systems which had & single unit at their tips, while
the upper two seem to be dnrivéd from anFmbryo system with two
units. It appears that the nﬁmber of embryos which develop is

equal to the number of binucleats units.
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DISCUSSION

The embryo'ofAPodocarpue alpinus resembles in some

respects that of E. macrophyllus and P. totara, and in others

P. urbanii (Buchholz, 1941). In 2; macrqphyllus.theré is

normally only idne binucleate embryo unit, and 8 - 15 prosuspensors.

(Buchholz says 14 - 15 for the subspecies maki. Tahara (1941)
.gives 8 = 14, though it is not clear whether he included that

subspecies, or was concerned with the typicel form only.)  In

P. macrophyllus there is extensive separation of the cells of the
'prosuspehsor. In P. ﬁgﬁggg, as in:g. hallii and P. nivalis,

there is normally only one‘binucleate unit, and 7 - 10 prosuspensors,
which apparently do not cleave up much. P. urbanii has 11 - 13
prosuspensors and 2'- 3 units. P. glomeratus, P. coriaceus, and

P. purdeanus arevapparéntly similar. In P, urbanii there is

very extensive cleavage.

We may distinguish two methods wrereby the embryos are

separated when there is cleavage. In Dacrydium (Buchholz, 1933a)

and Pherosphaera (Elliott, 1948) the embryos are separated by the
growth.of the secondary éuspensors produced by each emhryo. : On the
other hand, in Cryptomeria (Buchﬁolz, 1932b) and in Taxodium, the
embryos are separatéd by cleavage of the prosuspensor cells. This
matter is not especialiy concerned with the determinate or‘indeter-
minate nature of the cleavage. 1In B. nagi (Tahara, i941) the embryo
units, 7 - 9 in numbér, are all in one tier,‘and cleavafe is thus
indeterminate, but Tahara's figures show clearly that the embryos
are*nét separated until the growth of the.secoqdary suspensors forces
them apart. Buchholz' (1941) degription of P. ggg;gg; which
probably has a similer arraggement of embryos to P. gracilios (1.c.)

and P, usamberensis (Buchholz, 1936), indicatés a massive secdndary

sispensor produced by a large terminal embryo, with several smaller
embryos further up the éuspensor, which could not have been separated
by prosuspensor cleavage.~ . In P, urbanii spparation of embryos by

sedondary suspensor growth is the rule, though in 10% of cases
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prosuspensor cleavage takes place.

It is regretteble therefore that informatioh wés

not obtained as to the details of embryonic cleavage in P. alpinus,

gince it would be interesting to know how the embryos are separatod
in this form, with normally two embryo units and extensive

cleavage of prosuspensors. .

Buchholz (1941, pe 20) observes that the American
Eupdocarpus spp. have about 12 prosuspensor cells, and the

Australian ones about 8, and P. alpinus jg no exception.

At first sight there seems to be no correlation
betwesn embryology and cone ﬁorphology. In embrpogeny, P. glgg—
eratug and P. coriacéusfresemble P. urbanii (Buchholz, 1941), a type
which is more primitivvlthan P. alpinﬁs. But P._glomeratus_hes
pedunculate secondary clusters, and P. coriaceus has single cones
(Wilde,-1944) - see fable 7. }However, it is possible evolution
has teken place independently in different"géographical areag, a
' plausifle supposition if they have remained isolated for long enough.
Cdﬁsidering the American forms, there seems to have been little
vﬁration in-theveﬁbryo attendant on fertile béanch reduction.
In the Australiﬁﬁ region, P. alpinus with a transitional cone type

has a less specialized embryo than the New Zealand species in which

secondary clusters are a constant feature. P. macrophyllus from

China and Japan falls in a group by itself. It is possible that
when further‘knowledgqis available; a more definite correlation
~ between coné,morphology, embryogeny, and geogrephical distribution

‘will be evident.

1. . Reference is made to the morphology of the cones'of

Podocarpus alpinus.

2e In the embryoAtheré are normally 2 binucleate units,
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TABLE 7
Type of arrangex?exgy Bmbryonic organization Geogrephical
of male cone 1 — distribution
No. of pro- | No. of bi- (2)
Suspensors nucledte
units
TRANSITIONAL
P. alpinus 7T -10 (1) - 2 - (5) Victoria,
' (3) Tasmania
SECONDARY CLUSTERS
WITH PEDUNCLES
P. totara )
) , (4)
P. nivalis ; 7 - 10 1 - (2) New Zealand
P, hallii ) | |
- " (4)
P, glomeratus 11 - 13 2 - 3 Peru
. : Ecuador
- SESSILE SECONDARY
CLUSTERS -
: (4,5) _
P. macrophyllus 8 - 15 1 - (2) China,
Japan
- SOLITARY CONXES
| , | | (4) :
P. coriaceus 11 - 13 2 -3 _ Colombia
: Venezuela
West Indies
(1) : (2) ... ’ '
Vilde, 1944; Dallimore and Jackson, 1923;
(3) : (4) ' -
Present investigation; Buchholz, 1941;
(5) '

Tehara, 1941.

and 6 - 10 prosuspensors; A high degree of cleavage polyembryony
occurs, and cells may be cut off eithér.end and in the centre of |
the prosuspensors.

- 3. A distinction is drawn between sepération of embryos

by growth of'secondary suspensors and cleavage of prosuspensor cells.

4. 1In considering the relation between cone morphology

and embryology it would seem that geographical distribhition must also

‘be taken into account.



ATHEROTAXIS

INTRODGCTION

‘The genus Athrotaxis was established by Don for his

two speoios A, selaginoides (the King William Pine, named after

the Kinglwilliam Range where it was first observed), and A, cupress-
oides (Penoil Pine), J.D., Hooker desoribed thethird species,
A, lexifolia, The name has sometimes been spelt Arthrotaxis, and

Campbell (1940) has perpstrated Arthrotaxus, Baker and Smith (1910)

‘pointed out that Don's speiling was derived fpom the Greek for

"crowded",

Baker and Smith (1910) described A. selaginoides in some
detail - the leaf andiwood apitomy, and the leaf oil, This species
has been the subject of the only morphological work published on

the genus - Saxton and Doyle's (1929) fregmentary acoount of the

‘life histery, and Cross's (1943) desoription of the stem apex,

The desirability of confirming and amplifying Saxton and Yoyle's

" mccount, and of working out the embryogeny, was the reason for

. including Athrotaxis in the present study, which has been practically

confined to A, cupréssoides,

A, ougros;oidgé is the commonest species'of the genus,
wifh a very wide range ovef the central highlanda. Its habitat
is.generaily'by the side of tarns and along streams, where it forms
small gr;ves. The whole éhpect-of the tree (which may grow to 6Y

feet in ﬁgght) is most pleasing,’ A, selag{noidos on the other hand

is & forest tree, 100 feet in height, In the Lake St, Clair National

-Park at the head of Pine Valley, there is a magnificent foress which

must be unique, since both the dominant - A, selaeginoides - and the

chief subdominant - Richea pandanifolia ¢ are confined to Tasmania.

Baker and Smith refer to the habit of the King dilly to form a dense
crown with a long uhbranohed»ﬁrunk, and hence cones are usually
qﬁite inaccessible, However,Awhen trees grow isblated as they do
occasionally (e.g, at Lake Skinner in the Snowy Mountaeins, and at

Lake Rhona in the Denison Range) the habit resembles that of the

pencil pine, and cones are generally within reach, ‘A, lexifolia
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is rare, and ocours only as single trees.  I lmow of some half

dozen specimens - on the Acropolis, and betweexn the Guardians snd

(Map2) :
Mt, Gould, near Lake St. Claii{f)ln the herbarium at the University

of Tasmania there are specimens of A, laxifolia from the Tarn Shelf,

Vt, Field National Park, but though I have been thers many times

I have never found any of these trees there. 4. oupressoides is
very common in the Mt; Field area, especially round Lake Dobson.
In 1946-47 this species forﬁed no female cones in that looalify,
although there was plenty of pollen, Strangely enough, the few

trees of A, selaginoides in the area (there are a few near Lake

Fenton, and I have found one on the Tarn Shelf) set fertile seed,
which germinated in Melbou?ne after having been kept in an envelope

for mors then 10 months,  There were plenty of female cones of

A, cupresscides in the Lake St, Clair distriet in 1946-47, but their

fertility wws poor, only about half the ovules having been pollinated.

In 1947-48 numerous cones were formed by the trees near Lake Dobson,

The status of the species in the genus is interesting,

A1l the characters of 1_{. laxifolia are intermediate between those of

A. oupressoides and A, selaginoides. Dallimore and Jackson (1923)

suggest that the three forms:"might woll be regarded as gradations
of one gpecies.” But the two common forms are réally quite distinct,
and are held by all botanists in Tasmania to be good species. The
possibility. that A4, laxifolia is & hybrid is widely discussed. The
variability and intermediate nature of its charac?ers, together with
its rarity and ocourrence near both of the other. two species, suggest
a hybrid‘origin. No proof of this view is available however.
Cytological examination has not so far been fruitful, and it has not
yot been possiple to attempt to cfoss the two common species artific-
ially owing to their.relative inaccessibility, | The most convénient
approach would be to collect seed from thg same trse of.é. laihfolia

for several years, and attempt to grow it to see if any seéragation‘

took place, Cones with nearly mature seed were found on the

Aoropolis on 26th February 1947, but I foolishly fixed all my material,

end it was not found possible to revisit the locality during the snsuing
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monthd,

ATHROTAXTS CUPRESSOIDES Don.

DEVELOPMENT-OF THE MALE CONES

E About the third weék of February the tips of the
branches which wiil beér-the male cones ocan be digtinguished from
!the purely vegetative-tipa, which is iﬁposgible a month earlier.
%A section through the come at this stage 5howv the sporophylls

'fully differentiated,  Fig, 71 is such a seotionm, It is not median,

but has baen selected for the two sporophylls on the left which show

tthe lamine and sporangia wedl. There are two pollen sacs (Fig. 64),

lRarely the sporophylls near the top have three (Fig, 63). The lowest

isporophylla are of ocourse larger that the upper ores, The uppermost
‘sporophyll sometimes has no lamina at all (Fige 656)., As usual there
iis a msdian resin sac;

i Fig, 72 shows onie of the sporangia from Fig; 71 at a
?highar magnification. The archesporial tissue oo;upies a relatively

i .
‘small volume in the centre, It may be distinguished by the size of
ithe nuclei, and thier more frequent divisiom, and the loose arrangement

of ths cells, as compared with the outer wall and tapetal tissues, wijees

(the cells are in more orderly rows.
| - .
! ' By the middle of May the sporsngia are fully grown and

icontain spore mother cells, When material is'placed in a jar of
‘ : ter 5

, R |

lwater after picking its development continues, /ﬁhle cones collested
i : - '

‘at the Gresk Lake on 18th: May 1946 were loft in a jar of water in the

]laborotary'in Hobart, and were fixed om 29th ‘“ay, Although meioshs

‘doeS‘not tkke place .till August, examinafion of thiﬁ'material.showed that
iit had already begun in a number of spore mother cells,'altﬁough nonse haﬁ.
Aadiunoed beyond pachytene, Fig, 73 shows a number of tﬂ;se cells,
;showing pronounced synézesis. The wall of the sporangium consibis at
%his st#ge of an outer. layer of calls, and two or three narrow cells

%ithin it. The cells immediately outside the sporogenous ocells

|
|
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in'Fig. 73, though resembling them somewhat in appearance, are not functionin
ing as such, and some somatio mitoses are seen in them, These cells

may be designated tapetum,

Materiai'wasAnyxf collected at lake Yobson on 25th August
1946, Material.fixed in the field was found to ooptain microspores,
though in some cdﬁes.the uppermost sporangia containsd quadrinuclear
protoplasts, and a few examples (which the arrowas point té) of Telow
phase II, (Fig. 74). ﬁnfortunﬁtely no.mstaphases were observed.

Thus meiosis oceurs. in about the 2nd and 3rd w2éks of Auguet, Hig. 75

. shows stages of cleavags intd.microspores, and in Fig, 76 most of the

microspores, still unwalled, are completely separatad, At this stage
the sporangium wall consists of .one or two layers of narrow cells
ingide the'epidarmai layer, and the tapetal cells can be seen adhering to

the wall (Figs. 74, 76). In Fig. 73 the tapetal cells seem adherent to

“the sporogenous tissue, which may havs been duve to the abnormal

treatment, or to ths use of a different fixative (Navaschin's). At
the stage of rlg. 74 vascular tissue in fha ooné axis does not
ektend.higheﬁ than the level_ofAthe lowest'sporophyll. Above the
énd of thes trach8ids there is a conspicuous tract of procambial tissus.
After the material had been left in a jar of water for 12 days, tracheids
were found to have differeptiated in tﬁe stakks of the sporangia, The
strand of vescular tissue bifuféates,»and passes to each éide of the
resin sac,

| By this time pollen gralns have lomg sincs been organised,
The inneﬂlavors of the sporangium.wall become discorganised, so that the wall
consiste morely of a single layer, the. walls c¢f which cells have bars of

thickening depdsited'on them, (Figs. 77, 78). At the time of meiosis

the sporopyylls overlap, and the lowest are enclosed by the uppermocs)

leaves (Fig. 62), but as the pollen matures, t¥e cone axis elongates,

and the sporangia emerge.
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POLLEN

It is waél»knbwn that the pollen grains of the Taxodiaceae
‘and Cupréssaceae have no air bladde;a, nor are there aay male prothalli&f.
cells, - It‘ié commonly stated that the oxing is very thin, while the
intine is thick and gelatihous; and when the mature.pollen grain oomes -
in contaétAwith water the intine éwells throwiﬁg off the exine (Wodehouss,
19363 Doyle, 1945), During the ocoursze of theis morphological study of

ﬂ.‘cupressoideé, attampts were made, both in 1946 and 1947 to grow pollen

in sucrose solutions of garious concentrations. As far as the growth
of pollen tubes was concerned the experiments were a failure (as might
have been sxpected cohsidering the normally slow growth of conifér pollen
tubés), but they were interesting in that théy showed &hat the wall of the

pollen grain has not two, but thrse, layers.

As stated above, meiosis occurs about the third week of
August, The pollen is ready t§ bs shed about a month later., I have
not observed the shedding of tﬁe poilén in the fiedd. However, male cbnes
collected at Lake Dobson on 9th September 1946 and piaced‘in a jar of water
in the laborotary in Hoﬁart shed pollen there on 17th’Septembef. Also, |
oones collscted at the Hugel Lakes (Lake St;:Clair National Parkj on

14th September 1947 shed pollen in the lab, on 18th September,

The pollen of A, ocupressoides is spheriéél or subspherical and

devoid off any furrow or germ pore. The surface of the exine is orndmented

]
with minute granulss. - The pollen of Athrotaxis thus resembles that of

(1)

Cunninghamia end the Cupressaceae, and differs markedly from that of

Cryptomeria, Taxodium, Glyptostrobus, Sequoia and Wellingonia . (Wodehouse, 1935;
Erdtman, 1943). ‘

Pollen prepared by the usual acetolysis methods (Erdtman, l.0.,
Pe 27) has an average diameter of 2?.3 microns (extre?gs 22,6 = 31)., Owing

o the thimmess of the exine, many of the acetolosed grains collapsed.

M)

Aocording to Wodshouse, Cunninghamia has no germ pore, but Brdtman

figures‘a‘small one, althbugh thera is no trace of any germinal papilla
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When mounted in water the grains become turgid, and the ‘avergge diameter
is 30 miorons. The exiﬁes are throﬁn off in from 2 td 4 minutes.

The contents of the grgin is now seen to be surrounded by a geldtinous
ﬁhalo", sé?rical in shape, and of avérége diameter Sé microns, The’
"cell" inside is pear shaped, the marrower end beipg,the‘generativé csll
end. The wall separating thé generative cell can be seen in some of

the grains in Figs, 79 and 80,

_After 4 days in water the c-oﬁaition’shom in Fig, 6l B
" is reached. The protoblast has enlarged and becom’e vacuolate, and

the starch, which is denseiy éacked ik the pollen grain, has been used up'
to. a large extent, The.tubé'aﬁd generative nuclei are.cigariy visible
.in most cases, 'Although the'shape of the protoplast is irregular, the
"halo" surroundiﬁg jt is still spherical except where the protoplast

is lotuglly forecing it out of posbtion. -The p}otoplast within the'
"helo” is seeﬁ'to have a wall of its own. With time, it emerges from
" the "halo". 1Im Qater this may already have happened in 4 days, and in
Fig, -8l one of the cells is seen to4be wi.thout a."halo%. Geﬁerally by
" the end of one week the greater pért of thé "halosﬁ_has been lost.

In Figs, 82 and 83 the'generative and tube cells are emerging from

| the "halo", and a definite wall (here somewhat swollem) is seem around them.

The "palo" also has a definite thickmess.

Thus tha pollen grain haﬁ 3 wulis - the cutinous one
throﬁn off first, the gelatinous "halo", and the immermost wall, These
may be designated ectexine, intexins, and intine respectively.' Such a
3—layered well has not been recorded bafore in this group of comifers,

but probably would npt be noticed where the grains germinate rormally

on the nncellus. Looby end Doyle (1942) say that in Wellingtonie
"no features of special interest appear” in thé'early changes in the

pollen grain (p. 49);
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'FEMALE CONES

The female comes of Athrotaxis cupressoides are distin-

guishable in the middle of September before polliration.

Eames (1913, pp. 32, 33) has referred to the arrangement
of the vascular bundles in the cone scales of Athrotaxis, The three
spacies differ in the extent to which the so-called "ovuliferous scale"

is developed, In A,cupressoides it attains its highest elaboration in

the genus, Tn the young cone, and even at the time of fertilization

- the "bract" is very conspicuous (Fig, 56).- In older cones with mature
soeds, the tip of the brect has increased in size very 1little, but the
"ovuliferous scade” has grown to become relatively much larger than at
the early st:igLSﬂ The ovgliferous scals in the young cone forms a
comparatively small cushion round which the ovules are attatched., The

ovudes are in a single row, are winged from the earliest syages, and

have their mioropyles directed towards the cone axis,

Larves of a fly have been found in cones collected in
January end February 1947, at »Lii.weenie, Pine Vailey and the Hugel Lakes,
The larvae appeared to be sating the.ovules, and infested cones were
often deformed, As many:as § grubs have been found in a single cone., O
would be interesting to know how long, and when, the imago is active,’
Presumably eggé are laid when the cone scales are ppen at pollination,
. and the pupae may remain in the cone until the‘scaleé separate to let

the seeds drop out,

THE FEMALE GAMETOPHYTE

The yeungest materiil-examined Qus,collected on l4th
December 1946, ané contained free nuchear stages, Fig, 84 is a
longitudinal section of an ovule at such a stgge, and shows very well the
natufewof the integument@; the micropyle, and attatcﬁment of the ovule
to the come scale, Fig., 85 is a transverse section of a similar owvuls,
An important feaﬁure is that the muclei are not distributed round the

embryo sac evenly in s single la&er, but are congregated at the lower end
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where they are two deep. In this respect A, cupressoides resembles

‘Sequoia sempervirens and differs from Wellingtonia gigantéa (Looby.

" and Doyle, 2942), Saxton and Doyle's (1928) Fig. 8 ofré, selaginoides

shows nuclei distributed round the embryo sac in a single layer,
though mpre densely packed lowsr down. It is now?&il 9stablished‘

(Looby and Doyle, 1942) that in Wellimgtonia alveolation proceeds

"evonly all round the embryo sad. In Sequoia howse¥er, while alweoli
are formed against the central vacuole, in the lower part where nueiei are

numsrous and not inaa single layer, walls form cutting out cells of -

irregulag arrarngement. In A, selaginoides, the afrangement of cells

in Saxton and Doyle's Fig, 12 shows that wall formation takes place

by the method in Sequoia sempervirens. Their Fig, 18 shows alveoli

being formed at the wvacuolar edge of the basal pobtion.

According to Saxton .and Doyle, the upper half or three

quarters of the eﬁbryo gac in A, selaginoides dees not form cellular

tissue, but remains vacuolate., In A, cupressoides my ssctioms of

prothalli with young embryos'shows walls in the tip, but the cells are

of very irregular form,

In connecfion wifh the alveolar origin gfrﬁrchegonia; Looby
and Doyle mention the poss?bility that nﬁclei may remain in a single
layer against a pollen tubé, while elsewhere at the same level the
nuclei are several dsep, This is perhaps illustrated at seyaral points
round the embryo sac 6f Fig, 85, although pollen tubes have not beén
identified fo; certéin in this ovule, . The excessive shrinkage omn

fixation mekes certainty on these points diffioult,

Acoording‘to Saxton and Ddylg's account the pollen tube
of Athrotaxis grows over the surface of the nucellus, entering it
later, to grow against the magaspore membrqne; If this is seo, it’'is

another feature in which Athrotaxis resembles Sequoia and not Wéliingtonia.

In Fig. 86 the male'complex»is seen to Le inside two layers of nucellus,.

and in Eig. 88 it is well inside, though the relation to the megaspore

membrene is not clear. In Fig, 89 there is a hole in the nucellus
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opposite the body cell, which is perhapé where the pollen tube eptered.

It is quite evident from'my material that es Saxton and
Doyle stated, the nucellus is consumed up .to a thickness of one cell
at an early stage. This isrshown in Figs. 84 and 86 which are free

nuclear stages, and it is obvious in later stages with embryos,

In Fig, 87 dividing nuclei are seen; Since only a very few seen
seen were not imn late anaphase, if would appear that all nuclei divide
simultaneously in the early stages(this is the 8th division in the
embryo sac), though how irregular they'bedome in later stages I am

unable to say,

It was:impossible to‘collect any more materiad for over a
month, by which time the prothalli contained yéung embryos, Although
& full series of developing embryos has bsen obtained, their interpret-

ation is difficudt owing to lack of proembryo stegos,

EMBRYOGERY

The essemtial points in the embryogeny of A, cupresscides

ares .
1, - Simple polyembryony.

2. Rosette embryos are aiways present, thouzh their development
is variable, |

3.  The suspensor consisis of a prosuspensor and a secondary
suspensor,

4., Two cotyledons.

Saxton and Doyle (1929) reported thet the prosmbeyo
completely filled the archegonium, This however is an error, as
Looby amd Doyle (1987, p. 471) have pointed out, Owing to the
orientation of the archegonia it is of éourse very essy to cut sections
whicp would omit the archegonium while pessing throuzh the thres tiers
of the proembryé. Saxton ﬁnd Doyie's Fig. 19 seems to include the

archegonium, at least in the right hand eﬁbryo.
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The proembryo of Athrotaxis can be interpreted with

reference to that of Wellimgtonia (Looby and Doyle, 1937), whioch in
i

common with Cunninghemia {Buchhelz, 1940) and Taxodium (Coker, 1903),

“has 8 free nuclei, In Ebllingtonia the 8 free nuclei are arragged in

two tiers of 2 and 6, or 3 and 5, After wall formatiom the upper
~open tier then &ivides, thus giving rise to prosuspensor and rcsette
tiers. >,Iﬁ/position in Athrotaxis may be similar, The 8 nuclei
are regularly arraggéd iﬁ two tiers of 4 each, The division of the

upper tier then givés'risé to prosuspensor and rosetts tiers,

The 4 primary units of the embryo have been seen only
once in a section. Hotefer, numerous 8-celled embryos havs Seen
dissected. They arise by the diwision of the léwést'e calls in a plane at
'righf angles to the axis of thé suspsensors, fhe walls may be inclined
towards the outer,cbrnérs,(Fig. 93)s  The ﬁext division inoreases the
" number of cells in each tier. - Im Fig, 94 the last ofrsuch divisions
‘is teking place in the upper tier, while the mext division takes place
only in the lower tier and adds a third tier of cells to the enbryo, as
the orientation of the spindle in the lower tier of Fig. 94 éuggests.
The result is seem in Fig, 95. Thereafter the divisions are less
regular, but they result in aAsingle embryonic mass, which may show
some lobing (Fig, 96) and whose origin from 4 primary cells can gemsrally
be made out in secfions‘(Fig. 97).» In only one case howeve: was the

indepenfent development of the 4 quadrants observed (Fig. 99), which

is clearly abnormal,

Normally the 4 prosuspemsors elongate in unison and
remain attatched to the embryo, Occasionally it would appear that ohly
2 of the prosuspensors have elongated, and Fig, 90 is so interpreted

although the 4 primary embryc units seem accounted for in the ambryoe,

The development of the rosettes is highiy.variable. it
is'difficult to make out the arrangement of walls in the disae&ted embryo - -
s&stems mounted in eupara}l, and séctions heve. not beén much help; The
comronest cordition seems'to be 4 nuclei in é.single call covering theA

whole of the 4 prosuspemsors. (Fig. 92). .This cell evidently has a wall
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above, as an unwalled "ocell" could not be dissected ocut so con-
sistently, Such a 4-nucleate cell beéomes divided into 4 cells

(7 or the 4 cells are there frem the first) (Fig. 98) or at least

into 2 (Fig. 91), in which further divisions take place,. which

may or may not give rise to walled oells, In'Fﬁg. 101 from a

section, 2 rosettc  cells are seen whioh have just divided into 4.

In Fig, QC there seems to be merély a,single uninucleate rosette

cell, A thick plug is sometimes seen above the rosettes, much like that
that which develcps above tﬁe prosusupensors in podocarps. There

doss not seem to be-any definite oorrelatipn in the stage of development

of the rosettes with that of the embryo preper.

Embryo systems are frequently found in pairs, the

result presumably of the fertilization of 2 adjacent archegonia

by the two male ocella.

1
A massive secondary'susognsor is produced by the embryo.

fn early stage §f development of embryonal tubes is seem in Fig. 100,
Ag the suspensor elongates, the upper portion becomes folded up
together with the nﬁcellus and rather indefinite prothallus tissue
and all these form a compact mass at the mioropylar end of the seed
(Fig. 102), As the embryd grows the gametophyte rapidly emlarges

in its basal portiom, and nuclear divisions are frequently seen in it.

Unfortunately in no case could the chromosome number be counted.

In material collected late in February the seed is
praotically mature, The growth of the eﬁbryo takes ornly a little
over a month, and the whole cycle from megasporogenesis'is completed
in a remarkebly short périod ( 3 = 4 months), There are two coty-
ledons, The stem apex is laberally comprdssed by the cotyledons
as is shown by Figs. 103 and 104, two viewe approximtely at right
angles, Cross (1943) described the group of apioal cells imn the
étem apex, giving rise below to sub-apical initia}s, These may be

»®

ke .
identified tant%yely in the shoot apex of the embryo. It is
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interesting to spsculate whetherAthese gpical 09lls are the direct
descendents of the 4 primary embryﬁ ocells. Growth by a single
apical cell does not occur in Athrotaxis, but if segmentation

- continues as it appears to take'place.in the early stages, there
would still be 4 cells or some derivative thereof in the apical

position in the mature embryo, Specific data om this point was not

obtained. Some fusion of cotyledons may tﬁke place to form e
"cotyledonary thﬁe", and in the'embryo.cut transversely from which
Fig, 105 was drawn the cotyledons were united for some distance on
one side, One of these cotylddons contains the primerdia of 2

vascular strands, the eother only oms.

ATHROTAXIS SELAGINOIDES Don,

SEEDLING

The seed of A, selaginoides was found near Lake Fenton
on 16th May_1947; TheAséed was kept in an envelope, and planted in
Melbourne orn 5th April 1948, The proportion of germination was
very high, In 3 weeks the cotyledons were above ground, generally
bringing the integument with them (Fig., 68), althpugh when the integument
was loft below ground growth was as a rule more vigourous (®ig. 69).
Growth during the wipter was slow, and about 10 leaves were produced by
21st August (Fig. 70). Their arrengement” is decussate in contrast
to the spiral arrangement of the mature leaves, Germination thus
f&llows the epigeal type of comifers gemerally. The high fertility
of the seed is noteworthy. It‘ié unknown whether the seed naturally

has a dormant period.
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DISCUSSION

The Redation of Athrotaxis to Other Conifers

To determine the relétionships of Athrotaxis is very
difficult, partly beacﬁserf the nature of the proﬁlem itself,_but
more beacuse of the incompleteneés of information, Its affinities
cléarly lie ﬁith the Taxodiacea@ tather than the éupressaoea;; its -
cone moréhology having littls in common with that of the latter
family, The spiral arrabgement of cone gcales points t#Taxodiaceae,
the Cupressaceae having ﬁypically opposite odwhorled arrdngement, |
Moreo%er, the scales in the cones'of A, selaginoides significantly
regemble thaose of say Crigtomeria. Cross (1943) finds~thatﬁhe
stem apex of Athrétﬁxis resembles that of other Taxodiaceas. Howsver,
as Buchholz (1940) boints out, the "Sequoias" ard Athrotaxis hive
gametophytic structures very diffgrent from those oqkhe rest of the

Taxodiacease; Cryptomeria, Cunninghamie, Texodium, and presumably

Taiwania and Glyptostrobus, -

To berin with we may list those chergcters in which

Athrotaxis resembles Séquoia and Wellingbonia} and those in which it

differs or is unique, -

Similarities to Sequoia sempervirens:

Method of‘wall.formation in embryo sac,
Mode of growth of pollén tube,

Thin mégaspbre membrane,

0vule§ in algingle row,

Life cycle completed in a single season;

Two cotyledons.

Similarities to Wellingtonia gigantea:-

Leaves of one kind only, -
Archssporium,' |

Presumed development of éroembryo,
Presence of rosette»cells,.

Presence of prosuspehsor.
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Features in which Athrotaxis reéembles neither Sequoia nor Wellingtonia:

Type of pollen grain,
Digesfion of nucellus up to one cell,
Simple polysmbryony,

Absence of primary suspensor,

In practicelly every respect Wellingbonia may bs considered
more primitive than Sequoia - its chromosome number, method of formation
of prothallus tissue, thick megaspore membrane, proembryo and presencs
of prosuspensor, may be mentioned as the most outstanding. Athrofaxis

geems more advanced than Wéllin tonia in method of forming prothallial
oells, in the spscialigzed mode of arrangement of cells in the proembryo,
in thse ﬁresenqe of one row of ovules only on the cone scale, and - if

¢ :
one accfipts Buchholz' (1919) view that polycotyledony is primitivs -
in having only two cotyledons,  Buchholz (1939, p. 254) has placed

Athrotaxis in a position intermediate between Well@ngbtonia and Sequoia,
In the hgture of ﬁhé proembryo énd in developmént of the épore mother
cell, Athrotaxis seems defiﬁitéiy more primitive than Sequoia, But in
the reduction .of the hucellus to a thickness of one éell, Athrotaxis

- seems more advanoed than either of the other two gemera,

Wodehouse (1935, p. 248) considers that Taxodium with -
its small germinsl prbtuberanée has the primitivs- type of pollen
grain for the family, and that the prominent papilla of Sequoia,

Wellingtonia and Cryptomsriais a specialization of this, Camninghamia

is considered a reduced form, and>since Athrotaxis resembles it, this
is evidence thet Athrotaxis is either further advanced than, or not:

olosely related to, Wellingtonia end Sequoia.

There{remains the éuestion of the brimiti#e atatus of
simple polyembrydny. " Buchholz (1939b, and élsewﬁqre) holds that
simple polysmbryony is gdvanceéiz - He sayg,(19595; p. 255) "the
Big tree‘;dth its.extensive cléavagebpolyembryony (nearly a'dozeﬁ
embf&os por zygote) is the ﬁorefprim;ti§e species, and the Reawoﬁd

whth a reducsd form qf cleaéage polyembrybny (four embrybs per zygote)



56

is the more specialized., The next step in evolution would be only one
-embryq per zygote, thus ending the series in simple.polyembryony."
Althou-h the fype of proembryo in Athrotaxis seems mofe specialized

than that of Wellingtonia, it is certainly less so than that of Sequoia

and the type of proembryo giving rise to a single embryo in fzgyotaxis
-cannot be derived from the Sequoia tyoe whioh seems destined to give rise to
several smbhryos from thas naturé of ths first divisionms. It has been
suggested (Elliott,_1948) that the-condition wherein bothroells of a
2~colled unit contribute to & single embryo is primitive, In Athrotaxis

‘the 2-celled units are 4 groups of 2 cells at the ends of the prosuspensors

at the 8-celled embryo stage. Ih Wellihftonia the 2-celled upits are

formed at the ends of elongating prosuspensors, and one of them’ becones the
primary suspensor (Buchholz, 1939a). In Seguoia the 2-celled units are
formed in the archegornium itself, as in Cillitris; and one cel} elongates
as a suspepaér; (Buchholz, 1939b)., In the Podocarpaceas it would seem
cortain that simple polyembryony is primitive; since theispecies exhibiting
it are those considered primitive on the nature of their gametophytes
(Doyle and Looby, 1939) and in having unreducsd fertile branch systems
(Wilde, 1944), Furthermore, the other genera of the Taxodiaceas have

. 2=ce8lled units which contribute to complete embryos.

To sum up, many characters of Athrotexis are intermediate

between those of Wellingtonia and Segioia; but the simple polgembryony

of Athrotaxis is podsibly more primitive than the condition in the othsr
two genera, and the one-cell-thick nucellus repressnts a character more
advanced than in either of them, ' In the pollen gmain, and in the cone scales

of A, selaginoides, there is no resemblance either to Wellfnghonia or

Sequoia., The conelusion is that these genera ars related but not closely,
We can envisage a group of plants, in whose characters there existed

the potentiality to evolve, say, towards cleavage polgembryony, an embryo
sac in‘which the nuclei aré coﬁgregated,at the base, a pollem grainl |
with a very pronouncsd germinal papilla, and so on. These potentialities

were realized independently in different lines, some progressimg far in

one or two respects while remaining primitive in others, Wellingtonia,
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Athrotaxis and Sequoia represent survivors of three distinct

branches of this complex.

SUMMARY

1. - The male cones of Athrotaxis cupréssoi@gi are first
‘distinguishable in February. .The wintar is passed in the sporé
mother cell stage, end meiosis occufs in the 2rd or 3rd wasek of
August. Pollen is ready to be shéd a month later,

2., Three layers may ge recognised in the wall of the polles
grain, of which the ﬁiddla4one is éye'gelatinous layer,

3, The arrangement of nuclei in the embryo sac resembles

that in Sequoia sempervirens,

4, The proembryo has three tiers: rosette, prosuspensor,
and embryo units, There is nc primary suspensor, and simple poly-
embryony occurs, There are two cotylsdons.,

5. Free niclear stages in the megaspore are found in’

‘mid-December, and the embryo is neaily mature late in Febraary.

6. Wellingtonia, Athrotaxis end Sequoia represent divergsht

.developmsnts of a common stock, but are not directly felated,
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2,

Pherosphaera hookeriana

Gen, view of ovule, showing integument with lips, mieropyle
nucellus with pollen tube, prothallus with archegonium, (33
Jan, 1942, x 80,

Part of above, showing body cell, stalk and tube nuclei,
archegonium with nueellus and vacuclate protoplasm, x 380,

3 ad&b, Two sections through same pollen tube. 3a shows body

5.

cell with stalk nucleus afherent to it. 3b, tube nuocleus.
€1) 13 Feb, '48, x 380,

Body cell and stalk nucleus closely adherent. (1) 13 Feb, '48.
x 380,

Body cell, ? prophase of division to form gametes, (1) 13
Feb, '48, x 380,



Archegonium with nucleus, and neck not yet covered by
prothallial cells., Shows megaspore membreas well, (1)
13 Feb, '48, x 380,

Neck of archegonium being overgrown by prothallial cells,
(1) 13 Beb, '48, x 380,

Young archggonium showing nucleus, central vacuole and smell
amount of periphéresl eytoplasm, early stage of developmeat of
jacket; megaspore membrane indicated by arrow. (1) 13 Feb, '48,
x 380,

Archegonium with nucleus before ventrad cenal division, showing
inereasing amount of cytoplasm with small vacuoles but large
central vacuole, (1) 13 Feb, '48, =x 380,



10.

Pherosphaera hookeriana

Archegonium with buried neck, egg nucleus, ? with remains of
nucleolus, jacket layer not extending to neck cells. (1)
13 Feb. '48. x 380.

Egg and ventral canel nuclei. (1) 13 Feb. '48. x 380.

Genaral form of archegonium, showing buried neck and egg nucleus.
(2) 15 Feb. '48. x 380.

Two unfertilized archegonia with large lobed nuclei. (2)
15 Feb. '48, x 380.



14.

15.

Pherosphaera hookeriana

Pollen tube pressing down on archegonium, resulting in
suspensbon of neck cells. (1) 13 Feb., '8, x 380.

Camera lucida sketch showing relationship between pollen
tube (p.t.), nucellus (nu.), prothallus (gam.), rwptured
neck cells (nk.), and top of prosuspensors (ps.).

(4) 13 Feb. '48. x 400.



18.

19.

Pherosphaera hookeriana

First divisiog of zygote. Arrow indicates nuclear membrane.

(1) 13 Feb., '48, x 380.

Another section, from series through same archegonium, showing
ruptured neck, and ? residual male cytoplasm. (1) 13 Feb. '48.
x 380. i

Two of the 4 free nuclei, with vacuole above proembryo.
(1) 13 Feb. '48. x 380.

16-free nuclear stgge, with nuclei still arranged in pairs
after division., Ruptured neck of archegonium above.
(4) 13 Feb. '48. x 380.



20,

21.

22.

23,

PRerosphaefa hookeriana

16~-free nuclear stage showing one relict nucleus. (2) 15 Feb, '48

x 380.

Several relict nuclei. Protein vacuoles and nucleus-like artifacts
in résidual protoplasm., (4) 13 Feb, '48. x 380.

Relict nuclehs forming 3-celled embryo (r.emb.); ruptured neck (n.),
prosuspensors (ps.), and open cell tier (o.c.t.) visible. (4)
13 Feb. '48. x 380,

Numerous nucleus~like artifacts. (1) 13 Feb. '48, x 380



25.

26.

«‘1
ﬁ. -\ x,mal oA

Phebosphaera hookeriana

Primary embryo units (e.u.) organised, with cleavage planes
axtending upwards to gelimit future prosuspensors. (2)
15 Feb. '48. x 485,

Telophase of division to form prosuspensors and open cell
tier, Primary unit (e.u.) below, Rosette cell (re) top
right, (4) 13 Feb, '48, x 485,

Another section of same series showing prometephase of
division to give binucleate units (arrow). '(4) 13 Feb. '48,
x 488,



27«

28.

29.

30.

31.

Pherosphaera hookeriana

Embryo system showirg 4 2-celled units, the secpnd cell of
terminal anip being hidden by one drawm. (1) 22 Mar. '47.
x 550.

Embryo system of four binucleate units and two 2«celled units.
The terminal unit has wall extending obliquely in high focus
but not in pdene of nuclei. (1) 22 Mar. '47. x 550.

Four 2-celled units, showing variation in orientation of wall
separating the 2 cells of 2-celled unit. (1) 22 Mar. '47. x 550.

Two embryos in a single tier, the right hand one with 2 cells,
one of them binucleate; the left hand one with 3 cells, one of
them binucleate. (10 22 Mar. '47. x 550,

Three embryos,ithe léadingléne with 2 binucleate cells and 2
unBnucleats cells. (1) 22 Mar. '47. x 550.



S 344

Pherosphaera hcokeriana

32, . Embryos system with two 2-celled units and ? binucleate unit. (4)
13 Feb. '48., x 485.

33, One 2-celled unit (a), cell of 2-celled unit showing tedophase
without wall formation (b), and part of 3-celled embryo showing
prometaphase in one cell (¢). (4) 13 Feb. '48. x 485,

34 a and bs, Two views of same section in different plenes of focus. To
the left, a 2-celled unit; to the right 2-celled embryo with binucleate
cells, in the left hand of which a cleavage plane is visibde in a, but
has not extended as far in as plane of focus of b, (4) 13 Feb,'4S x850.



Explanation of Figs., 35 - 39 continued

3%, Complcte ombryo system showing 4 developing embryos
without secondary susponsors. (1) 22 Mar. '47. x 240.

9.1+, omrbyonal tubes; f.p.; free prosuspensor cells; DpD.8.«g
emhryos formed in prosuspensor cells.



35.

36.

37.

38,

Pherosphasra hookeriana

Smallest embryo system dissected out. See Fig. 27. (1)
22 Mar. '47, x 240, :

Elongating prosuspensess; some of which have lost contact with
embryo units. (1) 22 Mar, '47. x 240.

Free prosuspensor.gell with cellular t8ssme. (1) 22 Mar,'47. x 240.

Embryos with embryonal ti&bes beginning to elongate. Some cells
of embryo binucleate. (1) 22 Mar. '47. x 240.



40.

41.

Pherosphaera hookeriana

Pgrt of a group of 10 "rosettse" cells (r.) above basal
plug of archegonium (b.p.). (1) 28 Mar, '47. x 335.

"Rosctte" embryos, one with 6 cells visible, the other
binucleate. (1) 22 Mar. '47. x 335,



Pherosphaera hookseriana

42, Embpyo system showing embryos with very small secondary
suspensors; free prosuspensors and "rosette" embbjyos.
(1) 22 Mar.'47. x 140.

43. Section of embryos system showing terminal embryo with
large secondary suspensor, and smaller embryos with
secondary suspensors. (1) 21 May '47. x 265.

44, Older embryos with primardia of cotyledons. Two smaller
_embryos higher up suspensor. (1) 16 June '47. x 140.



45, Dacrydium bidwillii. Young female cone. x 15.

46, Dacrydium cupressinum. Nearly mature cone, x 15.

47, Dacrydium franklinii. Young cone. x 15.

48, Pherosphaera hbookeriana. (1) 22 Mgr. '47. x 20.
abort.ov., abortive ovule; br., fertile bracts; ep., epimatium;

ov., fertile ovule with integument showing; ster.br., sterile
bract; veg., basal vegetative portion of fertile branch.




49,

50,

51.

52,

Podocarpus alpinus
Secondary cluster of three male fertile branches. x 10,

Group of three male fertile branches showing transition from
primary cluster to single cones and aggregation in secondagy
cluster. oy, single cons of fertile bramch; Cog , primary
cluster of 3 comes; ©3a,bs 2 conss of the 3rd fef%ige branch, x10,

Female fertile branch with 2 ovulss subtended by vegetative
lsaf, x 10,

Female fertile branch subtended by scale leaf. Tip of fertile
branch visible, x 10,




Explanation of lettering in Figs., 53 - 6,

b.p., basal plug of archegonium; f.p., free prosuspensor cells;

—

m.p.8., cell cut off in middle of prosuspensor cell; r., rosette

cell,



33.

54.

55.

56,

55

Podocarpus alpinus
Embryo system with single 4-celled unit, several free pro-
sugpensors in end of one of which cell is being cut off,
Cell delimited in middle of prosuspensor (m.p.e.), and rosette
céll, and basal plug shown. (6) 29 Sept. '46. x 400.

Embryo system with 2 binucleat® units and free prosuspensor
cells. (6) 29 Sept. '4B. x 400.

Single binucleate unit of embryo system. (6) 29 Sept.'46.x400.

Embryo system with numerous free prosuspensors. (6) 20 Oct.'46.
x 400,



Explanation of lettering in Figs. 57 - 61,
arch., upper part of archegonium not occupied by proembryo; Db.Ds,
basal plug of archegonium; m.p.e., cells cut off in middle of

prosuspensor cells; r., rosette cell; ps., prosuspensor.



58.

59,
60.

61.

Podocarpus alpinus

Section through 2 embryo systems. The left has 2 binucleate
units. The right shows several cells cut off in middle of
prosuspensor. (6) 4 Aug.'46., x 280,

Section showing relation of rosette cell to archegonium and
prosuspensor. (6) 4. Aug. '46. x 880,

Embryos from 3 embryo systems. (6) 20 Oct. '46. x 400
"Embryog" in end of prosuspensor céll. (6) 2 Dec. '46. x 400.

Darge "rosette" cell. (6) 29 Sept. '46. x 400.



62.

63.

64.

65.

66.

Athrotaxis cupressoides

Male cone about the time of meiosis. Spe, laminae of
sporophylls; 1., uppermost leaf, (3) 25 Aug.'46. x 10.

Sporophyll from near top of cone with 3 pollen sacs. x 20.
Normal sporophyll. x 20,

Terminal sporophyll of cone without lamina. x 20.

Female cone about the time of fertilization. (9) 14 Dec.'46. x 5.

Continued at foot of next page



71

T2

73.

74.

Athrotaxis cupressoides

Tangential section through male cone., (11) 24 Feb,'47. x 80,
Sporangium from section of Fig. 71i. x 380,

Spore mother cells at zygotene showing synezesis. (7) 18 May '46,
fixed 29 May. x 380,

Examples of Telophase II (small arrows) and one Metaphase II
(large arrow) with quadrinucleate protoplasts. (3) 25 Aug.'46.
x 380.

68,
69,

Cone with nearly mature seed., (11) 24 Feb,'47. x 85

Athrotaxis selaginoides
8eedlings from material collected (5) 16 May'47, plgnted 5 Apr. '48.
Seedling just above ground, carrying integument. 3 Mgy '48. x 5.
Seedling with cotyledons not yet expanded. 30 Apr. '48. x 5.

Seedling with 10 plumular leaves. 21 Aug.'48., x 5.



Athrotaxis cupressoides

Stages of cleavage into microspores. Shows tapetum
adhering to wall of sporangium, (3) 25 Aug. '46. x 380.

Microspores nearly rounded off., (3) 25 Aug. '46. x 380,
Bars of thickening in wall of sporangium seen in longhtudinal
section, Stained with safranin. Collected (3) 25 Aug. '46,

fixed 9 S‘tho X 3800

Sporangium wall in tangential section showing bars of thickening.
Same material as Fig. 77. x 380.



79.

80.

80

Athrotaxis cupressoides

Pollen freshly mounted in water. The exine has not been
shed from 2 grains, but can be seen lying free beside
several other grains with their halo-like intexines. x 500.

Similar to the last. Several grains, especidlly the one out
of focus, show the wall dividing off the generative cell.
x 500,



Athrotaxis cupressoides

81. Pollen after 4 days in water. The tube and generative
nuclei can be seen in several pollen grains. Shows the
more or less spherical intexine, which has been shed by
one grain. x 500.

82, 83, Pollen after 8 days in 1i/4 sucrose. The plasmolysed
protoplasts are emerging from intexines, and each is
surrounded by a somewhat thickened intine, seen especially
in ‘Fligs 83 x 500



Athrotaxis cupressoides

L.5. ovule showing integuments, micropyle, one-cell-thick
nucellus and embryo sac with free nuclsar stage showing
nuclei congregated at the base in double layer. (9)

14 Dec. '46. x 80,

T.S. similar ovule to the above. (93 14 Dec. '66. x 80,
L.S. ovule showing free nuclei and one-cell-thick nucellus

with male gametophyte in one corner (arrow). (9) 14 Dec. '46,
x 380.



87.

88.

89.

Athrotaxis cupressoides.

L.S. ovule with nuclei of embryo sac in division. (9)
14 Dec. '46. x 380. '

Body cell, stalk and tube nuclei. (9) 14 Dec. '46. x 380,

Body cell presumably just having entered through nucellus.
(9) 14 Dec. '46. x 380.



Explanation of Figs, 90 - 95 continued -

94, Embryo with 2 multicellular tiers, and first division to
form third tier taking place. (10) 27 Jan. '47. x 420.

95, Embryo with 3 tiers of cells. -(10) 27 Jan. '47. x 420.



90.

91.

22.

93.

Athrotaxis cupressoides

8-celled embryo at end of 2 prosuspensor cells; 2 unelongated
prosuspensors and a rosette cell above. (10) 27 Jan, '47.x180.

8-celled embryo at end of 4 prosuspensor cells, with 2 rosette
cells above. (10) 27 Jan. '47. x 180.

Embeyo system with developing ehbryos without secondary
SUSpensors. Rosette tier apparently of a single cell with
4 nuclei., (8) 19 Jan, '47. x 180.

8-celled embryo showing orientation of walls. (10) 27 Jan, '47.

X 420-
Continued on opposite page.




99.

100,

Explanation of Figs. 96 - 100 continued

Cleavage polyembryony resulting from indepondent developmertt
of 4 primary cells. (8) 26 Jan. '47. x °5Q.

Single embryos from 2 systems, showing early development
of ombryonal tubes. (9) 26 Jrn,'47. x 180,



96,

97.

98.

100

Athrotaxis cupressoides
. <)

Embryo system with lobed embryogfaﬁd irregularly developed
rosettes,. (8) 19 Jan. '47. x 180.

T.S. embryo showing 4 quadrants from original 4 cells.
(9) 26 Jan, '47. x 420.

Rosette celle of 2 embryo systems shéwing development from
2 primary rosette cells. (8) 19 Jan. '47. x 250.

Continued on opposite page



102

(03

Section through two rosett ralls, each of vhich has divided
{ a3 ; .
once. (8) 19 Jan. '47, x 380.

Section of ncarly mature seed. (11) 24 Feb. '47. x 26.

Stem apex of em bryo in plane between the cotyledons. (11)
24 Feb. '47. x 400,

Stem apex of embryo in plane passing through cotyledons. (11)
24 Feb., '48. x 400,

Sub-eapical initials shaded in Figs. 103 - 4.

T.5. embryoc through cotyledons, showing fusion of cots on
one side. (11) 24 Feb.'47. x 77.



