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Preface.

THE economics of the Australian Pines have long been a subject of inguiry by many
Museum correspondents, and it was to ascertain the extent of the commercial
possibilities of these trees that this research was undertaken,

The collection of so much material upon which the results are founded,
necessarily extended over a number of years, but the time taken for these investi-
gations has been much longer than we could have wished ; for in addition to
carryving on this work, the ordinary routine duties of the Museum have taken up
most of the official hours, so that we had to encroach largely upon our private
time.

To arrive at the economic results now offered for industrial application,
it was, of course, necessary that pure science should be made the foundation upon
which all the superstructure could be built, and, hence, this portion of the work
forms a large part of the whole ; for pure and applied science are largely interdepen-
dent, and it is only by such an association that satisfactory results can be
obtained.

This research, as in our work on the Eucalypts, has been a combined one,
in that, botany, in its various branches of morphology, anatomy, physiology, &c.,
has been linked with chemistry; and naturally so, we think, for it is only thus
that afinitics and differences can be ascertained with the greatest degree of
dccuracy.

The coalescing of these two sciences characterises the whole scheme of
these investigations,

The material upon which these results have been obtained is preserved in
this Museum for reference and use of future students and workers,

The skill of the botanical draughtsman has not been laid under tribute on
this occasion, as most of the plants and their parts, requiring to be illustrated, were
too fine for pencil work, so that with one or two exceptions the aid of photography
was requisitioned for the illustrations, and in this way nature itself has been more
faithfully reproduced.

In order to more particularly differentiate the respective plant tissues in
some cases, than that obtainable by ordinary black and wlhite photographs, the
maodern process of natural colour photography has been employed.  As this method
of reproducing micro-sections of plants is comparatively new, some little difficulty
was experienced at first, but soon overcome, and now the results, we think, justify
our venturesomeness in this direction, for by careful manipulation on the part of the



wiil

photographer and printer, the cutting out of anatomical details by the colour
screens has been quite obviated ; whilst the colours aid in differentiating the various
tissues and structures—the cell walls in the most minute cases being well defined.
The genus Callitris has been dealt with somewhat more fully than the
others, for the reason that, next to Fucalyptus, of the Myrtaceous Order, it is
probably the most important in Australia, having a more extensive geographical
distribution than any other genus of Australian Conifers. It has thus been
possible to obtain more comprehensive material from its several species, and so
have been exploited nearly all the known species of Caflifris growing in Australia
and Tasmania, whilst material of some of them has been procured from remote
localities, and has been collected at various times of the yvear. By working in so
extensive a field it has been possible to determine the correlation of the several
species, to rearrange their scientific sequence, and to far more widely extend
their economic possibilities.
Agatius, Dacrvdiwm, Phyllo-
cladus and Podocarpus, have also been extensively treated.

Other important genera, such as Arauwcaria, .

Although it has been possible to show a probable evolution in the species
of Callitris, vet, as regards the sequence of the several genera, it was found not
w0 easy, in view of the absence of a number from this continent ; but we have
little doubt that when the whole of the genera belonging to the Conifere shall
have been investigated on similar lines, a table of origin for the whole family will
be evolved.

We have endeavoured, so far as the material and time would allow, to
point out the several stages through which a genus has developed, to locate distinet
botanical and chemical charactenstics, and to determine those peculiar to, and
distinctive of, any particular species,

By such a method as here adopted it may eventually be possible, with
extended investigation, to discover the laws governing the formation of species,
to indicate their evolutionary processes, and thus to locate their correct place in
nature, g

We are not insensible of some imperfections in this work, but 1t 1s felt that
the time has arrived when the results so far obtained should be published. The
doubtful points awaiting solution are many, and too diverse for us to hope to
solve them during our short lives.

That we might add some new scientific facts to the world's knowledge,
and assist in the development of the natural resources of Australia has been the
incentive throughout this work .

R.T.B.
H.G.5.
Technological Museum, sydney.
June, 1910.
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Introduction

BY THE
MINISTER OF PUBLIC INSTRUCTION.

NoT without some degree of diffidence, hardly of mv own free will, do 1
come forward as official sponsor for this work on Avstralian Pines. [ feel
rather as one who would prefer, so to speak, to bring the auwihors before the
footlights, introduce them to the audience, make his bow, and retire. Nor is it
necessary to say much in recommending the work to public notice  But having
put my hand to the pen, [ wish to express my gratification at the eminently
satisfactory manner in which Messrs, Baker and Smith have carried out their
self-imposed and arduons task.

Whether from a scientific or a commercial point of view, this work on
our Pines must be regarded as one of very great value, It is the first of its
kind. The authors have entered upon quite a new field of scientific investigation.
While they have proceeded on lines somewhat similar to their earlier work on
*“ Eucalypts and their Essential Oils,”" they have dealt more exhaunstively with
individual species, treating, indeed, of the whole natural order of Coniferwe,

No such purpose had before this been attempted.  As may be seen from
a perusal of the work, the Pines of Australia are a great national asset, whose
value to the Commonwealth has never been generally realised.  Their distri-
bution over almost all parts of the continent opens up a vista of commercial
possibilities now for the first time brought into prominence.

It can no longer be overlooked that the future supply of soft woods
18 becoming 2 source of concern in many parts of the world.,  Comparatively
little of our soft-woods, it is true, are exported, but the local demand is ever
on the increase, and is rising at an accelerated rate.  To Australia any deficiency
in this respect would be a serious drawback to our national progress.

Soft-woods are so absolutely necessary in all works of construction, in the
manufacture of pulp, and for general use, that a dearth would press on enterprise
with scarcely less severity than a drought. Such varieties of indigenous timber
as Hoop Pine, Bunva Bunya, Stringvbark Pine. Huon Pine, and indeed all
rapid-growing trees, with their wide distribution, under an adequate system of
re-afforestation, might even enable Australia to become independent of outside
sources of supply and meet our own needs for all time.  The timber popularly
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known as Cypress Pine has a special value, not easily overrated. by reason of its
immunity from the ravages of the white ant.

But besides their value as timber, our Pines have other claims to
consideration from the commercial point of view. They possess important
chemical properties, vielding essential oils, perfumes, sandaracs, tan barks.

The main object of this publication is to stimulate a more lively and more
permanent interest among the general community in the scientific and commercial
possibilities of this particular section of our native flora.

No country can afford to neglect the study of its indigenous vegetation.
In that of Australia, whether for the chemist, the scientist, the statesman, the
journalist, or the builder. the study of our native trees should be a subject of
perennial interest. Here, then, 15 presented for study a field of inexhaustible
wealth.

Readers of this work will find treated aspects of the subject never before
touched npon with the same directness and completeness,

Some interesting information on our forests has been collated by the
Royal Commission on Forestry, and incidentally the distribution and quantity of
the Cypress Pine and Hoop Pine are tabulated. But in the present volume the
subject i1s comprehensively dealt with. The work is profusely and finely
illustrated. It cannot fail to be of great assistance to all interested in the study
of Australia’'s Pines, their classification, and the great variety of uses to which
the timber and by-products may be put.

J. A. HOGUE.
Sydney, June, 1910,



ERRATA,

Facing page 40, Fig. 12, For “hematoxylon * read “hematoxylin,”
Page 42. Fig. 13. For “=ections™ read * section.”

Paga 46. Pig. 26. For “early ™ read * matures.”

Page 117. Fig. 84. For “transverse™ read “longitudinal.”

Facing page 136. Pig. 78, is stained with hsematoxylin and safranin.
Pages 148-149. Bendolba and Clareval should be under & calvarals.
Page 323, Fig. 230. For “normal " read “ abnormal.”

Page 324. Fig. 235. For “longitudinal” read * trdusverse.”
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THE PINES OF AUSTRALIA.

Hustralian Coniferce.

INTRODUCTION,

Tue Gyvmnosperms find their greatest representation in Australia and Tasmania
in the Natural Order Conifera,—one of the most widely distributed botanical
divisions scattered over the earth—being represented in both the Northern and
Southern Hemispheres, although less so in the latter, and of the thirty-two genera
described in Bentham and Hooker’s * Genera Plantarum,” eleven are found in
Australia and Tasmania, viz. :—

TRIBE I —Cupressinee.
#1. Callitris,
. Actinostrobus,
3. Fitzroya.

| %]

TRIBE Il —Taxodice.
11. Athrofaxis.

TRIBE IIT —Taxees.
16, Phvllocladus,
I7. Dacrvdinm,
18. Pherosphera,

T'RIBE I'V.—Podocarpec.
1. Microcachrys.
21. Podocarpus.

TRIBE V.—Arancaries.
23. Agatins.
24. Arawcaria.

In all, six tribes are listed by those authors, and it will be seen that five

of these are found in the Austrahan and Tasmanian Flora.

* These numbers are those of Bentham and Hooker, foc, cf, and give the systematic sequence of the
genera i that work.

A
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It is, however, worthy of remark that although tribe VI—Abielinee
contains the genus having the greatest geographical range of the whole order, viz.,
Pinus with its seventy species, yet, occurring as it does in Europe, Asia, and
America, strange to say, it has not a single representative in these parts of the
world, and so could not be included in this research.

The genera Callitris, Aclinostrobus, Athrotaxis, Pherosphera, and Micro-
cachrys are quite endemic, whilst Fifzroya occurs in Tasmania and Patagonia, and
Podocarpus 1s distributed nearly all over the tropical and sub-tropical regions of
the world, as well as in Australia and Tasmania.

Agathis 1s represented by only the two species which occur in Queensland,
and so this genus may perhaps be more regarded as a native of New Zealand,
Malava and Fiji. Two species of Araucaria find a home in this island Continent,
although the genus, however, extends to New Caledonia, Chili, Bolivia, and Brazil.

The Australian members of the Order range in size from small prostrate,
straggling shrubs, as Pherosphera, to gigantic forest trees such as Agallis or
Araucaria, and are found to occur in a variety of situations, such as the arid
interior, the depths of the gullies, and on the very mountain tops. Naturally,
under so extensive and diversified a geographical area there has been evolved
varying plant structures of self-adaptation to environment, although, on the
other hand, it has to be recorded that some of the species possess functional organs
similar to those that existed in plant life far back in geological times.

It may be stated that, as a general rule except in the case of Microcachrys,
their frmts, leaves, mode of fertilisation, and pollination present a similarity such
as obtains amongst their congeners in other parts of the world.

This investigation, in addition to the new economics brought to light, has
also resulted in revealing some new and important anatomical, physiological, and
organographical features, as well as producing further evidence upon which some
phylogenetic hypotheses can be advanced concerning the age of the Australian
Pines, and in the case of Callitris we perhaps have the oldest living representative
of the Order.

Much systematic work, founded on morphological characters only, has been
undertaken at various times on these Conifers, by such botanists as Robert
Brown, A. Cunningham, Hooker (father and son), Parlatore, Miquel, Endlicher,
Dr. Masters, Bertrand, Van Tieghan, and Baron von Mueller. These scientists
have added much to our knowledge of the Australian Pines. Little research,
however, appears to have been done previously as regards investigating their
histology, physiology, phylogeny, embryology, and chemistry.



DESCRIPTION OF NATURAL QRDER.

This is so well and fully given in Bentham and Hooker's “ Genera
Plantarum,” Vol. I11, p. 420, that it would be superfluous to repeat it here.

FORESTRY.

In this direction the commercial importance of the genera might perhaps be
arranged in the following order:—

1. Callitris, principally for timber, bark, oil, and sandarac (resin).

2. Arancaria, principally for timber, and oleo-gum-resin.

"
-

. Agathis, principally for timber, " oil of turpentine,” and resin.

4. Athrotaxis, principally for timber and oil.

n

. Dacrydinm, principally for timber and oil.

-

v Phyllocladus, principally for timber and bark.

. Podocarpus, principally for timber.

o |

CHEMICAL CONSTITUENTS.

The oils, oleo-resins, oleo-gum-resins, gums, and resins, whilst corresponding
in some respects to those of non-Australian Pines, vet present some new and most
interesting differences in chemical characters, which are fully detailed under
the respective species.



ORDER OF INVESTIGATION.

The following is the order upon which the mvestigation of each species
has been undertaken, or at least every effort was made to carry it out in these
directions, the omissions being where material was unprocurable. This arrange-
ment holds throughout the work.

I. HisTorIcAal BOTANY OF THE SPECIES,

II. SystEMATIC DESCRIPTIONS

I1I. LEavEs AND FRrulrs:
(@) Economics.
() Anatomy.

(¢) Chemistry of the oils.

IV. TIMBER:
(a) Economics.
(B) Anatomy.
(¢) Chemistry of its products.

(d) Forestry.

V. Barx:

{a) Economics.
(5} Anatomy.
(¢) Chemistry of its products.

VI. ILLusTRATIONS, to aid in the study of the letterpress.




RESULTS.

Botanically the results of the research were generically greater than those
specifically, for the peculiarities of structure were found to be quite characteristic
of, and differing considerably from, those of cognate genera.

Chemically and economically they promise to be of great importance,
and to open up new fields for commercial enterprise.

Iide detailed results infra,

SYSTEMATIC CLASSIFICATION ADOPTED.

A classification similar to that laid down by us in our work on “The
Eucalypts and their Essential Oils,”" has been followed in this work, and the
taxonomic status of the species here recognised is supported by, —

1. A field knowledge of the trees.

2. Morphology of fruits, leaves, inflorescence, and their functions.

3. Anatomy of these organs.

4- Anatomy, nature, and character of the timber and bark.

5. Chemical properties and physical characters of the oils, gums, oleo-
resing, oleo-gum-resing, resins, tans, &c., and other evidences that
will assist in establishing natural affinities or differences in species,

Species so founded give practically constant results, and preserve specific
characters throughout their geographical distribution, and so we here again

record our faith in taxonomic work based on such principles.

It may be noted that no reference is made in the above to the distribution of the resin
cavities, as Engelman and others have done ; ihese, however, were found to occur irregularly in

the leaf tissue, so that they were practically wseless for systematic classification,
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SUMMARY OF RESULTS FROM THIS RESEARCH.

Callitris.

A re-classification of the genus Callitris and its separation from Widdring-
tonta and Tetraclings, which genera we find are restricted to South and
North Africa, respectively.

A new sequence of the species of Callitris founded upon the broad grounds
of botany, chemistry, and other cognate sciences—a system even more
enlarged than that laid down in our previous work, ** Eucalyvpts and their
Eszential Oils,” is advanced.

The restoration of almost all Robert Brown’s and Allan Cunningham’s species
of Callitris to specific rank.

The Calltfris pines have been found to retain an intimate connection, both
in botanical and chemical characters, throughout their geographical
distribution.

A remarkable constancy of morphological characters was found to be
preserved amongst the species of Callitris,

. There is a singular absence of varietal forms amongst the Calfifris.

Phylloclades are not found in Callitris.

The cause of the decurrence in the leaves of the Callifris, and the effect of
chmatic conditions in the disposition of the stomata of Callitris species,
are suggested.

It is shown that a similar arrangement of the stomata obtains in Callitris as
existed in the leaves of Lepidodendron Hickii, of the Carboniferous period.

That similar papillose projections surrounding the stomata in certain species
of Callitris occur also in the genus Sciadopitys, of Japan.

The anatomy of the leaves of the Calltfris is fully detailed.

A general conformity holds in the structure of the leaves of Callifris species,
only minor differences in specific characters, being recorded.

Features distinctive from those of other Coniferse oceur in Callitris leaves.

i 1

The presence of a manganese compound, probably the “resin’ of previous
workers, in some of the timber cells of the Australian Coniferze, as well
as in the leaves and bark of Callitris, is recorded. This substance is found
to occur also in the lamella of the Calldtris.
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The appearance of the manganese compound in these timbers, shows a strong
resemblance to that in fossil woods of past geological times. The
anatomy of the timber of living Callitris agrees in a remarkable degree
with that figured by Baron von Mueller as Spondylosirobus Smithii, Plate xx,
Geological Survey of Victoria, ** Observations on new Vegetable Fossils”
1874. The cells here contain a dark substance corresponding to that in
living Callitris, and which is now thought to be a manganese compound.

. That a concurrence appears to exist between the anatomical characters of

the leaves of the several species of Callitris, and the chemical constituents
of their leaf oils.

The cells of the medullary rays are all parenchymatous in character, both
inner and outer.

Microscopical sections of the timber of Callifris show, in their general structure,
marked resemblances to those figured by Arber from the Nicol collection,
under Dadoxylon australe of the Palwozoic period.

The rotation of the terpenes of the oil from the leaves of some species of Callifris
is in the opposite direction to that obtained from the fruits, even if collected
from the same tree.

The acetic ester of geraniol is more pronounced in the leaf oils than is that of
borneol, and it continues to increase in the several members of one section,
until a maximum of over 6o per cent. is reached in the oil of C. Tasmanica,

. An ester of terpineol was found in the leaf oil of C. gracilis.

. The limonenes and dipentene occur in the leaf oils, the dextro-rotatory form

reaching a maximum in C. arenosa, and the Levo-form in C. fufratropica.
In these oils 15 seen a well-defined illustration of the formation i nature
of the two active forms of limonene in the same plant, as well as the racemic
modification.

The leaf oil of €. Macleavana contains a constituent which has a marked
resemblance to menthene, and is apparently a member of that group of
hydrocarbons.

The leaf oil distilled from some species of Callitres is comparable with the best
“ Pine-needle oils "' of commerce.

The oil obtained by steam distillation from the timber of the Callitris generally,
contains the sesquiterpene alcohol Guaiol in some quantity; the sesqui-
terpene is also present.

The charactenistic odour of Callitris timber is due to a phenol. This has
distinctive colour reactions and is evidently new. It appears to be the
constituent which renders Callifris timber objectionable to white-ants.
The name Callitrol 1s proposed for it.
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27. Callifris resins are shown to vary somewhat in character in the different species,
but several of them agree, and are of equal value with the sandarac resin
ﬂf Comimmerce.

28. The barks of some Callitris species are of excellent quality as tanning materials,
and often contain abundance of tannin. Here has been discovered a new
national asset in the wvast supply of a valuable material for the leather
industry.

20. That the Callitris should rank as one of the most important of Australian
pines for forest culture, not only for timber, the chief feature of which
is its immunity from the attacks of termites. but also for other economics
such as oils, barks, sandarac, &c.

Actinostrobus,

30. Additional evidence is adduced to further strengthen the claims, if any doubt
existed, of these pines to generic rank, and to emphasise their isolation
from their congener Calfitris; and it is now proposed to place them in
botamical sequence, in proximity to Adrauwcaria and Agathis, by regarding
the bracts of the cones as sternile sporophylls.

3I. The principal constituent of the leal oil is pinene, which has a very high
dextro-rotation .

32. There appears to be an entire absence of limonene in the leafl oil, thus
markedly separating it from those of the Callitris.

33. The ester in the leaf oil is almost entirely geranyl-acetate. In this respect
it shows a relationship with the oils of certain Callitris.

Athrotaxis.
34. The chief constituent of the leaf oil of this tree is a highly dextro-rotatory
limonene, the specific rotation being 112.2 degrees.

35. Dipentene is quite absent in the leaf oil, and in this respect it differs entirely
from those of the Callitris.

Araucaria.

36. A very marked botanical difference exists between the two species recorded
for Australia, viz., A. Cunninghamii and 4. Bidwilli, the latter showing,
as far as we have been able to investigate, a much closer connection with
A. rmbricata of South America than with the former.
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The characteristic structure of the barks shows anatomical features distinctive
from that of any other Australian Conifer.

. The results here recorded further emphasise the great value of these trees for

forest cultivation. Being endemic to the Continent, they would provide
a splendid supply of soft-wood timber for future use by proper sylviculture.

The ail obtained from the latex of A. Cunninghamii contained a hydrocarbon
of the C H,, series, and possibly of the C H,. also.

some of the chemical compounds of this plant are evidently formed, or at any
rate the process completed, in the root portion of the tree, as the supply
continued after the upper portions of the trees had been eut down.

The resin from the latex of A. Cusnningliamii closely approaches, In appearance,
the sandarac resin from the Callitris. It consists largely of two acids, one
of which is identical with one of the acids in the resin of Agatins robusia.

Manganese was present in the latex of A. Cunninghamis and was precipitated
by alcohol together with the gum. It changed, however, to the higher
oxide on drying the gum precipitate.

The gum of the latex closely approaches that of gum-arabic, and differs in
some respects from that of A. Bidwilli.

The exudation of A. Bidwilli consists almost entirely of a carbohvdrate allied
to ordinary gum. Although soluble in water, it was rendered quite insoluble
by agitation with ordinary ether, a reaction which does not appear to take
place with the gum of A. Cuwnninglamii,

Resins and essential oils were almost absent in the exudation of A, Brdwilfi.

Agathis.

.'Ifl 5

47-

That a close botanical alhance exists between the Australian species A, robusta
and those of the Pacific Islands and of New Zealand.

The microscopical sections of the timber show features which bear some
resemblance to those of Adrauwcaria, but vet have some points of difference.

48. The exudation of this tree consists of an oleo-resin, containing some gum, and

49).

50,

the essential oil is practically identical with ordinary American oil of
turpentine.

The exudation alse contains a manganese compound precipitated with the
gum, and it thus agrees, in this respect, with the latex of Arancaria
Cunninghamir,

The resin consists principally of two new acids.



Io

Daerydium.

s1. A strong botanical resemblance of this Pine was found to those of the same
genus growing in the Pacific Islands.

52, The principal constituent of the leal oil is a terpene, which appears not to
have been previously recorded.

3. The methyl-ether of engenol occurs in the leaf oil of this species.

o

+. The steam-distilled ol from the timber of this tree, and to which the odour of
the wood is due, is composed mostly of the methyl-ether of engenol.

n

Pherospheera.
55- A further extension of the geographical range of this genus in New South
Wales 1z shown.
50. The principa’ constituent of the oil of this delicate prostrate Conifer is pinene.

57. The sesquiterpene cadinene is also a pronounced constituent of the oil.

Phyllocladus.
58. The morphological, anatomical, chemical, and foliaceous character of the
Phylloclades are fully detailed, and as the leaves are quite degenerate organs

in the species

, their functions are thus performed by proxy as it were.

50. The substance of greatest interest oceurring in the 'eaf (phylloclade) oil of this
tree iz a solid, readily crystallisable diterpene; it is dextro-rotatory, and
melts at g35°C. The name Phyllocladene is proposed for it

60. Pinene occurs in quantity in the leal (phylloclade) oil and practically in a

pure condition.

b1. The bark contains both tannin and a glucoside having dveing properties.

Podocarpus.
Bz, The microscopical character of tlus timber differs from that of Aramcaria, or
of Agathis, but resembles more generally that of Callitris.  Macroscopically
it differs from them all.

General,

b3. A botanical survey of the Pines of New South Wales is now given for the first
time.
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THE GENUS CALLITRIS.

Vent Decad. (1808), 10.

THE AUSTRALIAN CYPRESS.

(Syn. :—Frenela, Mirb.; Fresnelia, Steud.; Leichhardtia, Shep.; Pachyieps,

Brongn.; Ocloclinis, ¥. Muell, ; Parolinia, Endl.)

LIST OF HEADINGS OF ARTICLES :—
I. Historical.
I1. Systematic,
I11. The arrangement of Calfitris species in order of sequence,
IV. Comparative anatomy and phylogeny.
V. Foliation.
VI. Phyllotaxis.
VII. Histelogy of the leal.
VIIL. Movements of the leaves.
1X. General remarks on the leafl oils,
M. The cone,
X1 The cone valves,
XII. Origin of the * spur " on the scales of the cones.
XIII. Probable function of the central eolumn (columella).
XIV, Angiosperms-v.-Gymnosperms,
XV, Timbers—
a. Macroscopical,
b, Microscopical,
¢. Eeonomics.
XVI The phenol and determination of the oil from the timbers,
XVIL. The occurrence of guaiol in the timbers of the genus.
XVIIL. Bark—
Microscopical.
XIX. The tanning value of the Callifris barks.
NX. Sandarac resing of the Callitris.
XX Occurrence of a manganese compound in the Australian Conifere.
XXIL Individual species :—
I. C. robusia, L.Br.
2. C. duberewdata, R.Br.
3. €. verrncosa, R.Br.
4. C. propingna, R.Br.
5. C. glawca, .Br.
6. C. arenosa, A. Cunn.
7. C.intralropica, Benth. et Hook, L
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8. C. gracilis, R. T. Baker.
. cafearala, B.Br.
> rhombordea, R Br.

0.
10,
11, . Tasmanica, Nobis,
. Drwmmondis, Benth. ¢t Hook. I.
13. C. Roei, Endl.
14. €. Morrisoni, K. T. Baker.
{
i
{
{

15.
I,

. Muelleri, Benth. et Hook, I,
~oobfonga, Rich.

7.
13,

. Macleayana, Benth. et Hook. 1.
. sp. wov,, Nobis. Not placed.,

I. HISTORICAL.

THis genus was established by Ventenat in 1808, but there is nothing, or rather
no specimen extant, to show upon which Australian pine the name was bestowed,
as he mentioned no species, and so it is not now known upon which tree he founded
the genus. It is, however, conjectured by several authors to be C. enpressi-
formis which is now recognised as C. vhomboidea of Robert Brown.

Mirbel, of the Paris Herbarium, thinking Ventenat's name of Calfitris too
closely resembled in sound that of Labillardiere’s genus Calythrix of the Myrtaceous
Group of plants, substituted the name of Frenela, but this has not found acceptance
with recent botanists, nor can it stand by the law of priority, and so it has to give
place to the older nomenclature,

It was originally intended to include under Callitris the North African pine
Thuja articulata,—the C. guadrivalvis of Richard, and Frenela fontanesii of Mirbel,
but after examining complete botanical material of this tree we were convinced that
the differences were so important as to be worthy of generic classification—an
agreement quite in accord with the researches of Masters (° Jour. Linn. Soc.,
Lond.,” Bot., Vol. XXX, No. 203, p. 14), who also regarded it as distinct under the
genital name of Tefraclinds articulata, following the sectional name Tetraclinis of
Bentham and Hooker, ** Gen. PL""  In fact, Dr. Masters, loc. cif., also supports
the separation of the South African species of pines from the North African and
Australian, under Endlicher's name of Widdringfonia.

To Mre. D. E. Hutchins, Director of Forests of South Africa, we are much
indebted for material of the pines of South Africa, for comparison with the
Australian Callitris ; the result of our examination is that we are in accord with Dr,
Masters' views, as his classification appears to be a rational one, for no plant with
the actual characteristics of the Australian Callitris has so far been recorded from
either North or South Africa, or, in fact, from any part of any other continent
but this.
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The name Caflitris sinensis given by A. Tschirch (Die Harze und die Harz-
behilter, p. 536), and occurring in other technological works, probably refers to
Cunninghamia sinensis, as the Kew authorities inform us that they have no record
of such a species as Callitris sinensis®

IT. SYSTEMATIC.

The following is our synopsis of the three cognate genera :—

[. Tetraclinis. North Africa.

Cone vifres—y, thin, small, free ends of valves more obtuse than in Calfifres,
Branchlets—~Hfattened.
Leares—small, decurrent, in whorls of 4.

1. Widdringtonia. South Africa.

Cone nfves—yg, very thick, free ends of valves truncate,
Hranchicts—terete,

Leaves—-opposite, decussate,

III. Callitris. Australia and Tasmania.

Cone vifves—0-8, thick, free ends of valves ]mitnh'l! or acite,
Branchiets—tercte.
Leaves—small, decurrent, in whorls of 3,

The Caflitris are either trees or shrubs and rarely attain a great size; the
ultimate branchlets being ridged by the decurrence of the leaves,

The bark 1s mostly hard, compact, furrowed, persistent, and extends to the
branchlets ; it is, however, loosely fibrous in €. Macleayviaina.

The normal leaves are in regular whorls of threes and almost wholly
decurrent, only a small triangular portion at the upper end being free, and which
is either incurved or appressed ; the primordial leaves are triangular in section,
with only a small portion attached to the stem.

The Howers are monwcecious, The male amentum solitary, or in twos or
threes at the end of the branchlets. It is evlindrical, oblong, or ovoid, the sporo-
phylls being imbricate in whorls of three or four, and having an ovate,
orbicular, or shghtly peltate scale-like apex, with the anther cells varyving in number
from two to four.

*Adter the above was in primt I, Hl,n,||| informs us that this name his oo fonndation whatever, and  than
he intends to write & note on this suliject in the Kew Halfeliv,
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The female amentum consists of six or eight sporophylls arranged in two
whorls, with several orthotropous ovules arranged in three or more vertical rows
on the upper surface at the base of the sporophyll.

Bracts are quite absent.

The fruiting cone varies in size according to the species, the prevailing
forms being globular, then ovoid or pyramidal; valves are united at the base
in the same plane mnto a single whorl, the alternate ones are mostly smaller,
valvate, rarely overlapping, dehiscent, and pointed at the apex, just below which
is a dorsal point, more or less developed in each species.

The seeds are fairly numerous in each cone, numbering from 25 to 4o.  Their
disposition in the sporophyll has already been given. Both fertile and sterile seeds
have either two or three wings, and it is not easy to differentiate, morphologically,
one from the other. The hard integument so protects the cotyledons that it
requires at least many months before they germinate in the soil.

The genus has a geographical range extending throughout Australia and
Tasmania, the most widely distributed of the genus being the White or Cypress
Pine, C. glawca, R.Br., and the Black or Cypress Pine, C. calcarala, R.Br.
Commercially, therefore, these are the best-known trees, the former taking
pride of place as regards its timber, and the latter for its valuable bark. Other
data of a scientific and economic nature are given under the respective species.

Bentham in the ** Flora Australiensis "' reduces the number of species to
nine for the whole of Australia and Tasmania, whilst Baron von Mueller in his
second " Census,” by restoring €. verrucosa and €. columellaris to specific rank
and synonymising the two species of Actinostrobus under this genus, enumerates
twelve species.

As the result of this investigation we find the genus divides itself into
eighteen species, t.e.:—

C. robusta, R.Br.

. tuberculata, . Br.
. verrncosa, R.Br.

. propingua, R.Br.
. glawca, R.Br.

i
oo

o Lh

. arenosa, A, Cunn.

. tnfratropica, Benth. et Hook. f.
. gracilis, R. T. Baker,

. calcarata, R.Br.

. rhomboidea, R PBr.

=l
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.

11. C. Tasmanica, Nobis.

12. . Drwmmendii, Benth. et Hook. {.
13. C. Roei, Endl

4. C. Morrisoni, &. T. Baker.

15. C. Muelleri, Benth. et Hook. f.

16, €. oblonga, Rich.

17. C. Macleavana, Benth. et Hook. f.

18. €. sp. nov., Nobis. Not placed.

It was expected that a number of varieties would have been found
amongst these species, extending as they do over very wide geographical areas,
but such is not the case, and no genus could have less varietal forms, or more
well-defined species than Callitris. But in this connection it must not be
forgotten that this wide geographical area does not present in some instances
great environmental differences, a correlation, so to speak, of circumstances which
no doubt accounts for uniformity or constancy of species of the genus—a character
also common to our FEucalvpts, as shown in the * Research on the Eucalypts and
their Essential Oils.” A sfafus gno extending over an enormous period of time
probably produces such a constancy.

EXCLUDED SPECIES.

The following species are given in the “ Index Kewensis,” Fas. I. 389, as
Australian species, but as no literature or material of them appears to be extant,
or at least in any of the herbaria visited by us, and as Heynhold only gave names,
they may be regarded as womena nuda, and so have been excluded from
this work.,

C. conglobata, Sieber ex Heynh. Nom. i, 148. There is a seedling speci-
men in the Brussels Herbarium, labelled “ C. conglobata, Herb.
Martii. 1826 It is too immature for systematic placing.

C. elegans, Sieber ex Heynh. Nom. i, 149.

C. montana, Sieber ex Heynh. Nom. i, 1449.

III. THE ARRANGEMENT OF THE CALLfTRIS SPECIES IN
ORDER OF SEQUENCE.

In working out the taxonomy of the species of this genus, advantage was
taken to employ the aid, where possible, of the several cognate branches of
science in order to establish a classification founded as near as possible on a
natural basis, and thus not relying alone on one special set of characters or features,

In this particular instance, morphology, chemistry, ecology, physics, and

anatomy were laid under tribute, and the result is given in the table below.
k
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It will be noticed that an attempt has been made to associate the morphology
and histology of the leaf with the chemical constituents of the oil oceurring in
the respective oil cavities of the different species.  Owing to the leaves being so
small, and the absence of veins on their surfaces, this field of observation was
wanting, and it was further found that no help was given by the disposition of
the leaf bundles, as indicating the characteristic chemical constituents of the oil,
as was shown by us to obtain in the genus Euwcalvpius. Botanical instances of
agreement with the oil had therefore to be looked for in another direction, and
by studving the anatomical structure it was found, in the material examined by
us, that the species divided themselves fairly well, both botanically and chemically,
into groups, according as certain recognised bodies that generally go to make up
leaf substance were absent, present, or in abundance in the leaf tissue. Thus,
those species having abundant transfusion tissue, and little or no sclerenchy-
matous or stone cells in the leaf substance, had the predominant limonene in
the leaf oils in the dextro-rotatory form. This group included—-

. robusta.
. TEFFICOSA.

. propingua.

. slauea,

e

. AFENOSA,

The next class includes—
C. infratropica.
. gracilis.
C. calcarata.
C. rhomboidea,
C. Tasmanica,

in which the transfusion tissue is less developed, or the cells not so numerous,
while the sclerenchymatous or stone cells gradually begin to appear amongst the
parenchymatous tissue, in a small cluster between the phloem of the leaf trace
and the oil cavities of the first group, and then gradually increase in number in
the succeeding species, where they are conspicuous figures in the spongy portion of
the mesophyll, and reach their maximum in C. rhomboidea. In this class the
predominant limonene in the leaf oil is levo-rotatory.

In the remaining species—
. Drumpmondii,
C. Roed),
. Morrisont),
C. oblonga,
C. Muelleri,
C. Macleavana,




Iy

these special cells occur largely in the mesophyll, although gradually diminishing
in number till C. Macleayana is reached, when they appear in both forms of the
mesophyll, and most pronounced amongst the parenchymatous cells in the neigh-
bourhood of the leaf bundle and oil cavity, which mode of occurrence adds another
evidence of the isolation of this species from its congeners. The principal terpene
in the leaf oil of this group is pinene,

From these observations it would appear that there exists some connection
or agreement between these bodies which go to make up the leaf substance, and
the chemical constituents of the oil, and it is scarcely to be expected that those
Callitris species, whose leaves give an oil in which the dextro-rotatory limonene
predominates are identical in all their structural characters with those species in
which the predominant limonene is levo-rotatory. The maxima of the rotations
of the limonenes in these trees are reached by slow gradations through the
several species, and this evidently indicates constructive peculiarities in the leaf
arrangement, even if not in the structure of the whole tree.

The method by which living plants construct the wvarious asymmetric
chemical substances is at present practically unknown, but there seems no reason
why systematic study in this direction should not eventually be rewarded with
as satisfactory a result as has been the investigation of the asvmmetric compounds
themselves,  In whatever direction the forces of nature have exerted their
influence in the construction of these active forms, it can hardly be without
leaving a corresponding impression upon the plant tissue itself, so that a close
connection between the chemical and botanical phenomena of the leaves of the
several species of Callitris must be present, and its identification is here attempted.
To successfully trace the evidence leading to the selective formation of these
asymmetric terpenes in the several species of the Callitris would add considerably
to our knowledge in this direction. Since the time when Pasteur advanced his
views upon this question of optical activity, a considerable amount of work has
been undertaken in the endeavour to add to our knowledge in this direction,
but, so far, with no very certain results.*

There appears to be a considerable break, both botanically and chemically,
in the sequence connecting . Macfeavana with the other Callifris, and this
* Stringyvbark Pine " is evidently located at the end more nearly approaching
the Araucartas. Whether Araucaria is the older genus or not, there 15 at present
insufficient evidence to decide, but the distance separating these two genera is
not great.  They are both of considerable age on this continent.

* Helerences to much of this work, together with a bibliography, are given by A, W, Stewart in his work on
Sterec-chemistry, London, 1907, We would alsa direet attention to the address on this salsect by Professor F. R,
Japp, before the Brtish Association in 1808, and the sabsequent crticisms theceon, pubhshed i Nature,” Vols, 58
and 5o
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TaeLE showing the probable evolution of Callitris species, as indicated by the
morphological, anatomical, and chemical results obtained during this research.

C. robusta (W.A)T

C. verrucosa

(NSW. & CANY

C. tuberculata® (W.A.)

C. propingua (5.4.)

C. glauca (N.5.W.)

C. arenosa {N.5.W.)

e T ey
GROUP L.

More or less tuberculate
fruits, and a convex dorsal
leaf surface. Sclerenchy-
matous or stone cells are
mostly absent in the leaf

tissue,

The predominant limo-
nene in the leaf oils is dex.
tro-rotatory.

NS W.=New South Wales,

C. intratropica

(N.AL)

C. gracilis (N.5.W.)

C. calcarata (N.5.W.)

C. rhomboidea (8.5, W.)

C. Tasmanica (NSW. & T))

—— —

Lo = — e
GROUP II.

Generally smooth fruits
and angular or
dorsal leaf surface. Scle-
renchymatous cells in the
leaf tissue are in excess of
the species in Group 1.

rounded

The predominant  limo-
nene in the leaf eils is
levo-rotatory.

WA= West Australia,
N.A.=North Australia.

S.A. =South Australia.
C. A, =Central Australia.

I.
l

C. Druommondii (W.A.)
C. Roei* (W AL
C. Morrisoni®* (W.A.)

C. oblonga (T.)
|

C. Muelleri (N.5.W.) |

C. Macleayana (N.5.W.)

Leading to Araucaria

through Actinostrobus,
e e e

GROUP III
Generally smooth fruits,
and angled dorsal leaf
surface. Sclerenchymatons
cells occur plentifully in the
leaf tissue, especially in €.
Macleayana.
The principal terpene in
the leaf oils is pinene.

T. =Tasmania.

* Placed tentatively, as it was not possible to obtain material for chemical investigation.




THE PiNeES OF AUSTRALIA,

Group L

Leal anatomy illustrating the arrangement of species in Table,  The probable evelution
of the Callitris.
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Group 1L,

Leal anatomy illustrating the arrangement of species in Table,—The probable evolution
of the Callitris.
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Group Il

Leal analomy illusirating the arrangement of Species in Table, The probable evalution
of the Callitris.






IV. COMPARATIVE ANATOMY AND PHYLOGENY OF THE
GENUS CALLITRIS.

A large amount of histological work has been done by European and American
botanists on the various groups and genera of Conifers, but the Australian genera
in general, and this genus in particular, have received least attention of all. This,
is probably due to the remoteness of this continent from the centre of old-world
scientific activity, and also the difficulty presented to them of obtaining material ;
consequently, any descriptions of the anatomy of these groups of Gymnosperms
will, no doubt, prove of interest, covering as they do quite new ground.

The investigations in this direction were not undertaken so much from a
phvlogenetic point of view, as to ascertain whether or not anatomical characters
would prove of assistance in systematic work, i, differentiation of species, for
in this work, as stated previously, the species are founded on even a broader basis
than that laid down in the previous published work, * Eucalypts and their
Essential Oils.”

The results will be found under each species, but they have not rendered
all the assistance anticipated from a taxonomic point of view, nevertheless they
have produced some novel features most interesting in themselves, for instance,
1) the showing of a similar
disposition in some of the sto-
mata of the species to those |
of Lepidodendron Hickii, as |
figured by Scott (% Studies in I
Fossil Botany,”" Pt. I, p. 100),
2) the proving of the secre-

ory bodies to be cavities n
t ry I [‘il s Lepeatodendran fickis  Tranwesse section of leal.  #b, vascolar busedle

- a1 e ] . v it oo i i o Tummows
form ind  not canals as wome of the Luge clements round it constitute the ransisionstawsue ;5
T S i i which the siomann are placed, = o, 5 Coll oo (G T. Ga) 4% _5: d,‘,f?-

obtains in exotic pines, (3 the
identification of a manganese
compound in the wvarious
plant tissues, probably the
“resin '’ of former workers in

Conifers, as 51|I'!'+'It]_‘|.' stated, Lapidadendran ik Fprdermisof lead, with stomata. = abous 300,
and (4) the uniformity of the bl G N0 fp SoEE
ray cells, e

The oceurrence of this manganese compound or so-called * resin ™" in  the
cells of the medullary ravs of Callitris timber finds a parallel in the Cretaceous
Pitvoxvia of North America, as illustrated by Jeffrey and Chrysler (* Bot. Gaz.,”
42., 1-15 July, 1906),
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Sections of Callitris leaves showing the disposition of stomata to be identical with that of
Lepidodendron Hickii of the Carboniferous period.
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Macroscopically the timbers of the respective species present no charac-
teristic features that render identification easy under all circumstances, and
microscopically, also, there appears to be only minor points of differences.

EEvidences of the geological age of the genus are not, so far, very many, and
what there are rather point to an origin probably older than the Arancarias,
and we are inclined to think that further palzontological rescarches will reveal a
much older age than that now assigned to the genus.  Ettingshausen ( Tertiary
Flora of Australia,” p. go, pl. viii) records it under . prisca, from Vegetable Creek,
Emmaville, New South Wales, in the Tertiary Period.  According to Masters,
Unger records it as Focene,

V. FOLTATION.

After the cotyvledons burst forth through the testa, the plumule gives place
to a cluster of small pyram’dal-shaped leaves which may be classed as primordial ;
these, with the growth of the central stem, are developed at diminishing intervals
in whorls of threes, having a maximum length of 1} inch, and it is this characteristic
leaf that obtains during this period of the life history of practically all the species
of the genus.

When the voung plant has grown to the size of 3 or 4 inches, and as the stem
develops, the length of the leaves appears to become less in each whorl, but this
diminution in length is rather apparent than real, for it is not that the leaves are
so much shorter, but that a much larger proportion of the leaf has become

decarrent or concrescent on the central stem.

The normal leafl has, therefore, a very large proportion of its length running
down, or adnate to the stem, this part being called by some anthors the concres-
cence ; in fact, the free portion regarded by some as the true leaf, forms only a very
small fraction of the leaf substance, and is sometimes designated * leal scale.”
The leaf, however, as understood by us, includes the whole of the decurrent or
concrescent portion as well as the free end, the former certainly, as that has a
true leaf origin and contains as well the essential organs of a true leal, such as a
vascular bundle, the transpiration and assimilating surfaces, chorophyll cells, oil
glands, &c. ; the free-end portion is certainly wanting in some of the most essential
of these organs that go to make true leaf structure (vride numerons figures given
under the species to illustrate these remarks), and so cannot be classed as a leal.

Under certain, or most favourable, conditions the three concrescences of
the whor] coalesce into one whole, forming as it were a kind of pyramidal com-
pound leaf, and almost a perfect triangle in section, just as in some instances of
the genus Pinus, f.e., P. cembra, P. Donnel-Smithir, &c., as shown by Masters,
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(“ Linn. Soc. Journ.” Vol. XXXV, No. 248). Such an arrangement produces a
flat, exposed, transpiratory surface, as distinet from the concave, eryptic surfaces
usually obtaining in the concrescent leaves of the whole genus.

Callitris  trees, however,
growing under the wusual
climatic conditions prevailing
in  Australia, have leaves
characterised by a marked
concrescence  or  decurrence
on a central stem, and each
leaf separated by a narrow

/ passage formed by the ventral
surfaces, the edges of which
appear to have the power of
opening and closing the chan-
nel thus formed, and exposing
the stomata to light and air,
or shiclding them according
to the exigencies of favourable
or adverse climatic changes.

Several theories have been
advanced to explain  the
reason for this decurrence
in plants, more especially in
Conifers, and according to
Masters (* Journ, Linn. Soc.”
Vol. XXVII, Bot. No. 183-
184 Mechan * considers that
this adnation is specially
characteristic of vigour, while
the free leaves indicate a
state of weakness and arrested
growth ' ; and Masters agrees
with this wview and then

T e\ lioe tromm. I Toavca: 13 Ser Tk states, * But if the distinction

e between growth and develop-

ment be kept in mind, it

would seem that the concrescence is an indication of arrested and irregular

development associated with disproportionate rapidity of growth. In the free

leaves the balance between growth and development is preserved, the base of
the leaf is symmetrical and the parts are all in regular proportion.”
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Whilst agreeing in a measure with the opinions of these authorities, yet,
to us it appears that the physiological significance of this leaf decurrence, is a
provision of nature to ensure protection against excessive transpiration by the
stomata, and so prevent a loss of water through the activity of these organs.
This furnishes an-
other illustration of
adaptation to physi-
cal conditions or en-
vironment. It is
only on some coast

varieties  that the

-
=il e i

decurrent channel is

absent,

By such an ar-
rangement, a  too
energetic ;':m:-'.pi ra-
tion can be obviated

S
")

-
—

during  times  of

s

drought, when the
soil  has  scarcely

sufficient  moisture ! 4

for the ftree's re- : r/ff,
quirements, for the ; ; b
leaves, by taking a \ N |
decurrent  form, 2 \\. \"-‘,% / .rf
place the stomata \ '\x g’ ;-

NN

surfaces on a fixed h
under side, and at N\
the same time are &

further protected, if \_‘_‘\’
-..\, LA

necessary, by the

\ A
&l l;_;w; of the con- \ g :
crescence acting as a g : %
- :
door to the channels
thus formed, a move- e

ment  which  would
also, most probably,
be brought into use during wet weather.

The absence of palisade parenchyma and the finer structure of the type
material, of the ventral surface, are aiding factors in this instance of leaf movement.
As we see that nature responds to climatic adversities in xerophilous plants by
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developing forms of vestiture such as pilosism, wax, &c., or creating an essential
oil in the leaf texture, so in this section of Conifers a concrescence of the leaf gives
the desired security, and consequently these trees can, and do exist in the arid
interior of this Continent, where other trees not so provided by nature, might
perhaps die. Vide remarks under C. glawwca re movement of leaves of Pinus
halapensis under climatic influences, and also remarks to account for the
decurrence of Callilris leaves).

Such a security is not by any means novel, for, as stated above, Lepido-
dendron Hickit of the Carboniferous period shows similar furrows in which stomata
are placed as in our Callifris.  Does this feature point to a similar climate in those

bvgone ages as that existing with our Callitris
to-day, viz_, that of a comparatively arid nature?

The free portion of the leaf would appear to
vary in length in proportion to its exposure to
light, for it is found that the long, pyramidal

I leaves occur only in the lower, shaded branches,
or on trees overshadowed by larger ones;
: the small, appressed, free portion of the leaf
occurring wherever the branchlets are exposed
to the full light of day.

Venation as understood in phanerogams is
practically wanting in the ieaves of the Caffifris,
there being an entire absence of surface veins
such as is found in the usual lamina or blade of
an ordinary leaf.  The mid-rib is indicated by

Figare 3.—An cacly branchict showing gradation 3

from iree to decurrent leaves of a Cal
Nat. size

the very small vascular bundle at the base of
the concrescence portion, and midway between
the two lower concave surfaces. The leaves of
Callitris may, therefore, be regarded as homomorphic, the apparent dimorplism
being due to a long or short attachment to the stem, or perhaps, more correctly
in this case, the stele, and, as stated previously, primordial leaves proportionately,
have just as small a decurrent portion as the normal leaves have a free end.

Morphologically the primordial leaves may be described as pyramidal, and
in section triangular thronghout, although in the case of the concrescent leaf it
is reallv only the free end that retains that form.

As regards adnation applyving to the normal form of leaf, €. Macleayana
in some instances forms an exception to the rule, as free, pyramidal leaves
obtain almost throughout the whole life of a tree in some cases, so that it is
perhaps hardly correct to designate these leaves as primordial, in fact, it was
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this condition of affairs that led to the recording of €. Parlaforer and . Mac-
leavana as distinct species, the former species having trees placed under it, which
had not the fong pyramidal free portion described under the latter Pine; the
environment and other causes in each case, no doubt, favouring the growth of
each particular form of leaf.

This decurrent portion of the leal may be described as having three sides,
that is excluding the attached one,—the latter portion, adnate to the branchlet
not be ng regarded as a side in this case, and the former part may be said to have
two concave ventral surfaces and a double convex dorsal one, or in section the
whole pentagonal. In the earliest leaves the junction of the dorsal and ventral
sides in each whorl are approximate, and at certain times touch, but as the
branchlets increase in circumference, the decurrent portion increases in length, in
some cases up to 1f inches, and, at the same time, becomes more and more removed
from its previous contiguons sister leaves, and remains on the stem as longitudinal
green stripes for an almost indefinite period.

The maximum length probably occurs in the “Weeping Pine,” and the
minimum in C. glawea. The decurrent portion of the leal is very persistent

and retains its chlorophyll for three or four years, or even longer.

VI. PHYLLOTAXIS.

The arrangement of the leaves of the several species of this genus needs
only a few remarks, for without exception they are homotaxis, in regular successive
alternate whorls either in the spreading, horizontal, free stage, or in the decurrent
condition. In no instance are they spiral.  Each whorl invariably consists of
three leaves.

VII. HISTOLOGY OF THE LEAF.

Here was found a new field for study, as very little if any research appears
to have been undertaken in the past on the anatomy of the Caflitris leaf, for
most of the work on Conifer genera deals with material other than this Australian
genus.

The part of our investigations on this organ at first presented some diffi-
culties, as the free ends were taken for examination, and like previous systematists,
we had regarded these as the true leaves. But one mm. being the maximuim
breadth, it was found that in this small area the variety of cell structure is very
limited, there also being an absence of certain leafl essentials.  Attention was

next turned to the concrescence in the search for these missing elements, and
there they were found.
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The histological investigations of the leaf scale, or free portion of the
leaf, were discarded for the true leaf, i.¢.,—that which included the free as well as
the decurrent portion, the latter being the leaf proper and upon which the results
recorded under each species are founded.

It was hoped that at least one purpose would be served by investigating
the structure of the leaves, viz., that some assistance would be rendered the
systematist in the differentiation of species by employing the aid of histological
structure, but the results were not quite so fruitful as expected.

The sections examined showed morphological differences,—the contour of
the decurrent portions varving in different species, but these variations were
not sufficiently constant for a systematic reliance to be placed upon them in all
CASEeS,

One of the principal features brought to light was that the outer or dorsal
surface of the leaf was almost invariably assimilatory, and that correspondingly
the ventral surfaces were transpiratory,—the stomata being arranged along the
under surface in the passages formed by the overhanging edges of the concrescence,
and only a few were found on the inner surface of the free end at the base,
their presence in this position evidently accounting for the incurving of this portion
of the leaf as a means of protection. The outer convex surface of the leaves of
the interior species may, therefore, be said to be devoid of stomata. Where no
decurrent channel exists, the stomata are found on the lateral surfaces below the
dorsal ridges, as in the case of the ** Weeping Pine."”

One, or rarely more rows of epidermal cells characterise the cuticle, these
being superimposed upon single or double rows of hypodermal cells.  This again
is subtended by the mesophyll consisting of palisade cells containing chloro-plastids,
followed by loose parenchyma through the centre of which in the upper portion
of the leaf 15 mostly situated an oil cavity or reservoir, fusiform in shape.

At the point of approach of the two surfaces of the leaf in the concrescent
portion, it was found that the cuticle begins to alter in character from that of the
dorsal surface, and this changed feature characterises the ventral surfaces, with
the exception of one or two species.  The cuticle here becomes broken or changes
into elongated, conical bodies or papillose projections, whose function is probably
to act as secondary guard cells to the stomata. A similar character is recorded
and figured by E. G. Bertrand (“Ann. des Sc. Nat.,"”" 5¢ Ser. Bot. Tome, 2zo0., Pl. 10) as
occurring in the Japanese genus of Conifers,—Secradopifys.

The palisade cells are quite absent below the ventral surfaces of the inland
species, C. glauca.

The cil cavity or reservoir, supported by secretory cells, is nearly always
found in the upper portion of the decurrent section, and between the phloem of
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the leaf bundle and the palisade layver and in the centre of the spongy mesophyll
tissue, but surrounded by parenchymatous endodermal cells. Longitudinal
sections invariably showed them to be cavities rather than glands, certainly not
canals or ducts as obtains in non-Australian genera of the Order. They appear
to be of lysigenous origin.

Below each gland is a small bundle with a normal orientation, the phloem
having thin-walled cells irregularly arranged, the xylem having thicker-walled
cells, disposed in a more regular, radial series than those of the phloem, the whole
being accompanied more or less by transfusion tissue.

For anatomical descriptive purposes it was found to be much more satis-
factory to take a section through the extremity of a branchlet just below the
internode, and through the three concrescences, rather than through an individual
concrescence, for such a section is found to be most symmetrical, and in outline
forms geometrically an almost perfect trefoil.

This geometrical outline in a measure corresponds in a general way to that
of some forms of Pinws leaves which have two bundles, whilst in this instance the
stele, being the branchlet, contains three or more, and having central radiating
cells dividing it into the wedge-shaped bundles of the branchlet or central column.

Such sections have been taken when describing and figuring the leaf
anatomy of cach species, as they give a better idea of the correlation of each
leal to the stem structure, and also their correlation in performance of functional
work to each other,

Viewed then as a whole, the leaf sections present some interesting features,
as for instance, the variation in the disposition of the parenchymatous transfusion
tracheids, the stone, as well as the endodermal cells, which are well shown
in the illustrations, and when there is no oil cavity these latter occur in a group
in each foil ; but as an oil reservoir gradually comes into the vision, it is seen to
separate them, and they then form an encircling ring around it, as well as the
stele, and so with each oil cavity of the corresponding leaf. The parenchymatous
cells containing the manganese compound are more numerous below the junction
of the foils where the epidermal and chlorophyll parenchymatous cells are absent.
This latter arrangement has already been fully discussed.

The anatomical characters of the leaf of Callitris, such as the arrange-
ment of (1) assimilatory and transpiratory surfaces, (2) the palisade cells,
(3) cells of the fundamental tissues, and (4) sclerenchymatous cells, render
some aid in systematic work ; whilst the position of the oil cavities may practi-
cally be said to be common to all the species, for whatever hittle varnation there
is in connection with these, it s of too minor a nature upon which to found
specific differences.
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Sections to illustrate the remarks on the leaf oils of Callitris species.
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Some workers on Pines have brought to their aid in this connection the
position and number of the oil canals (Engelmann), or the number of parts of the
aascular bundle (Coulter and Rose) ; such, however, cannot be used similarly in
the species of Callitres, but only as aids to systematic work in conjunction with
other features,

VIII. MOVEMENT OF LEAVES.

Some reference has already been made to this subject under Article V,
Foliation, and a theory advanced,

No opportunity occurred of studying the movements of the leaves in nature,
or rather in the field, to verify our opinion, but indications would suggest that the
two wventral surfaces are protected by a closing of the decurrent channel, by
an expansion or contraction or coming together of the longitudinal edges of the
leaves. (Fide physiological significance of this movement of leaves under
Foliation,)

By a closing of this entrance the stomata are protected from light, hot
winds, rains, &c., so that no twisting is required as in the leaves of some species
of Picea and Pinns.

The free ends evidently have the power of spreading or becoming appressed
according to weather conditions, vide also remarks under Arawcaria Cunninghamii.

IX. GENERAL REMARKS ON THE LEAF OILS.

The chemical results for the leaf oils of the several species of Callifris re-
corded in this work are somewhat comprehensive, and the data given are
representative of the individual species. The full results will be found under
each species.

The material was all distilled at the Musenm, and in several instances
gathered over a great extent of territory, and during a period of several years.
Particularly was this the case with €, glanca, because this tree is the common
species, and is the most extensively distributed.  In a lesser degree accumulated
results have been obtained with €. calcarata, C. verrnicose, C. arenosa, &c
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The object of this was to ascertain, from material belonging to well-defined
species, the influences of locality, soil, and climate, on the chemical constituents
of the tree. It has been advanced by some writers that these have considerable
action upon plants generally, and that, therefore, constancy of results could
hardly be expected.

Cr researches on the oils of the Eucalypts showed a remarkable constancy
in the chemical constituents of individual species of that genus. With the ails of
the Callitris the same practical uniformity of constituents exists, although not so
markedly as with the Eucalypts, as the rotation figures show more variation.

The distillation of the leaves and terminal branchlets was, in most cases,
continued for six hours, as it was found that a fair quantity of oil came over during
the fifth hour. The difficulty of obtaining the oil from the leaves by steam
distillation appeared to be due to the hidden nature and position of the oil glands,
as shown in numerous illustrations. The structure and contour of these may
also be seen from the microphotographs of the leaves under the several species.
The distillations were carried out on material collected similarly to what would
be done in practice, so that the yield of oil obtained with each species may be
taken as the commercial one. €. infratropica is the only exception, as with this
material most of the coarser branchlets had been stripped.

The crude oils were usnally but little coloured, due to the fact that the
amount of free acid in the terpene oils was very small indeed. Those oils contain-
ing an increased amount of esters were usually darker in colour, and the free acid
was more pronounced. On keeping these oils, the slow alteration of the geranyl-
acetate caused them to become even more acid. When redistilled under atmos-
pheric pressure, the esters partly decomposed at the temperature required, with
the separation of a portion of the acetic acid, but for comparative purposes this
had little influence on the results. The oils were all colourless when redistilled,
or when purified by steam distillation.

No indications were obtained in any of the oils for either sylvestrene,
phellandrene, or cineol. The leaf oil of one species, Callitris Macleayana, contained
a hydrocarbon, most probably belonging to the C H,, series, and when isolated
in as pure a condition as possible, by fractional distillation, it resembled ordinary
menthene, both in odour and appearance., The physical properties of the oil of
this species were distinctly different from those of the oils of the other species of
Callitris, due evidently to the presence of an increased amount of this constituent
in the oil, and which reduced the specific gravity of the crude oil considerably.
We have i1solated a hydrocarbon of the C H, series from the latex of Araucaria
Cunninghamii (see under that species in this work), and in which material a member
of the C H  group probably also occurred. The resins isolated from the latex
at the same time, strongly resembled the sandarac resins from the Callitris ;
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so that the idea suggesis itselfl that the formation of the characteristic resin known
as sandarac is primarily due to the alteration in some way, perhaps by oxidation
or condensation, of these hydrocarbons in association with the terpenes.

Apparently the origin of the sandarac resins is different from that of the
ordinary Pinus resins, and in both Pinus and Callitris the oils of some species
consist largely of pinene, and vet the resins are not similar.

From chemical evidence €. Macleavana and Arawcaria Cunninghamii are
somewhat closely related, and this is also supported botanically.

It has been determined that all constituents occurring in the oils of the
Callitris reach a maximum in that of one species, although perhaps present only in
traces in some of the others. It is assumed, therefore, that a hydrocarbon of the
C,H,, serics may occur at some time in the oils of the Callitris generally.  The
difficulty of detecting this, when only occurring in small amount in association
with pinene and similar terpenes is apparent, and it was thus fortunate that
O Macleavana supplied evidence in this direction.

The leaf oils of the Callitris all contain, either in large or small amounts,
pinene (hoth maodifications), limonene (both forms), dextro-rotatory borneal and
its acetic acid ester perhaps with the exception of €. Tasmanica), and seraniol
and 1ts acetic acid ester. The ester of terpineol, the acid of which 1s probably
butyric, is present in some species, if not occurring in traces in all of them.
Although the constituents in all the oils appear to be the same, they vary in amount
in each well-defined species, thus corresponding to the morphological differences
of the plants themselves, and in this respect are comparatively constant, so much
so, that cach species has its own characteristic oil, and the determination of the
amount of its chemical constituents iz sufficient to indicate its origin in most
cases.  We have gone to considerable trouble in the endeavour to decide this point,
and the results herewith published show distinetly that the influences which were
instrumental in bringing about distinctive characteristics for each species, also
acted directly upon the character of the oil constituents in a corresponding
degree,

Whether the predominant constituent in the oil of the original ancestor
of the genus, was the terpene pinene, or limonene, it is not now possible to decide,
but it is apparent that changes have been active with the several members of
the genus Callitris.  The time necessary for the accomplishment of this altera-
tion, through varieties to distinct species, must have been of an extended nature,
and, consequently, for this and other reasons, we assume that the Callitris of
Australia 1s an ancient genus.

In two instances evidences have been found indicating a close botanical
and chemical connection between Callitris somewhat closely related, and showing,
as it were, a branching off from a species. These were, firstly C. rhombordea of

o
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the eastern coast of New South Wales, with €. Tasmanica the closely related
species of the elevated country of the Rylstone district of New South Wales and
the corresponding Tasmanian trees, and secondly, the South Australian species,
C. propingua, with C. glanca.

In whatever direction the results are considered, it is found that the several
constituents in Callifris oils continue to increase with each well-defined species,
in the individual groups, until a maximum is reached in one of them. With
dextro-rotatory pinene the maximum is with C. Drwmmondii ; with dextro-
rotatory limonene it is with C. arenosa, where it occurs together with dipentene,
and not less than 85 per cent. of this oil consists of the limonenes. The levo-
rotatory form of limonene is most pronounced with C. infrafropica, in the oil of
which limonenes also occur in considerable amount. The geranyl-acetate con-
tinues to increase in the several species, until the maximum is reached with C.
Tasmanica, practically the same result being obtained with both the Rylstone
and the Tasmanian trees, and in which over 6o per cent. of this ester was present.
Borneol increases in the same ratio, but not to the same extent as the geraniol,
and does not appear to be present alone in any one species, nor does the levo-
rotatory form occur.  Free borneol 15 found to only a small extent in many of
the species.  Terpineol was found in the greatest quantity in the oil of C. gracilis,
but even there it was only present in a comparatively small amount. The deter-
mination of butyric acid in the oil of this species indicated that it was present
with the terpineol, and as butyric acid has also been detected in small amount
in the oils of several species, it is probable that this ester occurs in the oils of most
Callitris, the exception being those in which geraniol is in greatest abundance,
and also in those oils very poor in ester. No butyric acid could be detected in
the ester of C. Fasmanica, as the theoretical result for acetic acid was obtained.

The dextro-rotatory pinene, taken at its maximum in the oil of C. Drum-
mondii, had a very high specific rotation [a], = + 49-77°, but the lzvo modification
increasing in other species reduced this activity to the right, until with C. Muelleri
it was only slightly dextro-rotatory. The limonenes appear to be always present
in both forms ; with some species the predominant one is the dextro-rotatory modifi-
cation, while in others, it is the l®vo-rotatory limonene which is in excess. The
melting point of the tetrabromides formed with the limonenes of the Callitris oils
was always high, and in this respect differed entirely from that formed with the
dextro-rotatory limonene occurring in the oil of ‘' King William Pine,”" which
gave a tetrabromide melting at 104" C.

It will be observed that the optical activity of some of the Callifris oils,
is not of a constant character for all times of the year. This is due to two causes:
1) With some species the oil obtained from the fruits has a markedly different
rotation from that of the leaves, even if obtained from the same tree, although
the terpenes are the same in character. The amount of ester is less also. This
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is notably the case with C. robusia and with C. verricosa (hoth species with warted
fruits), and also with species closely allied with these. With C. Drummondi,
the oil, both from the leaves and from the fruits was similar, and this was also
the case with C. calcarata. The dry fruits of those species whose leaves give an
oil consisting of geranyvl-acetate without borneol, do not contain an essential ail,
or, if so, it is present only in a very small amount.  This is the case with (.
Tasmanica, and with C. rhomboidea. This peculiarity of terpenes with different
rotations in the leaves and fruits of the same tree, is of some scientific interest,
particularly as this peculiarity does not occur with all the species. It will be
noticed that in the results obtained with the material of C. glance from Narrandera,
the oil from one large tree (kept separate) varied by 6-7 degrees from that obtained
from trees growing alongside, and that the ester was also less in amount. The
branchlets from the single tree had numerous fruits, and considerably more than
were present on the general material.

‘z) Again, the predominance of a particular imonene, of which the rotation
may be either dextro or laevo, is not constant for all times of the year, so that the
rotation of the oil of these species varies in agreement.  This is notably the case
with . calcarata and with €. arenosa. The pinenes do not appear to vary in this
respect to the same extent as do the limonenes, although it is evident that both
forms are present in the oils of most species. Although the rotation of the limo-
nenes is thus not constant, vet the other physical characters of the oils are not
influenced by the particular activity of the predominant limonene alone ; so that
the composition of the oil of each species, when once determined, is found to be
always characteristic of it.

The ester content of the individual oils appears to be far more constant
in character, and the indicative value of the cold saponification in following the
increase of geranyl-acetate in the several oils, has been most helpful. By this
means it was also possible to show that the free alcohol in the oil of C. Tasmanica
was almost entirely geraniol. It is possible that a quantitative value might thus
be evolved for some of these esters, if investigations in this direction were under-
taken.

The solubility in alcohol of the crude oils of the Caflitris does not appear
to be of a very constant nature, because the oils of the group to which C. glauca
belongs become much less soluble in alcohol on keeping, and many of them
slowly deposit an insoluble resin, which attaches itsell to the sides of the bottles
in which the oils are stored. Those oils richest in limonene only deposit this resin
in very small amount, and those in which the ester of geraniol is present in quantity
have not deposited any. The formation of this resinous substance may have
some bearing upon the natural preparation of certain of the resin acids found in
sandarac, and it is thus evident why the sandarac resins from some Callitris species

are more soluble in alcohol than are those from other species.
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The sesquiterpenes, or allied bodies, only occur as a rule in small amount in
the leaf oils of the Callitris, those of C. Macleayana, C. robusta and C. verrucosa
containing the greatest quantity.

Phenols do not occur in the Callitris leaf oils to any great extent, as only
in two species was an indication for a phenol obtained, these were €. gracifis and
C. rhomboidea, but the amount present was too small for determinative purposes.
Of course the phenol found in Calfitris timber (callitrol) may extend to the wood
of the branchlets, and traces might thus be found with the leaf oils.

The specific gravity of the oils was taken in comparison with that of water
at 157 C. in all cases.

X. THE CONE.

The distinctive characteristics of this organ of the Callifris have already been
given under Article II.  The fruits occur generally below the male inflorescence,
which is a natural arrangement, as thus pollination is, in a certain measure,
assured.

The cone may be said to be almost uniformly spherical in shape, and also to
consist of an equal number of valves, the one exception being €. Madcavana
which has 6-8 valves and is pyramidal in form.

The general contour of the cone may thus be said to differ from that of
any living Conifer, certainly from Tefraclinis and Widdringtonia, of North and
South Africa respectively.

They vary in size from half an inch in the case of €. fnfrafropica to over
an inch in €. robusta, whilst the pyramidal cone of €. Macleavana may be said
to average quite an inch in height.

The nature or character of the external surface can be used in a measure
as a taxonomic aid, for dividing the species into classes; C, robusia, C. verrucosa,
C. tuberendata, C. glanca, C. intratropica, C. arenosa, C. propingua, have all more
or less worted surfaces, whilst C. calearala, C. Muelleri, C. oblonga, C. Drusnnondi,
have them either smooth or even shining.

In their mature condition they are hard and almost ligneons.
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XI. THE CONE VALVES.

The structure of the valves composing the cone has not occupied much
attention in the field of research in the past; and, although apparently simple
enough organs in themselves, vet, their true relative position in the plant's life
history has remained in a measure an unsolved problem.

Working in this remote part of the world great difficulty has been experienced
in obtaining access to the cognate literature, but in all the works examined little
or no reference could be found bearing on the origin of the cone scales or valves
of our Australian Callilris.

These organs may be divided into two periods of life history, viz. :—her-
baceous and indurated. During the first of these conditions they have all the
characters of the ordinary leaf of the genus, i.¢., the mesophyll with its palisade
parenchyma and spongy tissue, parenchymatous cells, together with a primary
bundle, oil cavities, assimilatory and transpiratory surfaces —structures which make
them practically, to all intents and purposes, leaves of two terminal whorls.
Starting life thus with all the 1aorphological, functional, and anatomical characters
of a leaf, the period of their metamorphosis into sphorophyvlls is marked structurally
by a numerous subdivision of the bundles of the central axis and the pith cells
or tissue, and these branches at once ramifying at first into the upper portion
of the leaf, but eventually push back and replace the parenchymatous cells and
spongy tissue. These bodies or cells as they emerge from the stele are found to
be well charged with starch grains, and especially so as the sporophyll becomes
almost entirely composed of cells similar o those which are in direct com-
munication with the ovules, whose whole structure is alse formed of them.
Whilst this cell development is taking place, numerous bundles are ramifving
through the sporophyll structure generally, at first, in a row just below the inner
surface, from which are sent branches in the dorsal direction. il cavities are
also formed both at the inner and outer surfaces. As these organs mature they
gradually again metamorphose, but into a hardened body, and yet meanwhile,
or for a time, preserve one or two of the main characters of a leaf ;—the arrange-
ment of the bundles, &c., reminding one of the midrib and lateral veins of an
Angiosperm leaf, and the chlorophyll performing its function till near the time
of dehiscing.

As soon as the ovules are fertilised, the lower portion of the macrosporophyll
gradually commences to thicken and close over them, thus forming a cryptic
character, as stated under article ** The Origin of the Spur on the Cone Scale.”

After the closing period the sporophylls thicken until the full size of the
cone 15 reached. This process of thickening is marked by the bundle shown in
the various micro-leaf sections, commencing to be augmented and increasing in
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size, next forms a series of bundles, and then secondary bundles or branches in
the valves, which ramify through the whole substance.

In the case of C. Macleayana, and others, these bundles are more numerous,
and form a continuous line parallel to the inner surface and bounding the median
tissue of the sporophyll on that side, and through which substance, composed of
the irregular thin-walled cells originated from the pith, occasionally occur, however,
a few detached bundles.

The chlorophyll parenchyma retains its chara