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INTRODUCTION

The Iack of inl igenous softwoods has made i t  necessary Jor the Forest
Depadment of Western Australia to engage actively in the establishment of

softwood plantaiions. Extensive trials have nauowed the choice to the follow-
ing two alternatives:-

(a\ Pinus pino,ster, of Portuguese origin, on inferiile sands of the
Swan Coastal Plain.

(b, Pinus rad,iata on the more fertile and moister soils of the inland
valleys.

In the case of the forner, intensive management is required to overcome
the handicaps of the site. In order to reduce the competiiion ol the native

vegetation and raise the inherent low level of lertilitv of the soils, treatment
requires complete cleadng and cultivation pdor to planting, application of
superphosphate and zinc oxide and cultivation after planting

The early plantations of Pin16 pinaster were established mainly within

25 mites of the capital Perth, in the 32 to 35 in rainfall zone. The main

concentration is at Gnangara, at the SE cornel of State Forest No. 65,

which comprises 150,000 acres extending NW flom Gnangara in a narrow

belt roughly parallel to the coast (Figure 1). So far about 14,000 acles have

been planted. More recently, smaller areas of plantation have been estab-

Iished at Yanchep, 35 to 40 miles from Perth As the bulk of suitable land

at Gnangara is already planted, future development will need to take place

between Gnangara and Yanchep, and beyond Yanchep. Such a develoPment
involves extrapolation beyond the known suitable localities, into an alea

charactelised by relatively rapid changes of vegetation, and suspected, but

as yet poolly documented, deterioration of climatic factols. It is suspected

that there is a decrease in the annual rainfall and the length of growing

season and an increase in the evapo-transpiration. The reason for' the in-

adequacy of climatic records lies in the extleme infertilitv of soils, which

until recently has been a barder to economic development and close settle-

ment of the alea, in spite of its proximitv to the capital. For this leason,

a thorough appraisal of the poiential for plantation establishment was con-

sidered necessary.

R,EVIEW OF P.dST WORIT

At the commencement of the current programme, much was aheady

known about the area. Work carried out earlier, both bv the Foresb Depalt-

ment, other government agencies and the University of W.A, was utilized

in the present study. This is briefly Ieviewed to show the leason for the

adoption of the particutar methods used in this study.

Climate.

Complete climatic data are only available for Perth. The nealest long

term cl imatic stat ion on the coast i  at Gelaldton over 200 miles to the north.

Moderately long telm rainfall I'ecords (34 yeals) have also been kept at

cowalla station, near the NE boundarv of the State Forest. MoIe recenuy

rainfall and temperature data have been also kept by the Forest Department

at Wanneroo and Gnangara, at ihe SW and SE corner of the area, and by
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the National Parks Board at Yanchep, on the mid-western boundaly. In
addition, annual rainfall figures have been collected for. the past eight years
from seven field raingauges scattered through the forest. Further rainfall
recordings are available flom sevelal settlements such as Muchea, Pearce
and Gingin east of ihe area at the foot of the Darling Scarp. The chief
deficiency of the climatic data is the lack of any proper evaporation data
outside Perth, and the lack of long term rainfall recordings within the
area itself.

Nevertheless, attempti have been made by Gentiui (194?, 1951) and the
Bureau of Meteolology (Anon 1966) to describe the climate oJ the area and
to evaluate it in terms of growth pot€ntial.

The Buleau of Meteorology (Anon 1966) places the area within the
25 to 30 in. mean annual rainfaU belt. Using the formula P : 0.54Eq',
it sets the commencement of the growing season at the 21st to 22nd Apdl

at the southern extremity, and the lengih of the growing season for Perth

at 6.3 months. Considering the northerly trend, it esiimates a reduction to

5.? months at Yanchep. The probability of drought is calculated to be con-
sistently higher for Yanchep than for Perth, the probability of a seven
month drought being 41 years out of 100 at Yanchep, but onlv 16 out of 100
for Perth. FoI an 8 months droughl ihe values ar'e 14 and 1 respectively.

Gentilli (194?), dealing with the bioclimatic controls in Western Australra'
considers Thornthwaite's moistule index for the coasfal plain to be 0 to 35,

as compared with over 35 for the jarrah forest and over 60 for the karri
forest. He is of the opinion that an increase of 6.35 in. in mean annual
rainfalt would change the vegetation of the coastal plain from aoodland
to forest. He also states that an increase of 4.58 in. has been observed over
the past 68 yeals. In another article (Gentilli 1951) he considers a forest
climate to be one in which thele are I months with a plecipitation/potential

evaporation ratio of more than 0.3, and 5 months with a ratio of more than
20. On this basis, the area in questlon is outside ihe forest climate.

Prescott and Lane-Poole (194?) considered that the optimum homoclime
for the Atlanfic races of Piz{s pinaster occ.urred. in the cooler, more humid
Iegion around Collie, Donnyblook and Br'ldgetown, some 110 to 150 rniles
to the south.

Landscape anal Soib.

The geomorphology of the area, fir'st dealt with bv woolnoueh (1920),

was revised by McAfthur and Bettenay (1960) in their discussion of the
developmeDt of soils of the Swan Coastal Plain. State Forest No 65 is
situated within this unit. Proceeding from the coast eastward the flrst geo-
morphic element is the Quindalup Dune System, a nalrow belt of uncon-
solidated calcareous sand dunes generally arranged parallel to the coast
(Figur'e 2). This overlies the travertine surface of the Spearwood System,
art older system of dunes consisting oi a core of aeolinite with a hard capping
of secondary calcite overlain by yellow and brown sand of varying depth. The
junction of the two elements occurs oufside the State Forest. The Spearwood
System extends for up to 5 miles east of the Quindalup Dune System and

10
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the Bassendean Association. The loss of iron and the accumula-
tion of organic rnattel, is not only a function of time. but also
oi topography. proceeding most rapidly in low lying, pooriy
drained ar.eas. The leaching is also oonsidered to proceed more
rapidly in the moiste!, cooler area south of Pelth. On the
basis of this, the following soil series are distinguished:-

(a) The Jandakot iron-humus podzols, occuring chiefly in
the western section of the Bassendean Dune Systems, ot
on higher parts of the landscape. These are charactedzed
by the presence of both iron and organic matter in the
deposition horizon and are moderately acid.

(b) The Gavin and Muchea, humus podzols, occurl.ing chiefly
in the eastern section and lower parts of the landscape,
ale charactelized by a pale grey subsoil, a predominance
of organic matter in the deposition horizon and moderate
acidity.

(c) the Joel ground water podzols occurring chiefly in the
depressions. ar'e char.acterized by ihe compleie Iemoval
of iron, a heavy incolpolation of organic matter. in the
surface, and the folmation of a vely pronounced or'gaiic
hard pan. These ar'e strongly acid.

Concurrent with tlansition in soil features is a proglession towalds a
mildel topoglaphy charactelized by low dunes and shallow deplessions, and
bhe complete disappealance of t lavett ine.

In addit ion io the above associat ions, the } lerdsman Associat ion of blacl<
olganic sands, peaty loams and t lue peats, occurs ln the deplessiorrs nelween
and within the Spearwood and BasseDdean Dune Systems (Figure 2.,
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(ii) Jarrah-maui forest (Eucalaptus mtLrginata and E. calophalla,
cn flats with a deposition horizon within ? fi. of the suface.

( i i i )  Tuart (Eucalaptus goltuphocephala) folesi on yel low sand over
l imestone.

( iv) Paperbark ( Mclaleuca preissiand) on swampy areas.

He consideled ( i i )  to be the best si te, and ( i)  the poorest si te. Tvpes
(i i i )  and ( iv) wele consideled to be intermediate, with a tendency to suDlmer
dlought and \vinter f looding Iespectively.

In a mole recent Ieport (Hopkins, unpublished) of the Bassendean sand
dune system Hopkins concluded that the most important posit ive factor \ i i th
r '€slrect to pine gro\tth is the presence of a deposit ion hol izon Nithin a short
distance of the sulface. Sites with this chalactel ist ic carrv a stand of eucalypis
wl:ose h€ight and stocking can be uEed as an index of si te potential.  } Ie
st less€d that \ratel is a key factor ' ,  which detelmines ihe presence and growth

of natulal vegetation, and throueh i t ,  the soi l  prof i Ie development.

On the basis oI this. Hopkins concluded that the nolthern l imit of pine
plrnt jng on the coastal plain \r i l ]  be detelmined by the rel iabi l i ty of rainfal l
' t rnd the presence of suitable edaphlc-topographic associat ions to concentrate
:rnd conserve lvate!. He considers that Gnangara and Yenchep close.ly apploach
.<uch l imits fol the Bass€ndean soi l  associat ion.

Tir 'o r ' inol but sisnif lcanL observaticns made bt '  Hopkins are that changes
ir soi l  type may modify the inf luence of topography, and that topoglaphv is
not a rel iable indicator of subsoi l  features such as depth to a deposit ion hol izon,
^ r  ^ +  h i n a  o r ^ $ t h  h ^ t F h t i c l

Recently Demounem (1965) dealt $, i th the relat ion bet]neen the sol ls, the
flol ist ic composit ion of the vegetation and glo$th of Pinus pinaster in Landes.
France. Although another Iace af Pinus pincLster and a dif ferent set of native
sD€ci€s is involved, thele is a c€r' tain palal lel ism bet\,een thc situation in
Landes and that on the S\ran Coastal Plain.

APPBOACH TO THE PROBLEM

Arailabi l i t l /  aj  Test Areas

Tt has been st lessed earl ier that the noltherly advance rn plantat ion

establ ishment amounts to an extrapolat ion beyond the ar 'eas of ptoven

suitabi l i ty. In anticipation of this possibi l i ty, the Folest Depaltment has

esiabl ished 7? small  pi lot plots dj.st l ibuted thloughout t l le State FoI 'esl No. 65,
and adjoining Clown Land. The hulk of these $,as establ ished in the veals
1955 to 195?. In view of the inac3essibi l i ty of the alea at the t ime, the plots

ivele lalgely located along N-S and E-W access t lacks. With one or two
exceptions they wer_e not establ ished in or adjacent to swamps, ol within
eucalypt lolest, as the IaIgeI trees found in such situations could not be

adequately cleared rn' i th the equi!,ment avai lable.

The actual area planted at each tr ial  plot is only 3 x 3 chains (09 acle)
This is suuounded by a ploughed firebreak one chain \tide, outside of \lhich

is found vi l tual ly undistur 'bed vegetation. Several oI the plots located neal

t 1
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easiest !\-ay to aD assessment of site potential. By contrast, in areas using
method (b), mole extleme envil.onmental conditions lesult in a simpler
vegetational pattern and lower population density, so that the effect of human
inlerlerence is less sevele and the vegetation lemains a reliable indicator ol
the intelaction ol envilonmental factors and hence of site potential.

Applying these observations to the alea in question, the following is foundl
(1) there is no detailed topoglaphical map, and soil mapping has so

far been carri.ed out only on a very broad scale of soil associations,
virtually ignoling the important effect cf topography within the
soil associations. Soil sampling of the iocal deep sands must be
carried out to a depth of several feet to Ieveal signiflcant difier-
ences, and is ihlls rather cumbelsome.:

(2) the only avaiiable data o1r climate ar'e short term, restricted
both in the number of factors Deasuled and in the number of
Iecolding stations. In view of the extleme infertility of the soils,
the vegetational patterns could be expected to be lelatively simple
and flee of human interference.

The case thus appeared to be overwhelmingly in favour. of the direct
apploach through the native vegetation. Before this was f inal ly adopted,
plel iminaly tests \1iere car'r ied out both \r i th undisiurbed net|/e vegetation
and with lesidual vegetation unciel young pine l : lantat ion. These shoved that
the vegetatianal pattern uer'e cleal cut and ref lected both the envi,_onmental
factols and the potential L' ine glovith.

Choice oJ Metllods Jor llLe Stud,A oJ Vegetation.

The acceptance of the "!-eg€tational" apploach necessitated a decision
on the best method ol defining and describing vegetaticn. It would seem that
in most ol the repolted site classiflcations based on natulal vegetation the
oumber ot specics in\'olved vas either small. oI that some form of prior
selcctioD $as €mployed to leduce the number of species to a level where the
analysis of thc pattern could bc handled by simple methods lesembling those
of t \e Blaun-BIanquet school (Cajander'  1926; I ] lvessalo 1929j Urc 1950,
Hodckin 1960). In the aleas llnder. study the vegeiation complises 16 tree
species and 180 smaller percnnial sllecies, chjefly dicotyledonous shrubs but
including s€velal monocotyledons and one cycad. Fortunately the past decade
has se:n vigorous development of quantitative methods in plant ecology, some
of which ar'e proglammed fol use in electronic computel's. There was thus an
oppoltunity to handle the full range of species initially, so that tlle best
indicators could be determined bv the analvsis \rithout the dangel of prior

subjective elimination.

It is dcsilsble to discuss some of the methods which rn'e1e considered
to be oi use in the solution of the problem. They fall into foul main

categorres:-
(a) direct oldination of vegetation along envllonmental gladients

(Poglebnjak 1955j Whittaker 1956; Warinc and Maior 1964);

(b) ordination of stands through similarity indices (Curtis and
Mclntosh 1950; BIav and Cult is 195?);
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same co-ordinate framework, making it possible to identify the factors and to

assess the capacity of the vegetation to rei.ect environmental conditions. The

sum of squares of loadings on the various factors for eacll species can be

taken as the measure of its value as an indicator'

As the factor analysis has been plogrammed for use in elecironic com-
puters the computational load, otherwise too great, ceases to be an obstacle to

its use. Apart from the choice of species to be used in the analysis there is

little scope for subjective judgment. Factor analysis is the main method

employed in the present study. Its chief limitation was found to be in the

restriction on the number of species which could be handled at any one time.
This was found to be approximately one half of the number of plots. For

this reason method (d), the association analysis, was also tried.

As,sociation analysis. pioneered bv Goodall (1953) but used more exten-

sively by Wil l iams and Lambert (1959; 1960; 1961), is an analysis ol vegetation
in terms of the association between species. It difiers from factol analysis in

that ii uses qualitative data of plesence and absence instead of tlle quan-

titative data such as frequency or percentage cover. It differs from the
three preceding methods in that it results irl the classiflcation and deline-

ation of groups of species or stands instead ol ordination. The result of

normal association analysis is a grouping of plots of stands deflned by presence

or absence of several key species. The inverse assocration analysis results in
a grouping of species based on their plesence or absence in several key plots.

The former can thus be used io classifv stands, the latter to define groups of

indicator species. As both procedures are plogfammed for computer use, the

dimculty of a heavy computational load can be overcome.

Williams and Lambert (1961 b) have combined the normal and inverse
analysis into nodal analysis which deflnes gloups of stands characterised by
a set indicator species, ca1led noda. This step is not programmed for com-
puler use,

Choice al Method,s lar the Assessment ol Pine Plob.

It has been stressed earlier that the only source of infolmation on the
growth of Pi?Lus pituaster in ihe alea under study were small pilot plots of

less than one acre, mostly less than ten years old. In some of these, Pinus

brutia vtas also planted, reducing the area under Pinus pinclster. The uniform

area per plot which could be sampled was further reduced by difielential appli-

cation of zinc sulphate to the t1vo halves of the plot. Ultimately ii was found

that aftei allowing for adequate suuound to exclude the abnormal outside
(break) t lees, a sample area of 0.1 acres (2 x + chain) was the most that

could be used in assessment of pine growth. Actually, usually two such areas

were measured, ol'Ie in the poltion which was treated wiih zinc sulphate, the

other in the control, but 0.1 acre remained the lowest common denominator for

all plots.

Severe restdctions also existed in the choice of parametels that could be

measuled. As some of the plots had been thinned but othels had not, volume,
basal area and mean diameter. all of which are kncwn to be strongly affected

by stocking, could not be used. Some form of height growth measurement was

thus the onty avenue left. As the plots difiered in age, mean height could not

be used without some form of extrapolation to a standard age of 15, 30 or
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t-
(2) A test of its correlation with other par-ameters of pine growth,

such as predominant height, basal areas and volume.

Both tesk were car ed out in co-operation with the management research
section, which at t] e time was engaged on the collection of data for a
Pinus pina,ster volume table and in testing the validity of the former methods
of site quality assessment in 15 year old stands. The volume table work
involved the felling of randomly Iocated plots 1/40 a(xe in extent, in all
stands of Pinus pinaster over 15 years of age, both on the Bassendean Dune
System at Gnangara and the Spearwood Dune System at Somerville. The
writer accompanied the matagement research crew arid recor'ded the complete
nodal growth of the three tallest trees per- plot, with comments on the nature
of each whorl. fn addition four to five stem sections were cut out at intervals
along the bole. A dng-count of all stem sections was carried out in the
laboratory to establish the numbel of years r€quired to reach a particular

height and this, together with the neld data, uas used to reconstluct the
height growth of the sample trees since the yeal of planting.

Althouch Pin?rs pinaster may ior-m more than one whorl pel year', iN is
relatively easy to establish which whor'l lepresents the end of the annual
height growth (Figure 3). The height gro\r th of Pinlls pinaster commences
in eally spring and continues until the moisiule becomes limiting. Vigorously
growing pines may form a partial whorl of one or two strong upright branches
at a narrow angle vith the bole early in the season. or a latel complete
whorl of thin branches situated just below the terminal whorl ol four io
seven strongly developed branches (Figure 31. The tendency to form addi-
tional whorls appears to have a genetical basis, but flnds expression only on
the better sites. On poor, dry sites viltually all trees are uninodal, reflecting
the shortness of the growing season.

lff:
-F

:

Eranch whcrr types in Plnzs o""^*r f "l'.5"iti.,';"atiDs the nethod used lD determmns
annuol height growth, ('f-terminal. l\{E early mi.l seasoD, ML Late mid season vhorr).

The reconstruction of the height growth was accomplished by plotting

the height to each terminal whorl against the age at which it was formed.
The data fol the three tallest txees on the plot wer'e avelaged, and the 5 year

height intercept was measured as the combined lengih of flve longest consecu-
tive intelnodes at or above breast height. The five yeal height intelcept

20
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TABLE 1.

Relationship between Five-year Height Intercept, Age and Predominant

Height in Pituus Pinoster Sl,ar\d.s.

5-r''c:r.
height

PredoDiraxt Height (ft) at ree of

25 years 35 years10 reafs

2 l
24
2 i
30
33

t 2
15
t 8

27

l5  venrs

30

38

48
55

30 Years

:]5 39
ll0 44
45 50

59 66
6i 1ri

42
1'.]
54
6:
t l
8 l

43

51-
65
74
85

Although the relationship between height intercept and predominani height
altels slightly with age, in that the height growth levels ofi more rapidly if the
height intercept is low than i f  i t  is high (Flgure 4), the rat io of the poorest to
the best remains r-elat iveiy constlnt,  fal l ing only fr 'om 0.54 at age 10 to 0.50 at
age 35. Whatever difference there is between the various height intercept classes
is already fully expiessed at the age of 10. No significant difierence was detected
hetN€en the pattern cf height grovJth of plots belonging tc the two dune systems.
Height interc€pt can thus be acceped as a suit1ble means oJ predict ing the
he:ght erowth af Pinus pinastel 'up to the age of 35 year's.

In the second test, 150 temporary, variable radius plots were located in 120
ri,cr es of 15 year old pines in the Noi_th Kendall section of Gnangar4 plantation.
Location was by randcm strat:f ied sampling based on site mapping by the old
subjective method which it was proposed to test.

The following p.arameters were determined for each plot:

(a) Top hei-qht, that is height of 30 tal lesi tre€s per acre.
(b) Predominant height, that is height of 100 tal lest trees per'  a.Le-
(c) Basal area of trees 4 in. D.B.H.O.B. and over.
(d) Basal alea of al l  trees ir lespective of slze.
(e) Melchantable volume to 4 in. overbark.

It was found that the subjective classiflcation, carried by ocular estimates
with occasional instfument checks of heicht and basal srea, delineated site
classes which dif feled broadly in al l  of the above parametgrs but lacked con-
sistency and precision.

whilst tho data was being analysed, the same area was remapped, using a
2 x 2 chain grid. Al each point of the grid, the height intelcept of the three
tallest trees within a 0.1 acr_e circular plot was measured, and the ground vege-
tation described. The area. was then remapped on the basis of the five year

height intercept and ground vegetation types (Figule 5). The latter shall be
discussed later. In the Iormer, three st lata were recognised:
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(1) heichi inielcept less than 15 ft . ,  containing 30 samples.
(2) height jntercept between 15-20 ft . ,  containing 42 samples'
(3) height intercept over 20 ft .  containing ?8 samples.

l-he stratum means and confldence limits for all the parameters are given in

Table 2.

TABLE 2.

Relationship Bet\teen Ileighi Intercept and other Parametels of 15 Year Old

Pir'us Pinastet SNar\ds.

Height  Intcrcept

Descliption Siatistnrs tt ** 15 20 feet 20 feet

, * , ,n . ,  -  .  ' , '  ! r ;  , r ' *  45. t ie
o , I 1 :  l i n l .  l - 0 . 0 5  +  r ' 4 1  -  r . 0 3  - ! 0 7 9

t u r f .  l i m . ? : 0 . 0 1  - 1 9 0  + 1 3 8  + l 0 : ]

l redor, , inant  hsFlr i ,  ( f t . )
c o n f : l i m . p :  O . ( 1 5
c o n f .  l i n .  p  :  0 . 0 1

g r  . 45  36 .76  43 .  39
a  r . 4 9  +  r . 2 9  +  0 . 8 2
1  2 . 0 1  |  r . 7 3  +  1 . 0 8

B:1sal &rea O.B. of trees lrver 4 in
DIHOn (sq.  | t laete) co r l ] nn .p  ' =  0 .05

c o [ I . ] j m . p : 0 . 0 1

c r r f .  l i m . p :  i ) . ( 1 5
conf.  l l l l1 .  p :  0.01

48 .33  89 . : 19
+  9 . 6 5  +  8 . 7 7
+ r 3 . 0 0  - 1 r . 7 3

1 0 8 . 9 7
-  6 . 7 8
+ t 1 . 6 8

Rasal area nll trees

- 95 .08  +180 .3 t j  +4 r -2 .42

The data show clearly that the five-vear intercellt is a satisfactofy index

of othel parameters ol tree growth

Test oJ Vegetation as dn Inilicator ol Site Potentiat.

The test was carried out in the only two areas along the margin of older
plantations where both pine ptantation and relativelv undisturbed native

woodland occuued side bv side in a toposlaphical gradient. one of the areas,

extending from a seasonal swamp to the upper slope of a dune, was siiuated

within the Bassendean Dune System at West Gironde west of Gnangala. The

other vas situated within the Speai'wood Dune Svstem at the Hundred Acre

Block north of Yanchep, and extended fl-om a shallow depression to an

elevated linestone outcrop. The nlethod adopted was essentially the whittaker
(1956) environmental gradient study, modifled so as to give synthetic data

similar to those used in Curtis's (1951) studv of continua. In each case, two

Iines of 33 ft .  x 33 ft .  (10 m. x 10 m) plots were located along the slope to

sample the maximum topoglaphical variation Within each plot the basal area

of each species was determined by diameter measurements. The height ol

the tallest tlee, irrespective of species, was also measured. In addition, the
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x 66 ft. (0.1 acre) plots. Within each plot, the percentage of the total basal
area contributed by each species was designated as its relative basal area, and
the percentage of the totat number of stems contributed by it as its relative
density. No attempt was made to assess the relaiiYe dominance, as done by

Curtis (1951), and the imporiance value of each species was defined as the sum

of its reiative density and its lelative basal area, both of which could be

detelmined objectively. The data from the Bassendean Dune System are used

3  1 0 0

lmp0dance vah*  =  re la t l ve  LA+ R€ la lw Dent i t v Banksla gland s o - _--o
Barksia 3 l l4!a la + --+
Bdksia menl iesl i  * -  - -  t

-a- 
-'--+\

- - > t < : + - - + -

30

Distante aloos trmtd I cfaiis)

summary oi fDalings of a pleliElDarv test of the abilitv of Dativ,e Yegetatlon to indlcate
poientiai ror pine Erowth, iaried out alo,Ds tbe boundarv of a 13 vear old plantation at

3rl

1 , -

e

t 5--- '.-.

NON SPIC FIC FEAIURES OF NATURAL VEGETATION,

NEIGHT GRO\YTH OF P NE

26



aJo^! slold-qns'?J tI x lJ gT o,!r1 'lold qr"a uiqlrl\ .poJnsBau osl€ s€,r'selreds
Jo o,r'!.lcedsar4 'aar1 

lsell€l aqt Jo lq5raq oql 'uoI?IppE uI saqcur xls aoleq sE^\
SOII€ICI JI Jolc€J pJEpu€4s B .{q uollErrldr?Inlu puB +unoc IIIoqs € dq to 'saqcul

xF pepaecxa soHgcl Jl lueulalns€aur Jolatu9rp -LrroJJ poulruJolap s9L. sercads
qcEa Jo lr€qror\o soJ€ I"s€q oql 'lold qc€a ulqlrA lold eurd aqi Jo apls
Surpuodserroc aq4 Jo lurod-pru aq? a4rsoddo €uroq lold l€uorltsloBo^ qctsa Jo
lulod pllu aq1 'crl€ura1s,{s ,{Iarnd stsid uo!1Ecol aqI >I€erq aJg poq3nold oq1
Jo a8pa eq? ruor] uI ur€qc 9 0 pu€Ipooa! paqlnlspun aql ul polEcol ,s1old ul€qc
9 0 x surcqc Z 'erc€ 

T 0 JnoJ f,q paldur€s stsA\ uoll€1o8oa FurpunoJJns eqJ

'uollo1abaL 6ulp noJrns to ouzldluns

'parnstsau orarlr ldoclalul
J€a,t-e,{U pu€ lq8laq Jloql pu" palEcol ere^t saoJl lsall€l 0I aq? '?old qc€a
ulqtrr^|slold raplo aql Jo es?c aqt uI po,{tslop l€qrAeulos eJa,lr s?uotulEoll
eqI sr€af, ua^es ol elru Jo aFE aqt 1€ aJcE tad o1€qdsoqdradns Jo 

.lrldc lnoJ
qlrnd. pazllrlJal ulEE€ puE sJtsa{ oalql Jo a.8E eq1 1€ el€qdlns culz Jo uollnlos
'luoc Jod q Z € r{1ra pef€Jds 'lualuqsrlq€lsa 

Jo so€€ls ^IJEa aql uI acuo 1s€ol
1€ pal€^4lncer '8ul1u€Id ralJ€ -dlelerporuurl eaJl Jad eltsqdsoqdtedns Jo 

.szo

Z qlrrd polEo.rl 'Sullu€ld ol Jor.rd po,l€^IqFc pu€ par€alc 'luelxa ur 3rce I.0
lold E snql s€ad ?run crs€q aqJ, srsdltsu€ I€uU aqt q pasn 1ou otond aseqJ
'alqls€al s€^\ slql olaq^\ slold lolld asoql ur siolluoc culz-ou eql u! pal€col
oraid slold o.r.E I0 l€uorltppv slold urEqc I x urtsqc I ol poglpolu aq ol p€r{
srql'perldd€ oJaa\ sluelulEerl a4€qdsoqdradns I€rlueregtp qcq^\ ur'slold Japlo
?ql JO /ito] € uI S1CAJA o8po pro^ts 01 s€ os lold lolld aq1 Jo orluar aq1 ur
palEcol '+old ul€qc a 0 x surtsqc Z 

'oJcE 
T'0 € stsnd. lrun prtspu€ls oqJ, ..rerlrgo

qll,4r ll€ap uaaq s€q qold lolld aq? urqlr^{ slold aldur€s oq1 Jo uoncalss aqJ

's?o'Id aql ur41?1A sauxd to Du?ldurDs

sJota Joard ,{o INsl^Isuosvsul

'allugop puE a^I?lsod s?nd slql 01 r3^\suE aqJ/ qlaror8 aurd JoJ
lr4lualod aqq Jo pu€ suolllpuoc I€luauuoJgue Jo JolEclpul uE sI uol1ts1a3o^
o^r?€u 1tsq1 slsaq4odf,q aql 8uqsal uI ln]osn 

'Ja^a^\oq's€^\ 
1I orn?srou saprsaq

srolc€J Joq?o so^lo^ur ,{lsnol^qo qcrqrt ualqord eq1 Jo eJnlBu l€uolsuaurp
-r1Frx aql 01 pallns Je11eq s€rrd. sIsfI€uB JolcEJ asnecaq r{Il.rBd's€arts 3uI
-punoJJns aql ur punoJ solcods aorl aallEu Jo o8utsl Il€urs eq1 Jo osngcaq {t1JEd
'slold qolld aq1 Jo srs,{Ieue ur€tu aql ur osn pat$ull Io pa^old qc€orddts oqJ,

'lCASUtsrl aq1 JO Sl(Ia(uias eql JO xJpu-r aJnlSrOtU
IAUOT1€138OA aq1 aultuJolap 01 pasn OIAA\ 'SAICAdS qCEO rOJ anIEA aCU€1.rOdUr!
qllrd raqlo€ot 'ssur1Er oqJ, uorlEpunur lool Jo srBa,4 l€.raaes srq^I^Jns Jo
olqedtc qcrt4t$. onnUd,o?qdDqJ ocnalDlalt .roJ 9 t o1 ??sa!zuau, ttNsquog IuEtaIotl
lqSnorp JoJ 9 0 luoJJ po8utsr foqJ sJaqunu uo,rl€ldEp€ x€lurlc (T96I) s,sqJnc
JO uJall€d ar{l ralJ€ 'SoruEJolol pu? sluauarnbat aJnlslour Jlaqj 01 lradsal qlr^l
sarcads eo:rl snoF"A oql JoJ 3Ur1€J € dolarrap 04 pASn OSIts al3.{{ g}CASU€J1 AqJ

'Ja$ou?d snulA Jo qlt\or8
lq8leq aql pu€ uoqtsla8aA aAq€u uaard.leq dlqsuollElsr oql al€llsnlu 01 .l .8Id

u! pasn ar€ rualsds auno poo^\Jtsods oql uorJ €1Ep oqtr. suorlrpuoc I€lqaur
-uoJ,r^ue puE uor1tsla8oa a^-rltsu uoa^qaq drqsqorl€IoJ aql A\oqs 01 9 .5-rd uI



located systematically for the determination of the presence of understorey

shlub species. The size of the sub-plot was an approximation to 4 m. x 4 m'
quadrats, commonly used in ecological studies for shrub sampling (Oosting

1948). The size of the tlee plots was based on preliminarv irials which

indicated that the 10 m. x 10 m. (0.5 3 0.5 chain) ploi, commonly used for

sampling oI the forest canopy, l\'as too small for the scattered' broad-crowned

Euculu'Dtus species.

Soil So"ltupling.

In the centle of each ve3-etation plct soil samples \qere taken by a Veih-

meyer tube at the 0-3 ft and 3-6 ft levels. The soils weIe analvsed by the

soi ls sectioD oJ the Forests Depaltment. Each sample was analysed for per_

centage 01 iron and soil reactiorl, (considered to be indicative of the deglee

of Ieachlng), and for Ioss on ignit ion ( indicative of organic matter '

accumulation).

As s es sment o I T opo lr aphlJ.

Topoglaphy was assessed qualitatively by a Dine-poini scale langing lrom

1 for permanent swamps to 9 for exposed high r idges.

ANALYSIS OF DATA FR,OM PILOT PLOTS

The vegetaticnal data fr'om the surlounds of bhe pilot plots wele used as

ihe basis of ordination in the case of factor analysis, and as the basis of

classiflcation in the case oi association analysis The pine glowth and soil

data wele then fitted within ihe lesultrng framework o'_ classes'

Fdctor Alta,Iasis.

The method used, though knoNn in ecological literature as factol analysis,

is real ly principal component ana.lvsis (Dagnetie. 1960) I t  di f ferb in some

Iespects f Iom t,he factor analysis in the str ict mathematical sense, but the

]esults ale usually comparable. rt  was chosen because a computel plogramme

clevelopecl by Mr. B. Holan of the W.A University Computing Centre was

ali_eady avai lable Iocal ly. BefoIe the computation ploper could Jommence, minor'

Dloglammes were used to calculate tree basal alea from the basic data, and

to sum up and tabulate the data flom the four vegetation plots belonging to

each pilot plot. The inpul, data proper thus were, in the case of trees

basal alea in square Jt. per 0 4 acr_e, and in the case of shlubs, frequency

oub of eight 13 ft .  x 13 ft  quadrats As the suuounds of some of the

pilot plots lvere lost in clealing, and other plots now situated in plivate propertv

lvere iost altogether' ,  onty 6? pi lot plots wele avai lable for vegetational analysis'

Earlier trials bv Dr'. Goodau of the CSIRO Division ol Mathematical

Statistics showed that the Horan plogramme could only be used if the numller

of plots was double that of the number of species. Thus the number of shrub

species had to be Ieduced to 30 species of high to moderate occulrence'

The first outp.ut of the plogramme, the loading of the various species on the

factors. shown in Figure B, indicated quite clearly that the degree of leaching

Lrndelgone by the soils was the main determinant of the species distribution'
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be characteriz€d by intermediate values, whereas the former groups had either
very high or very tow values. It was thus reasoned that the second factor
repres€nted insensitiveness to soil leaching, or tolerance to both very strongly
and very wea,kly leached soils. It was therelore of limited use, being an inverted
form of first factor.

Attention was then shilted to the third factor. A valuable lead was provided
by the fact that the species with the highest positive loading on the third
factor was Eremaed, paucifl,ora, common on ihe inferior, droughty sites within
the BasseDdean Dune System at cnangara, whereas the species wiih the highest
negative loading on the sa'me factor \ras XdntlLorrhoed preissi?, long recognised
as the indicator ol the optimum moist sites. Reference was then made to the
topographical iransects, for which soil moisture data were available. The
graphical summary of the data clearly confirmed Nhal Eremae& paucifl.ora and
Xanthorrhoea prefusii represeni droughty and moist sites respectively.

The loadings on the third factor for other major species associated witb
droughty sites, e.g. CalotlTamnus sanguineus, HcLke@ costdtct, JacksoniL flori-
bundn and Leucopogon conostephiaides were positive, whereas ihose for species
characteristic of moist, sites, e.g. Dasupogan bromeliaelolius and. Eremaeo,
fimbriata, wele negatlve. Thus the third factor could be identified with moisture
availability. As the moisture regime is usually a function of topography, the
subjective assessment of the topographical position of the pilot plots within
the factor score flamewolk showed plots situated in depressions (swales) to
have mostly negative scores and plots situated on upper slopes of dunes to have
ilositive scores. The classiflcation oJ intermediate sites, such as flat-slope
transition and Iower slope, proved a failure. This agrees with earlier' observa-
tions that topography is not a good indlcatol of soil moisture regime or site
poiential, except in extreme cases.

ci o'

o! {

Ftg[re 10,
Distrlbutton of the pilot ptots within the factor 6pace, on the basis of the ptot factor

score6, The nuDbers refer to plot nuDbers as used in this study,

30
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the analysis. It was mer,ely placed in the analysis near the origin of the
co-ordinates. The chief feature of plots 34 and 6b was the extleme slowness of
initial growth, shown in the very short basal internodes. A complete height
glowth recapitulation was therefote calried out. It revealed that the pines in
the two plots did not enter the stage of maximum height growth until the age
oI six or seven, instead of two or three. As ihey were giyen their: supposedly
second application ol superphosphate at age five, it is suspected that the magni-
tude of theil response is due to the fact thai the initial application was either
not carried out at ail, or else \ras inadequate.

: r : "  .  '  ' i

N 0  D F C t C H T  0 i A l t 5  0

fEfi ,

irAtiY

1 1 . . ' t

Rerationship berween prot ractor scol.es .Itilj #; (r.aching) and third (moisturel iactors
and the potential for rr inc srowih rn terms ofJir yer h€rght inter.ept .rLd clfought death

A1l seven abeuant plots ar.e omitted from Figure 12, which illustlates the
t)atteln of five-year height intercept within the co-oldinate framework. It can
be summarized rather simply: The poorest si tes, with a height intercept of
?-12 are those with high posit ive F1 and F3 values chalacterized by droughti-
ness and a high degree of leaching; that is the Gavin ancl Muchea soil ser'ies.
Roberts (1966) demonstrated that this soit  type is unfavoulable to plants. Next
to these, with a, height intercept of 11-14, arc dloughty, but somewhat less
leached sites colresponding to the dry phase of the Jandakot soil series. The
moist counterpalt of the poorest gloup, with high positive F1 but negative F3
colr_esponding to the moist phase of Muchea and Gavin soil series, b next
v,:ith a height intercept of 13 to 17. The moist phase of the Jandakoi series $ith
a. high negative F3 and low positive Fr, and the dry phase of the Cottesloe and
Kauakatta soil selies with high negative Fr and positive F3, showed a similar
potential. The intermediate and moist ph:rses oi the Karrakatta and Cottesloe
series, with negative F1 and low posiNive to high negative Fr ploved more
variable, lhe height intercept ranging fr.om 14 to 19,

On ihe whole, then, moistness of the sitc was more impoltanf to height
growth on the highly leacbed sands ol the Bassendean Dune System, where
the heicht intercept was markedly lower on the dry sites, than on the lighfly
leached sands of the Spearwood Du0e System. Similarly the degr.ee of
leaching was markedly more significant on the dry than on the moist sites.
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Similarly the moist phases of all soil selies, characterised by negative F3
scores, are typified by high frequencies of Xqnthorrhoea preissii and low fre-
quencies of Eremaea pauciflorq, the reverse is true of dloughty sites charac-
terized by posiLiye F3 scores (Figure 14).
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Figure 14.
Distdbution of tYJo shmb lndicator species within the factor space. Tbe species ale those
wlth the hrchest poslllr€ and bighest negative loadings on tbe third factoi, that is, vith
the hiahest aensitlvrty to sorl hoisture avaitabilitv. The ngures refer to mean frequency out

of o set ol eight 13 ft. x 13 ft. sub-plots.
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RELATIONSHIP BETWEEN NATU}IAL VEGETATION ?:YPES AND
PINES IN LARGE ESTABLISHED PLANTA:.IONS.

The \xork so far described was characterized by a sirong emphasis on natural
vegeiation and relatively poor coverage of the various aspects of pine growth.
This lack of balance was unavoidable, because the proportion of the nor.thern
alea planted \:i'ith pines was so small, and the pines so young, that the only
parameter of pine growth nieasuleable was the five year height intercept. As the
height intercept has been shown to be couelated with other palameters, such
as height, basal area and volume, it can be used to relate these parameters to
natulal vegetation indirectly. There is, however, an alternative which is a
virtual reverse of the situation described above.

A certain proportion of the native understorey species survive the clearing
and cultivaiion involved in the establishment of plantations. They form a
scattered understorey in the pines, and could presumably be u-sed in site
classification of Iarge aleas of plantations. The possible objections to this
approach are that the residual understorey within the plantations represents a
biased selective sample, composed of species with greater shade tolerance, or
that it is merely a- tempolary seral stage. Despite these possible limitations, this
approach has been successful ly used by Ure (1950) in New Zealand and cadnon
and McAlthur_ (1959) in Canada. A prelimjnary reconnaissance of the Gnangara
l)lantations indicated that apalt from Ad,enanthos serice4 (woolly bush) few if
any of the native shrub species could be looked upon as colonizers, and that
the bulk of the residu-al shrubs $ere survivols from the original vegetation,
lather than individuals which have grown up since the establ ishment. Further-
more the topographical sequence of residual species from swamp to crest of
dune ivas broadly the same as in the undisturbed native woodland.

The work involved in the measurement of height, basal area and volume of a
iiufficiently large number of sample plots would have been prohibitive, \iere it
not that such a set was already available. The set referred to is thai of 150
variable radius plots established by the Management Research Section, aheady
utilized in the testing of five-year heighi intercept.

Concurrently with the testing oJ the height intercept, and using the same
2 chain x 2 chain grid, the entire 120 acre section of the plantntion in which
the plots were situated was stratifled on the basis of Iesidual vegetation (Figure
5). Five basic vegetational types \rere recognised:

(a) HEpocalA?nmd angusti lal ium.
lb) XarLtlTorrhoea preissii-DdsApoEon bronrcIiaeJolius.
(c) Leucopogon conostephioides Scholteia inDolucratd, - Eremdea

pduciflorcL.
(d) Astroloma rerophq\Illm-Acdcia sphercela,ta.-Cd,suarirla humilis.
(e\ M qomelaena stugid,-Hibbertiq lLupericoid,es-C onostvlis canalicans.

The first ihree groupings formed a continuum, which proved very diffcult
to map as discrete areas. For this reason, two tlansitional types were added,
namely:

Hapocalurlma angustiloliuln-Xqntlrcn'koea pr ebsii
and

Xdnthorrhoeq pr ehsii-Leucopog atu conxtephiod,es.

In addition two other vegetational types, occurring on very small areas only,
wer.e also observed. One of these, composed Taphq, spp. and sedges, obviouslv
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I1l the transition zone the differential leaching of moist and drv sites has led

to a predominance of shongly leached soils of the Bassendean Association in

the depressions, and of weakly leached soils of Karrakatta Association on the

dune slopes and crests. Swampy sites with weakly Ieached soils are thrrs a rate

combination, and do not walrant furthel consideration.

In as much as the summer drought incidence and stem deformation bv hieh

water ground-water ta.ble occur at the opposite ends of the leaching continuum

the two problems can be dealt with separately. The first problem can thus be

simplified to a, consideration of the adeouacy of water reserves of the weakly

leached sands of the Spearwood Dune System The secoDd problem can be

reduced to a, study of the maximum height of the ground-wa'ter iable in ihe

lrighly leached sand-s of the Bassendean Dune System.

V eg etat ional Tr o tusects.

The above simplification makes it possible to Ieintroduce the transect

rlethod of vegetation study

This is particularlv desirable as both of the problems involve the study of

extremes. It has been stressed earlier that in the establishmeni of the pilot

plots the more extreme site types, such as swamps and limestone ouicrolls' were

avoided. Yei it is on these site types that the extreme forms of environmental

limitation a.re best seen. By aligning ihe transects along ihe steepest' envrron-

mental gladient in a area under study, the variation in the environme-ntal

condilions and in the stlucture and composiiion of the native vegetalllon can

be studied side by side.

Two of the tlansects emploved, the West Glronde and the Hundred Acre

Block transects, are the extension of the preliminary trials The others were

established later to sample, as far as possible, the full range of environmental

conditions within the State Forest No. 65. Their limitation lies in their sub-

jective selection, and their small number. There are only nine of them and they

ar'e not by themselves replesentative, adequate samples of the whole area :lhey

have, however, proved very valuable in the study ol correlation between

envilonment and native vegetation.

The transects consist of l ines of 2 chain x 2 chain (40m x 40m) tree plots'

each containing eight 13 ft. x 13 ft. (4m x 4m) sub plots for the study of ground

vegetation. The basic dimensions are thus the same as in the ca e of the

surrounds ol the small pilot plots, but in one solid block' There is a sorl samp-

ling station corresponding to most of the plots' though in the case of the

Ionger transects ihere is only one siation to each two plots This was necessi-

tated by limitations in laboratory facilities for moisture determination For

each station, chemical data, and bi-monthly gravimetric morsiule readings are

available to the depih of 10 ft.. or to a barrier to soil sampling su-ch as lime-

stone. Each transect covers the full topographical variation in the locality'

from a, swamp or depression to a dune crest. The length of the transect vades

from 12 to 24 chains.
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rng potential in that their presence indicates siies which are too dry and too
leached for satisfactoly planting establishment.

S'everal other species, in particulaf Ad,enanthos oboData, Mel.Lleuca serTo.ta
aIJd. Dasupogon brortueliaeJolius can be looked upon as positive indicators, whose
presence is indicative of good pine planting potential. fn the case ot
Xanthorrhoeq, preissii lhe abundance, rather than mere presence, must be
considered.

Delineation ol Sites Susceptible to Summer Drought Deaths.

Summel drought deaths are natur.ally not restricted to Western Australia.
Drought deaths have been recorded even in the cooler and moister climate of
New Zealand, Beckhuis and WiIl (1966) attribute these to the unbalance
between large dense crowns developed under luxury moistule conditions, and
the lack ot available waier during the subsequent drought period. Zahner
(1956) stresses that summer\vater deficiencies of upland forest can be evaluated
only when the water need js compared with bhe water supply. IIe looks on
atmospheric potential fot evapo-transpilation as a measule of the need, and
on current rainfall toeether with stored water as the supply. fn another
article (Zahner 1954) he concluded that ihe soil moisture depleiion by pine
and hardwood stands lvithin a ciimatic region is the same.

The water. usage by native vegetation of the Swan Coastal lrlain has been
studied by Grieve (1955). IIe reports tnat with fl]e exception of Eucallptus
marginata, all the scheropirylls tested by him sho$,ed decreasing Iates of
lranspiration with increasing dry conditions. In the dry summer season the
soil suction was found to rise above the osmotic value of the leaves. The
plants temained under severe water stress until break-of-the-season lains.
The stress was more severe in the case of shallow rooted shrubs such as
BossicLeq. eriocdrpq arrd Hibbertia hvpericoid.es, than in the case of trees such
as Banksia attenuo,td arrd Banksia metuziesii. The reason for this was the
lnclease in moisture content of soil with depth, and a colresponding decrease
in suction from 50 atm. at 1 ft. depth to 0 atm. at 11 ft. crieve classified
the sclerophylls of the Swan Coastal plain into the following categolies:-

(i) Deciduous p.lants failing to show appreciable stress throushout
the summer viz. Phvllanthus ca.lllcinus.

(ii) Evergreen plants physiologically active throughout the summeI-
-\ \2. E ucalA ptus mo.r g inata.

(iji) Evergreen plants restricting their. physiological activity to the
point of near dormancy-viz. Hibbertia hypericoid,es and, Bossiaea
eriocarpa.

(iv) Evergreen species capable of restricting watel losses by stomatal
closure or some internal iactor before water source is completely
exhausted.-viz. Banksia d,ttenuata arrd B. menziesii, EucalEptus
caloplryIIa.

The thlee tree species in category (iv) difiered sligh y in their pattern
of transpiration. Banksia menziesii had a high rate of water loss in spring
but low in summer. Bo?rfusi4 attenuqtd had a low rate of water Ioss rn sprrng
and a relatively high one in summer Eucalqptus calopllElld was found capable
of reduciDg transpiration to vely low levels on summer days. By contrast, the
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the State Forest No. 65. The normal gravimetric moisture determinations were
cauied out on all transects. fn addition one of ihe transects provides a link
with a neuiron probe study. This study of the relative water usage under native
vegeta.tion and a young pine stand was carried out in co-operation with Dr. Il
Iioberts of the C.S.LR.O. Division of Plant lndustry.

Daia on native vegetation alone are available from three large pilot plok
of 12 acres each, which were mapped pdor to clearing. Inasmuch as the loca-
tion and safttlling was less subjective arld the data iend themselves to factor
ana.lysis, they shall be dealt with first.

Lu,rge Pilot Plats,

The first step consisted of selecting three comparable localities having
r'easonable access and possessing similar iopographic and edaphic featules, but
spaced widely along the N-S axis so as to sample the fuu range of climaiic
variation within State Forest No. 65. It was found that there rr'r'as virtually no
choice, the above speciflcation being held by only very few localities. The sites
ulLimately selecled had the lol lowing jn common:-

(i) A distance of approximately 4 miles from the sea.

( i i )  A westerly exposure.

(iii) A moderate slope spanning the range flom depression to upper
slope in 20 chains.

(iii) Moderate to weakly leached yellow sands of the Karrakatta and
CoLtesloe soi l  Alsociarions.

Ttley were located (a) between Pinjar and Yanchep neal the SW boundary,
(b) behreen Yanchep and Moore River, and (c) N.W. of Moore F,iver near the
N.W. boundary of the State Forest, respectively (Figure 1). In each case, a plot
20 chains x 6 chains (12 acres) was delineated, with the long axis acloss the
contouls. The vegetation was then sampled by restricted random stratifled
sampling, the strata being allanged along contouls. The sampling unit. was an
elongated plot 2 chains x 0.5 chain long, orientated along the contours.

The basal area of all tree species within the plot and the height of the
tallest tree, were determined. The shrub layer \i/as sampled by a chain of eight
one metre square quadra.ts, spaced systematically along the major axis of the
tree plot.  On each plot,  the percentage covel ol each species was assessed, and
the average for the set of B plots was calculated. The basal area of the trees,
and percentage cover of the shrubs, wele used as basic data for factor analysis
using the Horan computer programme aheady described. The set of 81 plots
$as us€d by Dr. Goodall  of the C.S.LR.O. Mathematical Stat ist ic section as a
test case fol use of the Holan programme for' phytosocioiogical data. It \ras
found that for proper functioning of the programme the full range of species
had to be reduced to 40, that is to half  of the number of plots.

Iiecause the plots were established within the Spearwood Dune System. the
the dominating effect of leaching found in the first factor analysis was absent.
It was necessary to eslablish a full three-dimensional system of co-ordinates
based on factor scores before the factors could be interpreted in tems of
environmental conditions.
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The charge in the hee stratum within the Spearwood Dune System, in
particular iis relationship to the N-S variation ir1. climate, is of major interest
in this study. The jarrah (Eucal.lptus marginato) is restricted to the southern
study area. It does, howeyer, occur as small scattered stands on sheltered.
moist sites in the central sector of the State Forest. It is entirely absent from the
northern sector. The bull-banksia. (Banksia gl.and,isl, and the sheoak (Cosuarina
traseriand, the common associates of jarra.h on heavier soils furthef south,
are widespr€ad in the southern and central sectors. fn the northern seclor ine
sheoak is absent and the bull-banksia is rest cted to several small sheltered.
moi,s, areas, chiefly along the Moore River. Ifolly-leaved banksia fB@7,/rsio
iliciloli , a relatively rare associate of jarlah on the moister sites in the south,
leplaces jalrah on these sites in the central and northern sectors. Bon.ksio
anenuctto and Banksia men?iesii are present in all three sectors, but their
rmporlance increases from south to north. Although the sand-plain blackbutt
( Eucalvptus todtiana) is only recorded within the southern study area it
normally extends throughout the three sectors. The Chrismas tree fNltgrsi@
floriburLdd, a root paxasite, is present but relatively unimportant in all three
sectors.

Or1 the whole then, the progress northwards is accompanied by the reduc-
tiot in importance and the eventual disappearance of species characteristic of
ihe moister, cooler region of the south and a corresponding increase in the
species vhich reach their maximum development on the northern study area, or
slightly to the north of it. It is interesting to note that at. the Mcl,arty and
Myalup plantations, 100 miles fufther.south, Banksid menziessii and, EltcalUptus
tod,ti(nLa are either extremely rare or absent on the Spearwood Dune System:
e\en Banksia graniLis alj^d Ca.suaritua lraseriq,Tla are largely displaced in the
understorey by Agonis fr,eituosa arrd Xalomelum occid.entqle. By contrast at
Cockleshell cully, 125 miles further south, even Banksid, men?iesii. Banksia
atttenuata a\d Eucaluptus todtia?La are reduced to clumps of shrubby treelets
on the best sites within an otherwise treeless heath.

Apart fr'om the changes in the specific composition of the tree stratum thefe
are also marked changes in non-specinc features, in part icular basal area,
which is th€ most readily obiaina.ble measure of site occupancy. The change in
average basal area from 6outh to north is from 61.6 ss. f t .  to 29.6 ss. f t .  to 16.9
sq. ft. per acre, for the pilot plots as a whole. This is possibly an exaggero,ted
picture, due to the replacement of the relatively d.ense Eucaluptus nlarginata
staDds on the southern lower slopes and depres.sions by the open, frost damaged
Banksia ilicilolid.-8. a,ttenuata stands in the corresponding positions in the
north. However, even on the mid slopes, which are free of frost damage and
are particularly well matched riith respect to soils, the average basal area falls
Irom 45.9 sq. ft. to 27.6 sq. ft. per acre proceeding from south to north. ].ei the
distance between the soutltern and northern plots is only 33 miles or 24 minutes
of latitude. The drop in mean annual rainlall between perth to the south and
Cowalla to the north ol these plots, separat€d by a distance of 66 miles or 50
minutes of latitude, is from 35.05 in. to 28.?5 in.; equivalent to 20 perceni. The
Iength of the growing season, calculaied by the formula p:0.b4 Eo r (where
P-efiective rainfall and E:evaporation) is given by the Bureau of Meteolology
(Anon 1966) as 6.3 months at perth and 5.T months a,t Cowalla. Eyen more



I9

'81LAUlnDUOS

snu1Lp1tr+oloC 'oJqpJs ocnaplal4l 3 e 'sllos daop 01 papllFer sorcads (t)

'sapDcxradna tqJaqq?H
'!!ss?ald DaoqJloLuuox '0$n$ D .aDleutosaw 'ptlol!1ol DlouxlJlls
'3o 'sllos daap puE r..oll€qs qloq uo;uJrrncco salcads uoululoC (8)

'ab?JntJas'a pl e onot
- raa rq D Lutd,o tlo d' psoraco ncnalnla 1I's!u)au\' rna unNaJauqalxJ?
utnuuadsouoD'saprcaalDll o.Nuosqcol'sap@uDau?l nlllno aqcsa'I
's|l'pllrpDnb sturLoqloloc 3 a s os nd.oll€qs pu€ daap qloq

olul ?€r{dleluos Surpuolxo 'slios rd.oll€qs ,{Iel€raporll Jo salcads (z)

'o?!.1s4a D pu€ ouD?uuoutolaql DallNaa.tD
'?qaoa1Lq pcnalDpN'utn?lotlpal unnDlunJL'D1?IcoJoPq otcocv
'€a salorclno auolsau4l pu€ sllos aloll?qs o1 pelJlJ?sor salcJds (T)

:sdnor: 8u!{olloJ aq1 olul pop!4,Ip flpEorq oq u€c ,{aqJ
'6I ern8l,{ ul ul\oqs s! Iuelsds aql urqllrrd salcads 6I Jo uor?nqr4srp aq&
'uolllsod ltsc]qd€J5odol pu€ auolsau4l ra^o os lo qldap Jo srsEq aq1
uo luals,{s ol€ulpJo-oc ,{sd1-o1d1 e olur paulquoc oJa/d slcasu€rl eql luorj
ts1€p qnJqs aqJ olq€u"AE osl€ ara^\ sasfl€u€ I€crueqJ puE suorlEururra?op
aJnlsloru flqluoru-rq 'tslEp aAIt€laBaA 01 uorlrpps uI 99 oN ?saroJl o1"1S urqlr^l
a.8u€i I€uIpnlIl"I IlnJ oq4 palatoc qalqrY! '!uals,{S aun(I poo.All€oals aql ulqll.{l
pelBcol slcasuEJl e^g w porpnls s€ad osoql Jo lcan:a aqJ 'srolc€J crqdtspa puE

clqd€r8odol ,tq ,{II€coI paglpour sI sortrese.( ro1€nd Jo uorl€4[uq I€uorSaJ aqJ

'I€Ilualod r&!roJ3 ar{1 Jo
SuIrorAoI lualsrsuoc fuE.fq u"ql sq?€ap lq8noJp.rpoued dq oJoru poulurrolop

ar€ quou 0q1 ur pu€1s eq1 Jo €oJ€ i"s€q rad\ol aql pug 'sarc6ds 
1q€Jolol

lq8noJp ssol aql Jo ecussq€ oq1 1€r{1 al€crpur pino,{{ t aIq€J ur €lEc

€[B.{oJ

q]]a.I

8I 81 06 16 00t 00I
tI It €lJ 06 /,6 00I
I 9r C9 06 66 00r

z
o
0

rlu"oo-I

sqluou "r }rlsnorp Jo uort€]n(L

'spoIJod

poulcads speacxg uollEJnc lq3norc qc'q,'\! ur 00I Jo lno sr€oit Jo roqunN
.' FIAVJ

't atq€I u! psur€1uoc

sr srql uollBrnp sqluoru au[r 01 oaJql ]o lq8norp l€uosBas Jo 
'porpqnq " ]o

lno sr€a,t Jo rsqunu Io surJal ur sarlr[qEqord sapr^ord (996I uouv) -f8oioroalal I
JO n9oJng eqJ lqanorp ero^os Jo ,1ilrlrq€qo.rd aq1 uI as€a.rcur eq] s! pacunouo.rd



T9

'|tuaulnDups

snuu-Lp1.oopc 'oJqoJs octuaLolaw 3 e 'sllos daop 01 paltlJlser sercods (t)

's aP lo tr rEd,nq o'L?JaqqlH
'!!ss?ald DaoqJ.Lollluox'06n1s Duao|euosaw'p?lol!|Dl D?DulIJ.'ls
'€ a 'sllos daap pue r..oll€qs qloq uo Sul.IJnaco solcads uoruuoC (8)

'anl.tntJas a pue nnol
- na rq o LzLtd,o )la d' p so racb Dctualop N's?loau.tl rba lunaaJouNlal -1J?
TUnUaJadSOUO[)'SapXOaaIDq n?UOSICDI'sAptoUoau.rl O!?lnD al.pSA'I
'sn'p!:?rpnnb sn7uoql.olDc 3 a s os rld.ou€qs pu€ daap q?oq

olul q€qlasruos Surpuolxo '.slios ,rd.oll€qs .{[e1€rapou Jo salcads (z)

'D?|I9aO D ptJts OUOluUO7UalAql 'allNAaJD
'.rqo6atq DcnaIDpIAI'ulrL?lotlpal u.nnpunJJ'o1?lcoJa1o1.1 Dl,cocv
'€a salorclno auo?seu{ pue sllos rldoll"qs 01 pa}tu4sor solcods (I)

-:sdnoJ.8 8ur,{ollol aq1 otul p€pl^lp flpBorq aq u€c .faqJ
'6I ern€L{ uI ul\oqs sI ua4sds aq1 urqltd\ salcads 6I Jo uorlnqulsrp €qI
'uolllsod l€ciqd"J8odo1 pue auolsorull ro^o l.!os Jo r.ndap Jo srs€q aql
uo luals,{s al€ulpJo-oc ,{E.{{-o,'\[l ts olut paulquloc a.Iond. slcasu€.rl aq? uroJJ
€l€p qnJqs aq,L alq€UE,rE osl€ aram sas.{lEue ltscruar{J pu€ suorlEururalap
arnlslour flqluou-rq '€lep a^!t€loBa,{ 01 uolllpp€ uI 99 oN lsaJodl a1€1S urqlur
aauer ltsulpntll€I IInJ aql poranoc qclq^\'tuals,{s aun(J poo^lr€ads aql urqlrra
pelBrol slcosu€J1 e,lg ur porpnls s€r!. osoql Jo ?caga aqJ srolc€J crqd€pe puE

clqd€rSodol .tq .{IlEcoI poglpour sr sa^resar Jal€ld Jo uoqts+rur{ I€uor8ar erIJ

'I?llualod ql^!oJ3 aq1 Jo
Suiral\ol lualsrsuoc fuE ,tq u€ql sql€ap lqSnoJp crpouad ,{q aJour paulruJolap

ar€ quou eq1 ur pu€ls oq1 Jo ?ere l€s?q Jand.ol oql puB 'sarceds 
1u€Jalo?

lqSnorp ssal oql Jo acuasqts aql 1€q1 alecrpur pno.{\ t alqu ur E}"c

€tierdoJ

qlra.I

z 8r 81 06 16 001 00r
0 tI Il €8 06 16 00I
0I9r99066600r

,{}rlsro-l

srt+uou {,r }qBnoJp Jo uorl€rLr(t

'spoIJad

paglcods spaoaxg uolltsJnc 1q3no.1c qclqid ur 00I Jo lno sJeax Jo roqurnN
'' FIAVJ

'' aIq€J u! psursluot

sr srqJ uol4€rnp sqluoru aqlu 01 e3Jq1 lo lqSnorp ltsuosBss Io 
',parpunq " Jo

lno srEof Jo raqurnu Jo sruJol ur sarlrflqEqoJd saplrord (996T uouv) fBoloroalaw

Jo n€aJng eqJ, lqsnorp eJa^as Jo /iIlrq€qord oq1 uI as€arcur egl sI pacqnouord



DEPRESSION

BA$5 OF

HOR ZONTAL

ON| ] IN AT ON

BAS S OF

VERTICAL

OROINATION

LOT/ER AI]D

MIDOLE SLOPE-wp 
rn ropr

AND CREST

IOPOOffAPN CAL POS]TIOIII

cAL0rHA[4N1]S Q',rA DR Ft0US

rT-F-]-t
l l l 3 l  I  |  |
tItIiT, f-l
CONOSPERMUI i

TR PLINERV]UMrF-i-r.l
l r l r l l l
tTr[fif t
PETROPI ]LLA SERRUR]AE

TT-fT-ft
fi-ttfi]
[l-I-rn
]RYI,/ AL UM LEOIFOLI].]M

f-tr-tr
|  |  1 6 l  I
frTlrfl
CRTV LLEA VEST TA

rt[r-Tl
l r l 2  I  I

rr-il,11
JACKSONIA I ]AKIOIOES

ITTT_TI
z  l z l :  |  |

t_T__FTi]--l
PETROPH LA BFEVIFOLIA

ET{TI]
f+++
t 7 l 8  3 t 2 t  l

MESOMTLAENA STYG A

rl;|l f.l
l 3 l  I  t t l

[ IELALEUCA SCAERA

Flgure  19 .

9:qT9l-1 of vegetation o_t _the speorwoo.l Dune system on the basis of topograprricarposrnron ond occurence of iimestone within thc sorl p!o6le, The fiaures refei tir thelrequency of occurrence of the main shlub specles in a sdt of eieht 13 ft:;13 ft. sub_prots,

OCCURRENCE OF LLI iESTONE T TH]X

PNO flL E

OF SI.]RUB SPEC ES VJITH]N THL COORDINATE SYSTEM

MELIIEUCA ]]UIOELII

XANTHORRi ]OEA PRE 5 I I I

CALOTHAIINI]S
SANCU NEUS

OCCIJRRENCE

r-ffl-tt
l l l r l l
ft-tl-tl
ACACiA | ]ETEROCLITA

CREVILLEA TH ELEMANN ANA

MELALEiJCA ACENO SA

ST RL NGIA LAI  FOL A

I ] IBBE RT A
HYPER M OES



qrrql\ :lcolg orcv parpunH eql Jo suoll.rod osoql uI .rncco la^o,lA.oq plp sq1€ap

o!{os paprocal o.rear sq1€ep ou 'rottas 
I"l1u6c eql q EoId lolld SuQuod

-so.rror aql Jo lsow uI paJJncco 1s€c alpaou ara^as q€noqllv rualsf,S ounc
poorArEods oq+ ulqlltd pal€ntls slold tolld 8I lo lno tI q paJrncco uos€as

t9-996I ,{Jp eq.} 8ur^\ollo] sqleap lq8nolp ratuurns 'lolcas uraqljou oql uI

'sq1€ap

lq;no,rp Jeurums ol spu€1s euld Suno^ Jo trlqrqlldocsns ul es€errul u€ trq
palall€r€d sI spr€a{qlJou Surpaacord tsal€ I€sEq e8€la^e pu€ salcads earl uI
es?e.rcap aqJ, lqanorp 01 tr?{Iqrldarsns 8tlrs€elcul Jo uollsclpur u€ sI sorceds
oa.rl Jo .raq(unu aql uI pu€ urnlgJJs Jall oql Jo €41€ I€s€q puB 1q5laq u! uoq
-cnpar aql ualstrs aund pooair€ods aq1 Jo spu€s poqcaal dl{€a^{ €ql uo

'flaloldruoc sr€oddtsslp umlerls oe.Il aql pu€ 'lsrxa u€t sartads
aa.r! ou ,{Iol€urrlul 'rllrou aql ur sodols laddn uo s[os ,4[olleqs ,{lolBJapour

rro plDtuualJp Dtsquog Jo {q1nos aql ul sdortlno ouolsaull uo DloAdocolTclluoo
snTdlilocng q?IA\ 'ecuBlsur roJ os€J aql s! sIqJ ells aql ,{dn?ro uec solcods
orU io euo .{Iuo lrlun paqsurulp dlo^-issal€o.rd sI salcads leiluolod Jo laqumu
ar{l salrs oruaJlxa Jrotu aql uO ^lInJ o.Ioul dolo^ap sorcods .roqlo aql lEql
'suolllpuoc 

I€lueuruorrluo eIq?rnoIEJ ssal ,{q papnlcxa s\ DlDulD.ut1u sn+dnpcng
qclq^\ uorJ solls aq1 uo sI 1I spu€1s Jsasuop puE lsalle+ oql 8ulluloJ Jo
elq€d€c sr qclrl$'n+pulDrltur sltldliLocnfl r{q pac€Idslp dtelaldM, ro pa+Eulruop

trllBlurou a.r€.{oq1 'ra,lodoq 'araqa '.rolcJs ureqlnos Jq} uI uotssalclop € uI lros
deap € Jo uorltsulqurot umrulldo aq'+:rapun 'rEoddB 'op dn€uolsBcro pu€ lutsc

papnlcul solcods IIE snql suolllpuoc l€lu3rlluolr^ua Jo uolltsulquoJ ua^r8 e
rrpun sorcads aq1 Jo ocuEl;Iodrul o rl€Ia.I eq+ ]crdep ol epgrll sr ldwolXts oN
'iros 

Jo qqdop pu€ uolllsod l€crl{d"r3odo} 
'uorllsod 

Itsulpn?Il€I aql 01 pal€IoJ sI
soicaals oort ur€ur oqJ Jo acuaJJncto t€rluolod aq.l IU aJrLitld uI slold lolrd
IIEUTS JO SpUnOJJnS pue S?Otd lolrd a8lEl sJCasu€4 uI ap€rrr suorl€lrasqo Jo
aln-8ulluuns olqcafqns ts sr qcll{rld 'IZ a.rnal{ ul aptslu sI asaql olEJ?sn[I ol

ldlrlaql€ uV slcesuerl raqlo uI lslra 
'sulattEd SlIFIIrls ssel lnq 

'rEIIrlIlS

'3C€JrnS Oq1 lE SdOrClnO OIIOISOUqI aleq,{\ aunp eql JO lsalC SSoIaOJ}
aql J"eu sr?sryrrg pzop puB aali'), t)?bnuol]D r?sxluDg aq} u\ sDullDnsD) pgap
'ed,fa, DuolJasort Du?lDnsDc oql ur uaas aq uac p?Du!6rDu1 snldnlicng lo saatl
pBoo fq8no.rp 696I aql ot rirtsq 8ullEp sql€ap lq5norp Jo acu3pl^a sI ol3ql
'sedtrl oql uooidlaq uotlsu€jl eql lv saddt l€uol1e?a8aa Jo uoll€oullsp lEnsn
u€q1 JodJ€qs € uI palcau:al sI qclq.r,\ 'luerp€:r5 

Ieluauiuolldue daa?s dJourarlxa
uE acnpord 01 aulquoc fqd€l5odot pu€ qldap llos lo stcaJa oql '+cosu?ll aql
ulqltd|sadols .roaol parolleqs 01 polclJ?soJ a.Iaq sl JI spu€s l€1s9oa oql
vo (.alpu!6rDuL sn?d,npDng) q€r.I€ | Jo sputsls qsouuloqlrou aq1 lo euo sopnlt
-u! qclq,{r '(gI) 

lcosueJl €JreSuooa uroJJ strollE^Jasqo sasll€Mrns alnSg
sIqJ oz arnSIL{ uI ul\oqs sI doJclno auolsetull ts Sulqc€ordd€ uo salcods

lEnpl^Ipur Jo "aJ€ lEstsq aA-Il€Iar oql pu€ .{douEc aq1 Jo 1q3r0q urnurlxtslu
'EaJ€ IEsEq I€tol uI a€u€qc pldtsl aqJ. uoll€IJE,l. clltsurllt qlnos-ql'Iou aq+ Jo

lcaJa Suo.rts -dra^ oql lunoctts olur JI€1 1ou saop 1l aJuls la,{el-aaJl aql uI
uoIl€I.r€A oql eqrrcsap o?. ol€nbop€ul s! uals,{s al€(IlpJo_oc -{9.!t-o,L4 aqJ.

'auolsau4l .{q ul€lJapun Eros uroiJ luasq€ nll€luJou ar€ faql s€ srol?clpul

o^rlE;au ar€ (t) dnor8 lo solcods (I) dnor8,fq paldnco salls uo alqlsl^,{IuIEId

,{Il€urrou aJ€ salorclno auolsou4'I qldap iE ouolsawll Jo acuaso.ld oq} al€clpul

,{aql sts IIos Jo qldap Surssas$ u! asn 1sa19a:I3 Jo alts (z) dnoJS Jo salcods



N0N,  SPEC|FtC (TREED

a

=

=

6

\ =\ . :

d, 1oo

E

4

=
a ? 5
a

' . . . . . . . . .  B  A .

: 5  i  9 1 1  1 3

D STANCE ALONC TRANSECT l lHA lSl

.1 i :  .1 i6 .217 228

S P E C I F I C  ( T R E E S )

t l 5 ! r  lL 13

Z I R O N  I N
TOP SOIL

ULSIANCE AL0NG TRANSECT tCHALNSi

-  EL. ]CALYPTUS MARG|NATA

i 
*  cAsl lAFrNA FRASER Al iA

-  _ - .  N U Y T S I A  F L O R L B U N D A

.. . . . . -  -  BANKS A ATTENLIATA
Figu.e 20.

Variation in the specifc and non-specinc featu.es of the tiee stlatuIa in tbe Boongaug
vecetattonat transect North ol YaDchep.

54



9S

's.rceds r?In.r1i?d.q1 Jo ccuarrncao l€tluaXod eq1 stuasardar
pllos s€ u^\oqs ac€ds lts1ol aql lo uorlod oqJl IIos Jo qldop pur ,{qde$odol 3q€@rlt
Jo sls€q aq? uo uels,ng auno poo.{l€ads oql Jo selsads earl uletll Jo uol?€ulpro arrlcalqns

'IZ ?rnA]d

sstt t0 Nc|r 11n811:llslts 1Ncn0t0 !Ntd
V VNN:LIV Y S)]NV€ YIYHI]]OHdIJOT SIidAIVCN:

-ltN 
t0

vlvN !uvt! snldltvtnl

,i -'-----^,__,____ 
1,

lfYSlc0r'{ lr I EId]tsns 1Htn0d0 :Nld

,'i ,4 I

I

.LN tS 11llt€ ldltsns IN9lt0t0 lNtd

v tOi ll] vts)t NY€

ssl t l0
s cNVdS vtslNVS

t0s l0 N_t:10 cNV lHdvlc0d0l tlvtttl 0t ll,1N0t1vNc!0
m

W

vNVl!lsvt: vNtSvnsvl

u0l3ls NtlHl80N



have noi been thinned since a light non-commercial thinning in 1962. As

these are well documented as regards soil moisture patterns, they shall be

discussed in greater detail tater. Some deaths were also recorded in the

southern sector. They were restricted to portions of the Pinjar plantation

adiacent to limestone outcrops.

The age of the affected stands varied fi_om I to 18 years. A recurlence

of summe! drought deaths was observed in an 18 year old plot previously

affected. This plot is situated in private land north of the nolthern sectol of

State Folest No. 65. No droughb deaths wele obselved in plots 13' 15, 16'

which ale situated in the tlansition zone between the Gpearwood and Bassen_

dean Dulrc System, though ihey a1e of the same age and occur equally far_

nolth as lhe above plot. Although Banksia ilicilolid is moderately common in
the nolthern sector. it $as not fcund in the sulround of any of the plots

afiected by the summel drought deaths. It was found rn suuounds of plots

41 and ?4; Nhich, though suEounded by dlought affected plots, were iree of

drought cjamage. I t  was also present in plots 13, 15 and 16 mentioned earl ier.

MeclLanistL ol SrmnLer Drought DedtlLs.
The environmental conditions leading to summel drought deaths have been

studied in the Hundlecl Acle Block, situated centlally within the Spearwood
Dune Syst€m. The initial pulpose oi the investigations was the study of pine
g1o$'th oD two site types, and its relstionship to the native vegetation. As no
mar'ked difference in scil moisture belween the i\to sites could be detected in

the 1965 \lintel by gravimetric sampllng to ten feet depth using the Veihmeyer
tuoe. the assi. t . :rce of the C.S.I.R.O. Division cf Plant Industrv was sought.
A set of lhlee neutron probe access tubes was sunk down to 23 feet on each
sitc in october 1965. withrn each set, one sampllng station was located in a
pine stand (then 13 years o]dl,  one in the adjacent ploughed f irebleak and one
in the lelalively undisturbsd nltive woodland on the other side of Nhe ploughed

firebIeak.

The two sites diffeled mar'kedly. The fi1st site, subsequentlv referred to
as site A, was chalactedsed by $'eakiy ieached yellow to yellowish brown sand
rvirh littlr: difielence between sulface and subsulface layers. Limestone was
encountelecl at valious dcpth Iram ? ft. down$a1ds when sinking the access
tr ib€s, and sevelal attemrrts v,re1e necessary befole the tubes could be sunk to

th? fuU d€pth of 23 ft .  The pine stand on this site had a site index (f ive-veal

intalcelt) ol 18, and leached a ba3al ar€a cf 100 sq. f t .  pel acr 'e by the age of 15

.veals. The clowns rnrere dense altd the canopy closure \ras virtual ly complet?,

ciesf i ie a l ight non-ccmmercial thinn ng in 1962. The native vegetation consisted
of a modeiateiy dense $'oodland aI Batuksi 'J gral ld' is, B. attenuata and' B.
men?-iesii, EucalaptLs tot:Itio,no,, E. d,eciFiens ar,d Nu?ltsiL fl cribunCa anc $/as 30

feet hi3h. \ . i i ih a basal area of 60 sq. f t . /acre. Xan' ihorr lLaea preissi i ,  St ir i ingi&
latiJalia a.Dd PetraplLiltL serruriae ]J'ele plominent in the undergrowth.

The geconC site (B) was situat€d apploximately six chains up along a mild
2' siope. I i  $'as chalacterised by a modelately leached pale grey surface soi l
ovellyinq yellorv sand of unknoNn deptl). No ljmestone was encountered in
the sinkilg of the access tubes. The pine stand had a site index of 15, and
reached a basal area of only ?0 sq. f t .  per acle by the age of 15 years. The
clowns $'ere relatively thin and nal'Io\\, and canopy closure $as incomplete,
resultrng- in a stlong developmEnt of residual shlub species. in particulqr





Erentaed paucifloro. The native \roodland consisted of an open stand of
Banksia ottenuclta a:,trd B. merL?iesii, $ith a few stunted Ba??.,tsi@ gro,tLd,is. 7L
was only 20 ft .  high and had a basal area of 25 sq. f t .  per acte. Erermqea
pauciflora, Meloleucd scdbra and Calothdmnus strnguineus were plominent in
the undelstorey.

The neutron probe readings $ere commenced in November 1965 and con-
tinued until January 196?. They began at the end of a very wet winter and
spling, passed through a normal dry summer and dt ier-than-average wintel
and endeci. in the midst of a modelately sevele summel dr.ought. The readings
wele nolmally calried out at t\,vo-monthly inten'als.

Even the flrst r_eading showed marked differences in moisture patterns
between the site and vegetation types (Figure 22). Of palt icular interest was
the prescnce of very wet zones rcsembling aquifers at the depths ol 15 to 22 ft.
under the native woodlarld rnd ploughed fir'ebreak on site A. In order to
ascertain whether the absence of such a zone under the pine was due to chance
ol to th€ effect of the stand, a fulthet access tube was sunk under the pine
stand. -4. zone of strongly leached sub-soll, with an iron content one third
of the less leached zones above, was found below 20 ft .  Soi l  blought to the
surface ccntaiired :.| high concentlation ol pine feeding lootlets, but was
compleiel:' dr'y. It seemed that the moist zone, though once plesent, was by
Do$ exhausted and became part of a dry sub sulface zone below 15 fi. in which
morsture was no longer being leplenished by $,inter rains. The soil pr'ofile
undel the ploughed fir'ebreak and native voodland was moist down to the full
depth of 23 ft. on both site-c.

The progress of moistule exhaustion and leplenishment on the two sites,
both under pine plantation and native woodland. is shown in Figure 22. In
presenting the obselvations, the neutron plobe count of 3000 pe1,min., colres-
ponding to approximately 3.0 per cent. of moisture by weighi or 3.9 per cent by
volume, $,as chosen as an albitlary division between moist and dr.y sand. It
ltas chosen as being particularly well suited for' sho$,ing ihe downNard move-
ment of the wetting froDt thlough the dry soil, bul has no intended physiologi-
cal meaning. The differences of moistur'e patterns between the two sites and
the two resetation types are so stlilring that thele can be litUe doubt about
their slgnificance.

It is obvious that the pine stand has fal gleater moistule requilements
than the rlativc woodland on both sites. Under the plesent conditions. ihe
moistule is not being adequaLely replaced at depth, and an incr_easing unbalance
is developing bet$'ecn the moistule requirements of the pine stand and the
capacity o{ the site to supply i t .  On both site types the inadequate reserves
for. the 1966-6? sumnrer resulted in drought deaths of some t l 'ees and heavy
needle cast by the r 'ernainder. The effects were part iculal ly severe in ancther
Foft ion of the Hundled Acre Block $/here scatteled small  l imestone outcrous
0ccuf.

The moisture r€qui lcnents of the pine stand on site A were greater. and
the replenishnLent of Droistule poorel than on site B. This wotr ld suggest that
the progressive deplet ion of $'ater r 'eser' \ ,es is a function of stand density and
lef lects not only higher transpi lat ional loss, blrt  also greatet rajnfal l  intet-
ception drle to d€nsel crornrn covel. Similar. relat ionship exisied between tbe
r , L i i \ c  u c o (  l r n d  '  n  t f o  i \ l o  s i ( c r
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RECOMMENDATIONS

The work so iar completed has opened up many new avenues for tesearch

on vadous aspects ol plantation establishmen! on the coastal plain north of

Perth. The most impoltant of these is the study of the limitations imposed

by dlought susceptibility within the Spearwood Dune System, and involves

the determination of the stand density at which there is adequate replenish-

ment of moistule leserves. It is likewise important to investigate if the

drought resistance ol Pinus pinaster can be imploved genetically. Considera-

tion also Deeds to be given to the economic implication of the drought problem.

within the Bassendean Dune System it is desirable to investigate the

methods for' amelioration of the excessively $ret sites, and the feriilization ol

tlre X.trLthorrhoea preissii-Leucopogon conostephioid'es type, in which the lack

of nutlient holding capacity prevents the full utilization of the relatively

favoulable rnoisture conditions.

Finally, the methods developecl should be applied to site quality assess-
ment on the Iemaindel of the coastal plain, and in ihe jarah forest on the
lateric soils of ihe plateau.
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FiBure  2 i .

{a) Scattered trees ar MelaleLca pre*siana oi stronaly leached sand with e:cessivelv high
ground water table. inciicatile ci unsuitabilitv fo. plantstion estabtlshDent (b) Nloderatelv
aense stanal of Eucalaptus 1)rar!:nata - E. cal.piqLla cn moist humusoid sand over organic

depasition borizon, indicative of opliimum conditior lor plantfliion establtshment





APPENDIX I

Factor Anallsis of Lqrge Pilot Ptots

Site types and colresponcling spccies groups separated on the basis of
scor'es on ihe fiist thlee factors may be summarized as follo\ls:-

F.1 F.2 F.3 Mid and upper slope in souther-n, upper
mod. low t mod. a slope in centlal sector', shallow weakly

to leached soi ls with ovelstoley of Cqsulr ' in(t
hich lr&seriand, Bo.nltsic" grandis' B. attenudta

.Id E. fi7en?-iesii. Exlcttlllptus to(ltianq, and'
urrdels'uoiey of Mesorlel(rena stlJgia, Stir-
Iingi& Iatil olio', Hibbertia rQcemas(I' XatutiLar -
rhaeci Preissii ar'd GanlplTolobium tolnento-
s'Lt.:'r. In addition Cotuaspermu111' triPliner'
Dium l)ar li''7earis was common in the central
sector, though abseni in the south.

F.l F.2 F.3 Depression in southern sec'Lcr', deep \reakly
f,ow - low * low leached soils $'ith ovelstorev of EucalEptus

ro no,rginata and understorey af Bossidea
ntr"+ili,'"i;ti,:',",,if #1u.91ifr''"s"#i"'F;!,r7tj,.*f;fr-

f oli(t a!\d, Golnplnlobiuln tomento sum.

F.1 T.2 F3 Depression in central sector ' ;  modelately
io; mod. low leached deep soi ls \ t i th ovelstorev of-io 

to to Bclnksia attelLuat@ and B. iliciJoli1' aj]d
-oo. high - hish + urde]shor""r";;"f"Hlr,;L:f",I7fiT!Ja"iiir?;.

SclLoltzid irL[olucrata, XcLntlrcl r]roed preis'
sii alld. Drudtudra niDed.

F.l  F.2 F.3 Tlansit ion bet\reen deep moderately leached
iow low low and shallow $'eakly leachcd soils; mid slope
io to to of centlal sector; ovelstoley ot Banksia

moa. hich - ]Jirod. - attenudta with admixtu|e of Bdnksia grt!'ltdis
'dr1d B. lnenziesii and. CasuqrincL fraserisnq,
a l , d  und r r ' s l o rey  a l  Aao r ta  " t " nap Ie ra .  H ib -
ber|it:!, huegelii a d, IL hu'pericaicles, Mesa-
nleldenaL stagia, Pdtersania olcidentct l is,
PetroplLi lT l inearis, SclLaltzid inDollrcrcLtd,
xdlLt lToi l lLoea preissj i  and Draandl a nheo'.

F.1 F.2 F.3 Mid and uppel slope in noltheln sectol;  vely
low high + low $'cakly Ieachcd sands with ovelstolev of
to to Banksia clt tetuutta and understoley of Bos-

mod. * mocl. - siare4 eriac(tpct, HcLlrecl castattt' Hibbertia
lLue.Jelii, u. hltpericoid,es ar\d. H. racemoscl,
J tLcld s oniq st enb er giattd, M e sam elaencl stll g itt,
SundpiLCLe(L pol\JmorplLct ar:.d X(rntlrcrrlrcecL
preissii atLcl some Coltos'permum tripliner-
Diui i l  1)al l inearis.

F.1 F.2 F.3 Deplession and Io$'er '  slope in northein sec-
tow low low -+ tol:  deep Neakly leached soi ls $ith over'-
to to to stoiey of Bqnl\ ict cttelruatd and some

mod. -J- mod. I  low - Banksio i l ic i lol icL a:nd understorey of Bos-
siaea e|-iocarpa, H (Ilrea costattct, Canospermuln
stoechdd,is, D cni6ia, nudifl.or a, M eaalltelaencl
stlgis, Syne.phaea polamorplLcL, Draandrtl
ni7)eq ar\d XantiLorrlrcea preissil
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