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Foreword.

Unavoidably, a considerable period has elapsed between the appearance of Part i
of this series (Davis, 1936) and the completion, for publication, of the remaining parts.
During the interval, several important papers have appeared, dealing with the plant
ecology of the New South Wales coastal region (Pidgeon, 1937, 1938; Fraser and Vickery,
1937, 1938, 1939; Osborn and Robertson, 1939). With reference to the classification
of the Eucalyptus forest communities submitted in Part i, some further clarification is
NOw necessary.

Pidgeon (1937) has advanced a classification of the Eucalyptus forests of the
central coastal area of New South Wales, recognizing six associations in the entire region,
with subordinate consociations, and giving much broader limits to the association unit
than those adopted in Part i of this series. While it is freely admitted that this broader
limitation for the association is in accordance with the application of North American
workers, and that certain of the ‘associations’ listed in Part i of this series will in time
take their place as ‘consociations’ within broad association limits, it is submitted that
insufficient is known of the environmental, genetic and phylogenetic relations of the
various Eucalyptus forest communities safely to dogmatize on the natural grouping of
consociations at the present stage. If the association be regarded as generic, and the
consociation as specific, the procedure adopted in Part i represents the erection of a
number of monotypic genera, whereby, admittedly, natural relationships cannot be
indicated; the alternative procedure, however, runs the risk of erecting genera including
unrelated species. '

The following table sets out the differences in the two classifications:

Situation of Community. Classification of Part i. Classification of Pidgeon (1937).
Hawkesbury Sandstone, little or  Eucalyptus Sieberiana  Mixed FEucalyptus Forest Asso-
no physiographic shelter. Association. ciation.
Do., moderate physiographic E. piperita Association. Do.
shelter.
Do., good physiographic shelter. E. pilularis Association. Do.
Narrabeen Sandstone, little or E. piperita Association. Do.
no physiographic shelter.
Do., moderate physiographic E. saligna Association; ? E. saligna-E. pilularis Associa-
shelter ; Chocolate Shale, little E. pilularis Association tion.
or no physiographic shelter. (upper coastal slopes).

* Note added 23rd September, 1940.—An important paper on plant succession by Pidgeon
(Proc. LINN. Soc. N.S.W., Ixv, 221-249; issued 16th September, 1910) deals with the general
aspects of the area of which the Bulli district forms merely a unit. Circumstances forbid the
modification of the present two papers (Plant Ecology of the Bulli District. ii and iii) in the
light of knowledge therein presented, or any discussion of points raised. Nevertheless, although
much of the ground has been covered, it is still considered worth while to present these twa
papers in their original form, both as independent (though local and less complete) evidence of
certain facts and as maintaining a somewhat different viewpoint on controversial issues.

D



2 PLANT ECOLOGY OF THE BULLI DISTRICT. Ii,

Situation of Community. Classification of Part 1. Classification of Pidgeon (1937).
Wianamatta Shale, little or no E. piperita - Angophora Mixed Fucalyptus ¥Forest Asso-
physiographic shelter. lanceolata Association, ciation.
Upper Coal Measures (shales E. pilularis Association. E  saligna-E. pilularis Associa-
and sandstones), little or no tion.

physiographic shelter.

Upper Coal Measures (tufface- Mixed Ewcalyptus Forest. Mixed Eucalyptus IFForest Asso-
ous mudstone), little or no (a). ciation.
physiographic shelter.
Recent Alluvial Soil, little or no  Mixed Eucalyptus Forest. Do.
physiographic shelter (climax (b).
of lagoon succession).

The separation, in Part i, of the ‘Fucalyptus piperita-Angophora lanceolata
Association’ from the normal E. piperitec Association is not justified, and the former is
henceforth referred to as the Angophora lanceolata facies of the Eucalyptus piperita
Association.

Pidgeon’s grouping of the Fucalyptus saligne and E. pilularis communities as a
single association is probably justified. In Part i the relationship was marked by
referring to the communities as corresponding associations (p. 295). The tendency
of E. saligna to predominate at the ecotone of the K. pilularis Association and the rain
forest formation on the coastal slopes suggests that it requires better environmental
conditions than K. pilularis. The distinction of the two associations is tentatively
retained in this and subsequent parts for uniformity with the smaller sense of
‘agsociation’ used throughout.

Pidgeon’s separation of the Eucalyptus pilularis Community into two associations
depending on soil origin (on Hawkesbury Sandstone, Mixed FEucalyptus Forest
Association, pars; on richer soils, consociation of H. saligna-E. piluleris Association)
seems to add to the complexity of the classification. The community on Hawkesbury
Sandstone is closely similar to its manifestations elsewhere, both in the form and
height of the dominant tree, and also in the presence of certain species of the lower
strata (e.g., Casuarina torulosa, Leucopogon lanceolatus, Pteridium aquilinum, Imperata
cylindrice var. koenigii, Hardenbergia monophylla) which are characteristic of the
E. pilularis Community on Upper Coal Measures soils, but absent from poorer sandstone
soils, such as in the E. Sieberiana Association. Iven the soil properties are similar,
due to the improvement of the water-retaining capacity of sandstone soils carrying
E. pilularis, by humus accumulation, up to a point comparable with that of soils derived
from less coarsely-grained rocks.

The Eucalyptus Sieberiana Association is a widespread and important unit, which
scarcely appears in its typical form mnorth of the Bulli district. It is extensively
developed on soils derived from Devonian sandstones on the far south coast of New
South Wales, particularly in the Eden district. It also occurs in Victoria and Tasmania,
where it assumes the appearance of a wet sclerophyll forest, regarded by some workers
as a distinet formation or sub-formation (Wood, 1937), although the distinction is
arbitrary. North of the Bulli district other species (e.g., E. gummifera, E. haemastoma)
occupy more important places on correspondingly poor soils, although FE. Sieberianc
extends north as far as the Hawkesbury River.

The separation of the communities dominated by Eucalyptus piperita from the
E. Sieberiana Association appears to be justified, in order to emphasize the fact that
L. piperita represents a definite grade higher than E. Sieberiana in soil requirements,
just as K. pilularis represents a grade above E. piperita. This gradation tends to be
obscured by grouping together under the one unit, as the Mixed Eucalyptus Forest
Association of Pidgeon. It could be equally emphasized by calling the grades
consociations (as allowed by Pidgeon, 1937, p. 335), but it would be difficult to group
three such consociations into an association without harming other parts of the

classification system, e.g., the recognition of the E. pilularis unit on all soil types, discussed
above.
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The classification of Part i is therefore retained throughout the series, with the
exception of the E. piperita-Angophora lanceolata Association noted above. The
classification has sufficient utility for the limited district here dealt with, although it
would be difficult to apply it, even with logical extensions, throughout the entire
sclerophyll formation of eastern Australia. This difficulty need not be met in the present
series, which is purely local in nature; it is hoped that some synthesis of the different
classifications will develop when the entire formation comes to be considered. It is
further emphasized that the divergence from the classification of Pidgeon does not
indicate a divergence in the observance of facts, but merely in opinion as to convenience
of tabulation.

Nomenclature.

In general, the same procedure in taxonomic names is followed as in Part i, authors’
names being appended to species only where the names given by Moore and Betche
(1893) are not adhered to. For Pteridophytes the names given by Melvaine (1936) are
used throughout, without authors. Many of the names used by Moore and Betche have
now been superseded, but this work is nevertheless the only flora available to field
workers. In a few cases the names used in Part i have been changed in this and
subsequent parts for uniformity with the ecological papers mentioned above. The
following are the changes:

Eucalyptus gummifera (Gaertn.) Hochr. (E. corymbosa of Part i); Imperata
cylindrica Stapf. var. koenigii D. & S. (I. arundinacea of Part i); the generic name
Lomandra is henceforth used in place of Xerotes. The name Gymnoschoenus sphaero-
cephalus (R.Br.) Hook. f., as used in Part i, is retained; this is apparently the correct
name (see, e.g., Black, 1929, p. 91), although the species is listed by Moore and Betche
as Schoenus sphaerocephalus Poir. (syn. Mesomelaena sphaerocephala Benth.), and by
the Census (Maiden and Betche, 1916) as Gymmnoschoenus adusius Nees.

METHODS.

(i). Soil Analyses—A large number of soil samples were tested for various
properties, and since the methods used, though constant throughout, were not the usual
standard methods, they are detailed fully. The figures are strictly comparable inter se,
but not necessarily with those given by other workers.

Except for pH and water content, all samples were passed through a sieve with
circular holes of diameter 1 mm. The pH was determined by the quinhydrone method
(gold electrode), standard procedure being adopted to eliminate the vitiation of the
results for comparative purposes by drift. Soils were stirred with distilled water and
quinhydrone, stood for 45 minutes, and again stirred. At the end of a further 15
minutes the E.M.F. was read without further stirring.

To estimate comparative water content the soils from a series were collected at the
same time in sealed jars, and samples weighed as soon as possible. These were then
dried at 90-100°C., the water content being calculated as a percentage of the dry weight.

The method of determining water-retaining capacity gives a higher reading than
the methods usually adopted. Metal cylinders (height 25 cm.; diameter 5 cm.) with
gauze bottoms were lined with filter-paper, cut to cover the bottom but to allow drainage
at the periphery, since drainage through the filter-paper becomes impeded by clay
particles. The lined cylinders were weighed dry (m,) and wet (m,). They were then
filled with saturated soil, drained for 30 minutes, and weighed (m;). The whole was then
dried to constant weight (m,) at 90-100°C. The water-retaining capacity is calculated

my—m—(mg—m,)
thus; ——— . 100, representing a percentage of the dry weight. The usual
m,—m,

method of weighing soil dry, and allowing it to take up water, proved impracticable, as
dry soils, especially sandy soils with high organic content, could not be caused to take
up water without loss of part of the sample from the container. The high temperature
of drying (90-100°C.) in the method used was essential from considerations of time; but it
renders the final figure for water-retaining capacity high by including in it some
water not available to plant roots.
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Loss on ignition, of soils previously dried at 110°C., expressed as a percentage of
the dry weight, gives a reasonably close approximation to the total organic content
(humified and unhumified). KExceptions are soils of high clay content (especially
Wianamatta Shale soils, and to a less extent soils from Chocolate Shale and some of the
Upper Coal Measures), and the early stages of the sand-dune succession described in
Part iii, where a fair proportion of calcium carbonate is present.

In representative samples the portion of the figures for loss on ignition, represented
by humus, was estimated by determining the percentage of the original soil decomposed
to gaseous and volatile substances by continued treatment with hot 6¢, hydrogen
peroxide.

The chloride contents (listed in Part iii) were obtained by lixiviating a known
weight of oven-dry soil with distilled water, and estimating the filtrate with standard
silver nitrate. The chloride contents are expressed as a percentage weight of chlorine
(chloride ion) per dry weight of soil. This figure is undoubtedly variable for any
situation, due to seasonal factors of spray incidence and leaching. All the figures given
refer to soils collected in July 1938, a period preceded by some time of low rainfall
and little leaching. Figures for salinity of soil solution, as sodium chloride, grm. per
litre (Lagatu and Sicard, 1911), depending on the water-content of the soil, may be
calculated from the data of Table 4, Part iii. This factor, although it is at any one time
a truer index of the conditions to which plant roots are subjected, must be exceedingly
variable for any situation, due to seasonally varying soil moisture.

For all the above factors, soils of the A, horizon (1—4 inches), the zone of maximum
utilization by plant roots, have been determined.

Percentage of water held at sticky-point and sand fraction were estimated for soils
of varying origin. From these results the index of texture (Hardy, 1928) was calculated
(percentage of water held at sticky-point less one-fifth percentage of sand). The
samples used for this work were from the A, horizon, as in the A, horizon varying
organic content would affect the water held at sticky-point; whereas the property, the
investigation of which is here desired, is that of the original soil as conditioned by
parent rock, and not the soil resulting from the interaction of vegetation with original
soil.

The index of texture actually appears to be a less useful index of the soil with
respect to vegetation than is the percentage of water held at sticky-point alone. The
index of texture suffers further in that no distinction is made in its calculation between
coarse and fine sand, both lowering the index of texture figure equally. Thus almost all
the sand fraction of Hawkesbury Sandstone soils is coarse sand, and almost all that of
Chocolate Shale soils is fine sand, the latter with a greater capacity to hold water in
the estimation at sticky-point.

(ii). Floristics—Only in the relatively homogeneous Gymnoschoenus sphaero-
cephalus Community (swamp subclimax on Hawkesbury Sandstone) were accurate
quadrats undertaken. These took the form of metre-quadrats, each shoot of the
rhizomatous vegetation being removed by shears and counted as one unit. This
procedure was necessitated by the density of the vegetation (Pl ii, C).

In the lower strata of the remaining communities, and in the tree stratum of the
brush or rain-forest, rough counts of the numbers of each species in a series of areas
were made. These areas were circles of 10 yard radius or, for brush trees, 20 yard
radius. For each community, the number of individuals of each species was multiplied
by the factor necessary to bring the commonest species to 100 units. The species were
then graded into five classes: abundant (A), 100-41; common (C), 40-16; occasional (0),
15-6; rare (R), 5-3; and very rare (VR), 2 or less. These limits were chosen in
consideration of the lack of complete domination by one species of the strata examined;
it is clear that a species occurring in a ratio of 1:25 to the commonest species would not
be rare, in the accepted sense, if the cominonest species practically dominated the

community; but in the communities examined co-dominance of a number of species
was the rule.
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Some modification of the results obtained was found necessary, due to the
accumulation of additional data by inspection, without analysis, of certain areas not
visited when the counts were made. This applies especially to the Hawkesbury Sandstone
shrubs. The classes are therefore only approximate, but probably closer to the truth than
a gradation by inspection alone could attain.

The proportion of the counts in which each species appeared gave some indication
as to localization, and in the floristic lists species are tabulated as local (L) if this
feature is particularly marked.

PLANT COMMUNITIES OF THE PLATEAU AND SCARP.
(1) Hawkesbury Sandstone.
(a). Eucalyptus Sieheriana Association.

This community (Pl i, A and B), present in situations on the Hawkesbury Sand-
stone lacking physiographic shelter, is usually associated with fairly efficient drainage
conditions, although the dominant occasionally approaches positions of fairly high
water-table near the ecotone with swamp communities. Soils are typically of a depth
greater than three feet, often much more, but in some places the association occurs on
shallower soils, the dominant then being dwarfed and often malformed. These areas
may be regarded as a stage in the lithosere, detailed later, immediately preceding the
true climax.

Soil properties for certain typical parts of the association are given in Table 1. The
texture of the soil originating from IHawkesbury Sandstone is coarse, although the
weathering of local shale bands in this series gives a small but definite clay fraction in
some places, and in particular gives the B horizon in most places the nature of a
clay-sand. The following estimates were obtained for A, soils:

Water held at sticky-point 22-29¢,; sand fraction 96-979; index of texture 3-10.

The uniformly low organic content is insufficient to counteract the coarseness of the
soil, and the water-retaining capacity is low. The highest figure for water-retaining
capacity (37%) represents a sample with higher clay-content than normal. Of the
figures given for loss on ignition (2-3-3-5%), some 509, appears to represent humus.
The soils are markedly acid, and appear to be poor in nutrient elements.

TABLE. 1.
Propeities of Soils on Hawkesbury Sandstone carrying Climaz and Post-climaz Communities.

W.R.C. Loss on Ignition pH.
e (%)- (%)
Eucalyptus Sieberiana Association 25 25 5-4
29 32 4-9
28 3-0 4-9
29 2.9 5:2
37 2.3 4-5
33 35 4:9
Eucalyptus piperita Association. . .. .. .. .. 43 7-3 5.2
46 8-0 4-4
49 37 4-6
78 26-0 4-9
83 30-0 4-7
76 23-0 5-1
Eucalyptus pilularis Association .. .. .. .. 80 23-0 5-0
91 33-0 5-0
Eucalyptus piperita Association, near Brush Ecotone (Loddon
Falls) .. .. .. .. .. .. .. .. 113 49-0 4.6
Brush .. .. .. .. .. .. .. .. 90 30-0 5-2
120 35-0 5-2
120 49-0 5-3
130 48-0 5-0




6 PLANT ECOLOGY O THE BULLI DISTRICT. II,

Some indication of the range of the dominant has been given earlier. A consideration
of its environment elsewhere suggests that neither poor drainage nor shallowness of
soil is one of the limiting factors here preventing the development of species such as
Eucalyptus piperita and E. pilularis. These factors are rather to be sought in the
coarseness of the soil texture, and the resulting low water-retaining capacity in the
absence of humus development.

Structurally the association is composed of a tree stratum typically 40-60 feet
high, with discontinuous canopy. Low trees are relatively unimportant, Banksia serrata
being common only in limited areas; some of the larger shrubs, however, fall within the
microphanerophyte class. The shrub stratum is prominent and floristically diverse,
thongh usually not continuous. The ground stratum seldom forms a complete cover,
except in areas tending towards swamp conditions. The classification into life-forms is
indicated in the floristic lists.

Floristically, the composition of the association is as follows:

MM :* A, Eucalyptus Sieberiana (dominant) ; O(LC), E. gumwmifera, E. micrantha Benth. ;
VR (L), Casuarina suberosa, Acacia elata.

M: LC, Banksia serrata (Shrubs); C, Leptospermum stellatum, L. flavescens, Banksia
ericifolia; O, Hakea acicularis; VR(L), Kunzea corifolia.

N: A, Grevillea oleoides, Hakea dactyloides, H. pugioniformis, Isopogon anemonifolius,
Lambertia formosa, Persoonia lanceolata, P. salicina, Petrophila pulchella,
Leptomeria acida, Olax stricta, Acacia discolor, A. juniperinae, A. suaveolens, Aotus
villosa, Bossiacea heterophylla, B. scolopendria, Dillwynia floribunda, Pultenaea
elliptica, Ricinocarpus pinifolius, Pimelea linifolia, Leptospermum scoparium,
Epacris microphylla, E. obtusifolia. Leucopogon juniperinus, L. microphyllus,
Sprengelia incarnata, Dampiera stricta; C, Banksia spinulosa, Conospermum
ellipticum, C. taxifolium, Grevillea sericea, G. punicea, Lomatia silaifolia, Acacia
myrtifolia, Gompholobium latifolium, Comesperma ericinum, Baeckea crenuvlata,
B. lnifolia, Kunzea capitata, Trachymene linearis, Epacris paludosa; O, Sympho-
nema paludosum, Xylomelum pyriforme, Daviesia wlicina, Gompholobium grandi-
florum, KEriostemon Crowei, Phebalium diosmeum Juss., Dodonaea triquetra,
Stackhousia wviminea, Callistemon lanceolatus, Calythrixz tetragona, Darwinia
virgata, Leucopogon collinus, Woolsia pungens, Hemigenia purpurea; R, Banksia
paludosa R.Br., Telopea speciosissima, Phyllota phylicoides, Boronia pinnata,
Lasiopetalum ferrugineuwm, Epacris longifiora, Lewucopogon virgatus, Chloanthes
Stoechadis; VR, Banksiec aemula, Grevillea sphacelata, Cryptandra ericifolia,
Melalewca squamea, Leucopogon amplexicaulis, L. esquamatus, Dampiera Brownii.

Ch: A, Lomandra obligna MacBride, Patersonia glauca; C, Doryanthes excelsa, Mirbelia
reticulata, Tetratheca ericifolia, Ampera spartioides, Hibbertia stricta, Stylidium
graminifoliuvm Swartz; O, Xanthorrhoea hastilis, Patersonia sericea. Conospermuim
tenuifolium, Grevillea capitellata, Darwinia taxifolia, Xanthosia pilosa, Opercularia
ovata, Pomax wmbellata, Lobelia dentata; R, Gompholobium minus, Hovea hetero-
phylla, Hybanthus filiformis, Viola hederacea, Styphclia trifiora, Goodenia
heterophylla; VR, Kennedya prostrata, Comesperma volubile.

H: A, Haemodorum planifolium, Actinotus minor; LC, Selaginella wliginosa; O, Gahiia
psittacorum, Lomandra longifolia Labill.,, L. filiformis J. Britten; R, Eragrostis
Brownii, Stipa pubescens, Caustis flexuwosa, Tricostularia paludosa Benth.,
Haemodorwm tevelifolium ; VR, Entolasia marginatea Hughes, Caustis pentandra,
Stypandra caespitosa, Rubus fruticosus (introd.).

G: A, Leptocarpus tenax, Lepyrodia scariosa; O, Thelymitra ixvioides; VR, Burchardia
wmbellata, Cryptostylis longifolia, Glossodia major.

: 0, Cassytha paniculata, C. pubescens ;i VR, Loranthus celastroides.i

The above lists include some species (e.g., Symphyonema paludosum, Olax stricta,
Baeckeo spp.) whiclh are more characteristic of swampy areas, and others (e.g., Lepto-
carpus tenax, Lepyrodia scariosa) which occur in this association and in swamps in

approximately equal frequencies. The frequency given above in all cases represents

* Abbreviations for life-forms, frequency, and localization used throughout paper: MM,
mega-  and  mesophanerophytes; M, microphanerophytes; N, nanophanerophytes; Ch,
chamaephytes; H, hemicryptophytes; G, geophytes; HH, helo- and hydrophytes; S, stem-
succulents; E, epiphytes. (Actually, no hydrophytes are present in the species listed under HH.)
A, abundant; C, common ; O, occasional ; R, rare; VR, very rare; L, local or locally; LC, locally
comnion (sce METHODS, ['lovistics).

T Rooted hemiparasites, classed as “E’, the nearest life-form.

I In these lists the species are arranged in order of families according to the classification
of Engler and Prantl, and within each family, alphabetical.
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that observed in the Fucalyptus Sieberiana Association, regardless of the frequency
of the species elsewhere; it has been noted earlier that this association extends in some
cases to rather poorly-drained soils.

Apart from minor environmental variations, such as in efficiency of drainage, with
their resultant influences, e.g.,, on the proportion of swamp-tolerant species, the
association is characterized by local variations, often striking, without apparent environ-
mental cause. These variations are most marked in the shrub stratum; they may well be
due to chance occurrences in seed dispersal, and to the extinction of some species in belts
where bush-fires of preceding years have been most severe.

Two environmental variants were noted in Part i:

(1). On the eastern edge of the plateau, particularly north of Sublime Point, on the
gradual slope running down towards the sandstone scarp (Fig. 1), the vegetation assumes
‘an aspect slightly different from other parts of the plateau. Drainage conditions are
good, so that species favoured by swampy conditions are absent. FEucalyptus gummifera
increases in abundance, often becoming nearly as important as E. Sieberiana; both
species are frequently stunted, as the soil is often very shallow. In most places the cover
by the lower strata increases, often to 1009. Additional species found in this zone, but
not elsewhere in the association, include:

N : Xanthorrhoea arborea R.Br., Hakea saligna, Persoonia revoluta, Pultenaea daphnoides,

Correa speciosa, Actinotus Helianthi, Dracophyllum secundum, Cassinia denticulata,
Olearia elliptica DC.

N (climbers) : Smilax glycyphylla, Billardiera scandens.

Ch: Dianella coerulea, Halorrhagis teucrioides, Helichrysum scorpioides.

G : Lycopodium densum, Gleichenia flabellata.

Certain species found elsewhere in the association inerease in prominence; the
following may be specified:

N: Banksia spinulosa, Boronia pinnata, Phebalium diosmeuwm Juss., Lasiopetalum

ferrugineum, Epacris longiflora, Chloanthes Stoechadis.

Ch: Xanthosia pilosa, Opercularia ovata.

The factor inducing this variation seems to be the shelter from the west, which,
while too slight to affect the trees, allows certain more mesophytic types to develop
in the lower strata. The soil differs little, if at all, from that in other parts of the
association. Certain species cannot be considered more mesophytic than those of other
areas; such forms as Xanthorrhoea arborea and Actinoius Helianthi, occurring only at
the very edge of the plateau, are to be considered rather as species limited to very
dry, rocky habitats.

(2). The slopes facing west, in the more westerly parts of the area studied, are
characterized by better drainage and lower rainfall than the flatter areas of the eastern
parts of the plateau (cf. Part i). Eucalypitus gummifera increases in relative abundance;
in the lower strata there are a decrease in percentage cover and a general absence of
swamp-tolerant species.*

The Eucalypius Sieberiana Association is in general similar to much of the low
forest on sandstone in the Sydney district, although its dominant fails to reach such
development near Sydney either in size or frequency. The lower strata are somewhat
poorer floristically than in corresponding situations near Sydney, and possess very few
additional species (e.g., Grevillea oleoides).

(b). Developments subject to Physiographic Shelter.

With increasing physiographic shelter, Hawkesbury Sandstone soils carry
successively higher types of vegetation, the sequence being FHucalyptus piperita
Association-E. pilularis Association-Brush (sub-tropical rain-forest) (Pl. i, C, D, E
respectively). The characteristics of the soils of this series are listed in Tables 1 and 2.
The series is characterized by a successive rise in organic content of the soil,
proportionally raising the water-retaining capacity, which appears to be the chief factor
influencing the development of the first two associations. The addition of a higher

* The occurrence of some well-developed trees of Syncarpie lawrifolia Ten. near the Bulli
Lookout, intermingled with E. Sieberiana in an otherwise normal part of the association, is
absolutely unexplained. Syncarpie is a unit of a much higher vegetational community.
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TABLE 2.

Hawkesbury Sandstone Soils on Transect with Increasinyg Shelter.

Loss on Water Content
—_ W.R.C. Ignition pH. (%)
(%)- (%) (10.7.38).
Eucalyptus Sieberiana Association .. 37 2-3 45 19
E. piperita Association .. .. . 16 80 4-4 3-2
E. pilularis Association .. .. .. 80 23-0 5-0 12-9

proportion of humus* to a soil of coarse texture raises the water-retaining capacity to
the level of finer soils with less humus, such as carry these associations on the other
geological series of the district.

The rise in organic content seems to be associated chiefly with a high average
moisture-content, a result of drainage conditions and weak insolation, depending on the
physiography. It is not comparable with the rise of organic content under swampy
conditions, to which are limited plants tolerant to low pH and poor root aeration. Apart
from moisture-content, other factors inducing a high organic content in this series are
decreased insolation and infrequency of bush-fires, both factors directly combating
oxidation of soil humus. The infrequency of bush-fires is dependent on the relatively
moist nature of the habitat and vegetation. )

In no case studied could the full vegetational sequence be observed on a single
transect. In the more gradual valleys south of Cataract Reservoir, Eucalyptus Sieberiana
gives place to K. piperita (on the upper slopes) and E. pilularis (on the lower slopes
and valley floor); shelter is throughout insufficient for brush, which however develops
where erosion has led to the penetration of the Narrabeen beds at the bottom of some
gullies. In the abrupt Hawkesbury Sandstone gorge at Loddon Falls, brush is developed
at the lower levels; on the steep sides, Eucalyptus piperita occurs. E. pilularis does not

* Humus accounts for approximately half of the loss-on-ignition figures of Tables 1 and 2
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