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Abstract

Foulds, W. Ecology of Pinnaroo Valley Memorial Park, Western Australia: floristics and nutrient status.
Kingia 1{1): 27-48 (1987). The floristics and nutrient status of Pinnaroc Valley Memorial Park, Perth, are de-
scribed. The vegetation was represented by a low, open Banksia woodland with emergent Eucalyptus
marginata, on neutral yellow sands belonging to the Spearwood Dune System, One hundred and eighty three
plant species were recorded, of which 41 were introduced. The tree canopy compyrised five species with Banksia
attenuata dominant. Xanthorrhoea preissii was the most abundant understorey species. Macro- and micro-
nutrient analyszes were conducted on soil, plant and litter samples. The soil was found to be deficient in carbon,
phosphorus and nitrate nitrogen, but relatively high in potassium. Species belonging te the Leguminozae fam-
ily cclmtained nearly twice the nitrate nitrogen content in above-ground tissue compared to species in other
families.

Introduction

Pinnaroo Valley Memorial Park, occupying an area of 11 hectares in the Perth suburb
of Padbury, Western Australia (31° 45°S; 115° 52’E), is a reserve set aside as a cemetery
and recreation area. The Park is situated approximately 2 km from the Indian Ocean on
the Spearwood Dune System (Bettenay et al. 1960}, The vegetation consists of low open
Banksia woodland.

The Spearwood dunes have had a complex history, being subjected to both deposition
and later erosion (Seddon 1972). In its natural state the Spearwood System supports a
high open forest of Eucalvptus gomphocephala, E. marginata and E. calophyiia. In the
western portion the dunes are generally younger and the shallower soils are referred to
as the Cottesloe Soil Association (Seddon 1972). These soils support a similar species
composition as the deeper Karrakatta soils to the east. E. gomphocephala, however, is
much more coromon than E. marginata and E. calophylla, and limestone usually occurs
within 2 metres of the surface in the Cottesloe soils. A nearby Banksia woodland at Star
Swamp, which lies within the Cottesloe Association, is dominated by Banksia attenuata,
B. menziesii and B. prionotes, with minor contributions of E. gomphocephala, and
Allocasuarina fraseriana (Bell et al. 1979). The top soil is generally dark grey-brown be-
coming vellowish-brown deeper, with a neutral pH value. In general, the soils of the
Spearwood System are moderately to weakly leached with low calcium levels, high iron
content and weakly acidic pH values (Havel 1976). The Star Swamp understorey in-
cludes Xanthorrhoea preissii, Jacksonia sternbergiana and Dryanda nivea, while the
more common introduced species are Ehrharta longiflora, Avena barbata, Hypochaeris
glabra and Romulea rosea (Bell et al. 1979). The percentage of plant cover from intro-
duced species is 36%.

The study area has a dry Mediterranean climate with average annual rainfalls of ca
740 mm per year. About 80% of the yearly total falls in winter between the months of
May and August. The winters are mild with mean temperatures of: maximum 18.7°C
and minimum 9.9°C, while summers are warm to hot with mean temperatues of: maxi-
mum 29.9°C and minimum 18.6°C.
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Methods

Three areas of native woodland within Pinnaroo Valley Memorial Park were selected
for this study: 4, 6 and 11 (Figure 1). They were similar with respect to topography and
vegetation. Area 11 was burned in 1979, but the fire histories of the other areas were un-
known. The study was conducted mainly in September of 1981 and 1982, although visits
were made each month to record flowering data.
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Figure 1. Map of Pinnaroo Valley Memorial Park.
Vegetation

A number of plots, each 10 m? in area, were established at each of the three areas and
a list of vascular plants was constructed. The nomenclature followed Green (1985). A
voucher specimen for each plant species was deposited in the Western Australian Her-
barium (PERTH). All perennial species were given a cover/abundance value on the
Braun-Blanquet scale (Mueller-Dombois & Ellenberg 1974). To determine the fre-
quency and percentage cover of herbaceous species a 1 m?® quadrat was divided into 100

equal subsections. Each occurrence of a plant in a subsection was recorded. This was re-
peated ten times for each area.

Measurements of the tree canopy were made by recording tree height, diameter at
breast height (dbh) and number of stems (= 4 ¢cm) within 30 m x 30 m quadrats. Two
such quadrats were sampled in each of the three areas. The biomass of the shrub and
herb layers was determined by collecting above ground living plant material in four ran-
dom 1 m? quadrats at each site. The litter retained by a I mm sieve was also gathered

from the same 1 m? quadrats. The litter and plant material were oven dried at 95°C to
constant. weight.
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The frequency (%) and the relative cover abundance (%) for herbaceous species and
the relative dry weight contribution (%) for the perennial shrub species were calculated
as follows:

F(%) = number of quadrats including a species x 100/total number of quadrats
RCA(%) = total % cover for a species x 100/total % cover for all species
RDW (%} = dry weight of a single species x 100/total dry weight for all species.

Nutrients

Five soil samples from the surface 10 cm were collected at each site and analysed by
C.8.B.P. and Farmers. Spectrophotometric determinations were undertaken on sodium
bicarbonate extractable phosphorus and potassium. The water soluble nitrate-nitrogen
(NO,-N) was calculated with a nitrate specific ion electrode at 30°C. D.T.P.A. extract-
able copper, zinc and manganese concentrations were determined by atomic absorption.

Samples of above ground living plant material were harvested for nutrient analyses in
October. At least ten herbaceous plants and ca 10 em of new growth (both stem and leaf)
from a minimum of ten shrubs, were collected per sample.

Analyses of the shoot and litter material after acid digestion gave the total P, K and
N as mg g and the Cu, Zn and Mn as pg g™

The carbon content was determined by oven drying at 100°C overnight and then heat-
ing to 500°C for eight hours.

Results
Vegetation

The vegetation was a low open Banksia woodland with emergent Eucalyptus
marginata trees. The flora was relatively rich and varied, with 183 species recorded
within 50 families (Appendix 1). There were 69 woody perennial and 114 herbaceous
species. The flora excluded the numerous planted trees and shrubs in the gardens and
10 species associated with a nearby lake (Appendix 2). The herbs included 39 introduced
annual species, but only 2 introduced perennials, Solanum sodomeum and Pelargonium
capitatum.

Table 1. 'Tree canopy parameters.

Species No. stems ha! Basal area Average

(m? ha'l) height
{m)
Eucalyptus gomphocephala 5.5 9.6 14.2 (30)*
E. marginata 93.6 241 9.3 (18)
Banksia attenuata 338.7 229 3.0(8)
B. menziesii 51.4 4.8 45 (9)
Allocasuarina fraseriana 14.8 2.4 40(9)
Total 504.0 63.8

* Height of tallest tree in woodland shown in parenthesis.

The tree canopy was made up of five species of which Banksia attenuata was domi-
nant (Table 1 and Appendix 1) with a density of 338.7 stems ha!, a basal area of 22.9 m?
ha'!, an average height of 3 m, and a frequency of 82%. E. marginata was the next most
common species, while all other species had little influence on the density of the upper
stratum. Banksia menziesii was interesting in that all three flower colour variants (red,
yellow and rusty brown) were present in the park.
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Xanthorrhoea preissii was the most abundant understorey species with a frequency
of 100% and a biomass contribution of over 25% for the whole of the lower stratum (Ap-
pendix 1). Other common shrubs included four Daviesia species, mostly with
frequencies greater than 50%, while Daviesia nudiflora contributed 6% of the total
biomass. Members of this genus flowered in winter and a yellow-flowered variant of
D. nudiflora was observed. Three Hibbertia species were recorded, with the ubiquitous
Hibbertia hypericoides contributing 3% of the total dry weight. Another common south-
western Australian species, Bossiaea eriocarpa, was also frequently found.

The predominant herbaceous species in the southern site was Mesomelaena stygia
which contributed 27% of the total biomass, 14% cover and had a frequency of 80% oc-
currence. Loxocarya flexuosa and Restio aff. sphacelatus were dominant in the northern
site, each contributing over 10% of the cover and biomass. The most common intro-
duced species were the two geophytes, Romulea rosea and Homeria flaccida, which were
4.7% and 1% of the total biomass and had frequencies of 50% and 27%, respectively.
They were followed by three annuals, in order of decreasing cover abundance,
Hypochaeris glabra, Briza maxima, and Trifolium campestre. Introduced species pro-
vided 52% of ground floor cover (Table 2). Although there was a similar number of intro-
duced species at both sites, the northern sites had 30% more cover. The northern sites
had double the dry weight of litter compared to the southern sites (Table 3). This was
probably due to the greater density of Banksia attenuata trees and their consequent leaf
fall, rather than to any small differences in understorey densities.

Table 2. Total number and cover abundance {m?) of native and introduced herbaceous species in the
northern (roadside) and southern sites.

Species Northern site Southern site Total Park

types No. spp. Cover No. spp. Cover No. spp Cover
Native 20 51.5 23 33.6 31 85.1
Introduced 13 45.0 12 24.7 18 69.7

Only those species recorded in quadrat data are included.

Table 3. Average dry weight (g m 2} of living vegetation and litter of the Northern and Southern

sites.
Pt I s
Species Types Northern Southern Park Average
Woody perennials 120.6 {4) 159.6 ( 8) 146.6
Native herbs 96.8 (4) 117.6 ( 8) 110.6
Introduced herbs 21.8 (4) 00(8) 7.3
Litter 127.3 (T) 63.0 (10} 89.5

Number of samples shown in parenthesis

The main flowering period for most species was early spring (Figure 2). The response to
the winter rains was reflected in the spring flowering winter annuals. Although the dry
summer usually inhibits growth and reproduction, Banksia attenuata, Leucopogon
propinquus, Melaleuca acerosa and Calytrix fraseri of the shrub component and Restio
aff. sphacelatus, Ptilotus caespitulosus, Thysanotus patersonii and Tricoryne elatior of
the herb layer flowered mostly at this time of year. The natives Jacksonia sternbergiana
and Scaevola paludosa and the well adapted exotics Pelargonium capitatum and
Solanum nigrum flowered all year round, while Corynotheca micrantha possessed
tlowers for only a few days. Drosera erythrorhiza and Conostylis teretifolia were never
observed to bloom between 1979 and 1983.
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Figure 2. Number of species flowering during each month of the year. The data summarize ohservations from
1981 and 1982 (shrubs, hatched; herbs, open).

Mineral Nutrient Status

The soils were neutral yellow sands varying in depth from zero to 11 metres over pin-
nacles of limegtone. The carbon content was low compared to darker soils such as sand
heaths (Table 4).

As in the case with most Australian soils there was a paucity of nutrients (Table 4),
particularly phosphorus and nitrate nitrogen, but compared to Quindalup and
Bassendean soils the potassium level was relatively high (24.81:g g). The low chloride
content of 20pg g7, compared with 261.5ug g for foredunes, could be attributed to the
distance of the study area from the sea and a decrease in deposition of aerosol salt.

"Table 5 shows that the average phosphorus content of the litter, 0.2 mg g, and plant
tissues, (.08 mg g, were like the soil, very low compared with other macronutrients
tested such as K, 9.8mgg' and NO,-N, 10.3mgg’. Members of the family
Papilionaceae possessed twice the NO,-N content compared with other species analysed
(Table 5). The species dominating the ecosystem, Banksia attenuata, was relatively low
in N, P and K. Along with Banksia menziesii and Dryandra nivea it contained massive
quantities of manganese. This rich source of Mn probably accounts for the high levels
recorded in the litter.
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Table 5. Nutrient Siatus of the more common plant species and the litter layver.

a3

mg g! pEgT
NO,
| K -N Cu Zn Mn

Litter 0.2 20 1.4 B.1 35
POACEAE
*Briza maxima 1.2 13.5 7.1 2.6 9.9 49
* Lagurus ovatus 1.0 14.6 5.2 1.8 19.5 23
Stipa compressa 1.1 12.1 5.8 2.2 10.9 21
CYPERACEAE

Lepidosperma gracile 0.4 9.8 5.5 3.3 11.8 41
Mesomelaena stygia 0.5 6.3 5.4 2.4 8.3 25
RESTIONACEAE

Loxocarya flexuosa 0.6 10.7 6.3 2.4 14.2 63
Restio aff. sphacelatus 0.4 7.8 &0 1.0 8.0 71
XANTHORRHOEACEAE

Xanthorrhoea preissii 0.5 9.5 45 1.8 5.1 10
CASUARINACEAE

Allocasuvarina fraseriana 0.5 6.8 5.6 2.9 28.8 20
PROTEACEAE

Banksia attenuata 0.5 4.5 76 104 11.4 241
Banksia menziesii 0.6 3.2 5.5 4.0 10.2 220
Dryanda nivea 0.6 5.0 4.4 2.7 7.4 135
Petrophile linearis 0.6 5.8 4.7 1.3 10,0 21
PAPILIONACEAE

Daviesia decurrens 0.8 8.5 12.7 5.3 12.5 33
Daviesia divaricata 0.8 4.8 8.4 7.9 6.3 7
Daviesia gracilis 0.5 6.0 10.5 3.1 5.6 28
Daviesia nudiflora 0.8 8.8 14.5 8.2 7.3 15
Hardenbergia comptoniana 1.2 17.4 152 2.4 10.3 20
Jacksonia sternbergiana 1.0 9.2 13.1 2.4 12.8 11
Kennedia prostrata 1.1 13.4 17.9 4.2 21.2 69
Oxviobium capitatum .6 8.2 13.9 2.9 13.1 29
*Trifolium campestre 1.7 14.8 26.8 5.2 27.8 39
DILLENIACEAE .

Hibbertia hypericoides 0.6 7.1 9.9 3.1 10.8 a8
Hibbertia racemosa 0.6 7.9 7.9 11.2 234 a8
MYRTACEAE

Eucalyptus gomphocephala 0.9 6.2 7.1 24 11.8 33
Euealyptus marginata 1.1 5.9 7.5 10.5 15.2 31
GOODENIACEAE

Scaevola canescens 0.7 13.4 8.9 1.6 11.1 15
Scaevola paludosa 0.7 16.9 7.0 2.5 13.0 18
ASTERACEAE

* Hypochaeris glabra 1.6 23.5 7.8 2.5 32.7 19
Waitzia suaveolens 1.0 13.6 9.2 7.4 29.7 30
MEAN 0.8 2.8 1005 £.0 14.0 47.1

* Naturalized alien species.



Kingia Vol. 1, No. 1 (1987)

Discussion

The Banksia community at Pinnaroo Valley Memorial Park was similar to the nearby
woodland at Star Swamp (Bell et al. 1979) which was dominated by Banksia species and
with minor contributions by Eucalyptus gomphocephala and Allocasuarina fraseriana.
However, the frequency of Eucalyptus marginata in Pinnaroo Park was much greater
and the understorey layer also showed local variations. Xanthorrhoea preissii was pre-
dominant and although the ubiquitous Hibbertia hypericoides was commonly seen, the
shrub canopy was dominated by the four Daviesia species.

Pinnaroo Park was floristically similar to other Banksia communities found in
Spearwood sand north of Perth, e.g. Type D of Havel (1976), but lacked certain shrub
species such as Synaphea polymorpha. The Banksia woodland described by Milewski
and Daridge (1981) at Jandakot Airport occupies deep, highly leached white over yellow
sand between the Bassendean and Spearwood Dune Systems, and differs mainly in the
composition of the shrub stratum. At that site Beaufortia elegans and Leucopogon
kingianus are common, but both are absent at Pinnarco. In areas where yellow sand
reached the surface mutually common components were Mesomelaena stygia, Hibbertia
racemosa and Daviesia nudifiora.

The Pinnaroo woodland had a typical Western Australian ground floor vegetation,
with few grasses and the ground cover predominantly Mesomelaena stvgia and two
species of Restionaceae. N

Degradation of vegetation, similar to that seen at Star Swamp, is evident from the
high frequency of introduced ‘weedy’ species and the presence of pyrogenic grasses, typi-
cal of often-burnt vegetation. This was particularly true in the case of the northern sec-
tion of the Park where secondary succession was occurring faster than in the southern
areas. Here a new floristic composition is evolving, caused by the introduction of alien
species. In this altered community there was no regeneration of Eucalyptus
gomphocephala, although young Banksia and E. marginata saplings were common.

The woodland community, which developed in mildy leached soils, contained a large
number of species. Areas where severe conditions prevail are reported to support fewer
species (Bell 1980). The presence of Xanthorrhoea preissii suggested a relatively moist
habitat whereas the presence of Hibbertia hypericoides, Mesomelaena stygia and
Petrophile macrostachya indicated a substratum of a weakly leached sandy soil, typical
of the Spearwood Series (Havel 1976). This was confirmed by the level of soil nutrients
which although well below that of coastal sand dune areas had more than double the
amount of macronutrients (PKN) of the leached Bassendean sands (Table 4).

The plant tissues that had been shown to act as a means of storage of nutrients in
woodland communities, (Ovington 1962) were relatively low in P but did possess larger
quantities of other minerals. Legume species were a common component of the
understorey and with their high nitrogen content, the soil N should be maintained.

Excessive leaching of the nutrients through the permeable sandy, humus-depleted soil
by the winter rains may be prevented by the Banksia trees acting as reservoirs. Slow
growing species, gradual leaf fall and low litter component caused a slow recyeling of nu-
trients, although fire probably speeds up the turnover to some degree.

Nutrient input by clearfall rain was low compared to that in a nearby coastal
heathland area located at Ocean Reef (Foulds unpublished data). Although the July K
recording was the same, 1.2 kg ha!, no phosphorus, nitrate nitrogen or trace elements
were found.

Estimates of canopy nutrient leaching from tree leaves and stems by throughfall rain
in Eucalypt forests (Smith 1974) suggests that some mineral replacement in the Banksia
woodland would occurr in this manner. This is probably true for manganese which was
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present in extremely large quantities in the shoots of Banksia menziesii and
B. attenuata. The accumulation of ions, such as Mn, by indigenous plants from nutrient
deficient soil suggests a specialised adaptation. In the case of the Banksias and Dryanda
nivea, which contained a high amount of Mn, their success may have been due to the
presence of proteiod roots (Lamont 1974).

Acknowledgements

T am extremely grateful to the C.S.B.P. and Farmers for soil, plant and water analyses
and the Bureau of Meteorology, Perth for climatic data.

Thanks are also due to the staff of Western Australian Herbarium, and Mr
P. McMillan, for taxonomic assistance and for checking plant names. I am indebted to
Mr K. Vickery and students of the Western Australian College of Advanced Education
for field and laboratory assistance, and to the Warden of Pinnaroo, Mr English for sup-
plying a map of the area as well as other useful local information.

I also wish to thank an anonymous referee for improvements to the text and Mrs L.
McMath for typing the manuscript.

References -

Bell, D. T. {1880). Gradient trends in the streamside forest of central Illinois. Bulletin Torrey Botanical Club
107: 172-180.

Bell, D. T, Loneragan, W.A. and Dedd, J. {1979). Preliminary vegetation survey of Star Swamp and vicinity;
Western Australia. Western Australian Herbarium Research Notes No. 2: 1-21.

Bettenay, E., McArthur, W. M. and Hingston, F. .. {1960}. “The so0il associations of the Swan Coastal Plain,
Western Australia®. CSIRO Division of Soils, Soils and Land Use Series No. 35.

Green, J. W. (1985). “Census of the vascular plants of Western Australia”, 2nd edition. Western Australia Her-
barium, Department of Agriculture, Perth.

Havel, J.J, (1976). The potential of the northern Swan Coastal Plain for Pinus pinaster Ait. plantations, West-
ern Australia, Western Australian Forests Department Bulletin 76.

Hopkins, E. R. (1980). The fertilizer factor in Pinus pinaster Ait. plantaticns on sandy soil of the Swan Coastal
Plain, Western Australia. Western Australian Forests Department Bulletin 68.

Lamont, B. (1974). “Proteoid Roots”. Thesis, (Botany), University of Western Australia.

Milewski, A. V, and Daridge, C. (1981}. The physical environment, floristics and phenology of a Banksiawood-
land near Perth, Western Australia. Western Australian Herbarium Research Notes No. 5: 29-48.

Mueller-Dombois, D. and Ellenberg, E. (1974). “Aims and Methods in Vegetation Ecology”. Wiley, New York.

Ovington, J. D. (1962). Quantitiative ecology and the woodiand ecosystem concept. Advanced Ecological Re-
search 1: 103-192.

Seddon, G. (1972). “Sense of Place”. University of Western Australia Press, Nedlands, Western Australia.

Smith, M. K. (1974}. Throughfall, stemflow and interception in Pine and Eucalypt forests. Australian For-
estry 36: 190-197.



Kingia Vol. 1, No. 1 (1987)

36

12(Q-1deg = (Mg 9BADB[NTILL ]
wO-Fay o - (WM BIOBULIBNSE))
PO-fny 1 LA (WM 9BDORULIBNSE))
1Q-1deg [ L9 (WH BIBOLIAIUY
wo L'y g8T (WH IBINBOJ
Fny-1dy o 80 g (o) ph avaoruododiseq
any-np 1 6'C (WM BBIIBSOTULIA
1deg 1 = = 9'LT (uymy JEIVBSOTULIA]
19Q-dny e - (U IBAOBSOTULIAL
1dag 1 8¢ {(Tpm SBADBSOUTLIAT
1dag o o {(Um SBIDBSOUIL]A]
ydag o (WM SBADBSOUILIA
any 0l (mm SBIOBSOUIL[A]
- pousg
%VOA %d adA], Aroe

Buriemop] LfelcH %MTY

[puradwy anjg
UENOL)
("T) B3[NIDED "IBA SISUDAIR SIfEdEUy

BULIENSE]) JaBM(]
TOSUYop 7|
(‘mRUT B 0NQ) SHIKNY FULENSEIOY

uosuyop 1
('biN]) pupLIIsEI] PULIBNSBIO[[Y

gSEAY) pul[{ #s[eq
uoieq (-I1g"Y) WNIqgess WNULIN0IS0IEY

8SBIFIBOY A, UOWWO)
anwaq ‘g ([qeT) wnlqess voiidoify

Ay Appoug
“wiar] jussiard sndrgooyuedy

SSRIN) 3[1IBM
[PUSAN T H BUBLMOUSD[[IM BIOBOY

a[1IBM 98ueI(
TPuspm "T'H (THqeT) eudyjes ey

YIUIG] BISFI[IISOI BIOBIY

SaSOJN] A[FHOLIJ
‘1qy Epjaygand Brovay

‘y1usyg rdIBIOISE BLIBOY
uoq] xa ‘uuny) sdofoi? gLwey

ANEM PIETY
Puapm TH CIIGET) SLIBafyaod sloesy

{GRAT UBALr) IaY e JUN)BOLAWIOU)

seroadg

“BISMO[] OU = JU [ (2 G5-4) 1UBpUNgE = 8 {(2;G-T) UOWWOD = 0 {95 [-T°0) MOJ = J {9 1°0) 878 = 1 ‘Jueyd [euoIsBI20 = 0] (SqIIYS) S0UBPUNGE 19403 PaIRWNSE = YO
wennqLios JuSem AIp = MY (SqIeY) S0UBPUNGE 18400 SALBOY = YO ‘Aotenboly — J Pasnpoljul — 1 SANBU = U qIey = | qeruusisd Apoop = M

HIeJ [BLICWA] AJ[[EA COICUULJ JO BaIE PUB[POOsM 1Y) ul s31ads Jo ssewory pue 19409 ‘fousnbaay ‘midrio ‘ad£y ‘Anue] ‘owrey] '1 xpuaddy



37

W. Foulds, Ecology of Pinnarco Valley Memorial Park

120-1deg

1dag

Po-1deg

AON-1dag

jdag

Sny-mp

AON-100)

Inp-£e

1deg-1dy

ny

qad-A0N

AON-120)
29(1-19()

10-1deg
1dag-aunp

AopN-ydeg

T

&8

10

Lt

L9v

£'g8

¥'z8

e

(WyH

1) 2]

(UH

1)

(nH

(OH

{(mm

(mm

(M

9BA0BOIYD0)

9E30B0 J

SIERGLE |

9B3DBO J

SBIATBIOISSRLY

apadedsseIy

sweoruoitde I

JBIVBIOL]

38328010

JBadea0I

9BAVBAOI ]

282080

IBIIVIANSY

FBIIBINNEY

2890RUE[0S

SEIOBIOPOWISRY

SPIBUYIA
gy BEjequin RIPIBYOING

BWOIE] YBOIN)
Y0y SIIpURIp SNUITOIg

ssB1r) JUIYBNd IaSso]
] J0UTUI BZLIg

sse1n) Suryenl
'] BUWHIXBUI BZLIg

(1340 "19pun *ds awaoeolsserg

duwan,], Pl
UBNOY) [II0JITIN0Y BIISSRIT

S1oUNOY 8 AUUBIL)
‘yuayg rdigooLs BIBISSOg

eisyuey oduvi()
Kaypurry sajouctid grsyueg

BISHUBY SOLZUSIA
XY HSSIZUSLIL BISYURL

vIsyURE [[0g
PULM SIpUeIS Blsyueg

BIsueq urejdpues
I BrRNUSIR BISyURY

Te() popIvag
Ul BIRQIBG BUSAY

Ao[pur] ppusinrsaind espiiaisy

peamade]

SUAAST] ("]} BInpUa[Ey RISYIOIIIY

ISMO[J[IR,], MOT[3X
TIE B0 SIZIaIOITY

#BJ 5,380
AS[pULT] SIIUINYy SOYIURZOSIUY



Kingia Vol. 1, No. 1 (1987)

any-xdy

AON-190)
PG
120-1deg

1deg-8ny

ydeg-Eny

AON-ABIA]

Qag-uef

Aoy

uep

AON-190
1P0-3dsg
goo-wmmm
100-1deg

BO

jdsg-np

pouad

BULIomor]

g ¥'6% {(u)m

(wm

o' 21 L9 (WH

(MM
(M
(WH

(mH

(MH

(WH

(wH

(WH

vou ML %VOd %d ad4,

agadepuoedy]

mwmvummn—chm
4eadEe3 0L

seadeedLog

PBIVB[OUNUEY

aeaoeAydosire))

JBIOBOZIY

FBIVILATN]

IBIDBIIAIN]
9BAORINSY

9BIDBOB[NIIO ]

BBIDEPIYOI()

3BIVEPIYDI()

ALIIEPIDI()

JBIVEPIII0

BEBOEPIYDI(}

Arure,g

IaM0]] 1183d
quey winpnpuad wniydasouwo,)

[sng] 9MOUIG 23L],
gy winadeudLy wnredsouc))

gy wWnyonsip wniedsouo))
“[[Lefery sngaaftod purisdsawo;)

SIIRWS[)) Jea] [rewg
0 Bipdydororur sppeie))

PIAMNIIYD) Jes] ISOT
TIUY,), WPRIOWOLS WnISRaay)

214 10jueyjoyg
snfog T (") synpe sngodgodies

UUNY) LISSBIf XLIATE)

189m0l POO[H pasea] Ay[ig
TILqer] sneUmSurs sSnUWIRIONE.)

TN g {888 HUMoIg soeydaoofe)

[2Us ] BIOPIUI] BIULIPUB[E,)

PIY21() 1opuls sy
AB|pury epneorldaof BIuaperer)

PIYOIL() 9SOIWLI ]
I BABJ EIUSDE[E)

pLya1() 1apldg
“1¢]Y BSOIUSWEYY BIUIPEIE])

P2y 1epidg A1sny
S[[OYJLN BSUISNIIY BINIPE[E])

PIYOI() AT1R,] anjg]
Iy STUIIOJAp BIUAPE[E!)

sa1adg



W. Foulds, Ecology of Pinnaroo Valley Memorial Park

120-1deg

OHI-AON

1deG-A0N]
PO-1p
[np-sunp

190)-3ny

gny-aunp

1dag

Ju

Ju

1P00-1deg

29

2a(1

Amp

AON-TILP

g1
L0

0

0

S9L

6'c%

G9L

&1
L9

49T

Ll

(WH

(1

(w
{wm
(mm
(MM

(T

(wyn

(nH

(WH

(WH

(WH

(UH

(MH

(WH

(Wm

BBBIEPIYDA()

aBagellsselg

FEAVBILIOYJ
sraseuolde g
avaoruolide

seaoeuolide g

araouuoinde g

evaoRldy

evaoeIadin

SEB80BOJ

DBROB[NSSBI])

9BADBOLIAIUY

2B00BIN)SY

9BIJBIOPOTISYH

SBIIRIOPOTIIR

evsnepLIdRdy]

poI() Aequo(]
Y BOJIFUO] SLINK]

39300 [1EM
‘00 (1) syeanur sexeopdiy

A xelf Surpeaidy
gy BINJOAST BIOUBI(]

IOUSSIOTN] BIO[JIDNT BISBIAB(T
dsrryy (" SIIoBIS BIsaras(]
YUY TIBILIBAID BISHAB(T

vad Iaig Auroyg,
IJUSSIIN] SUILINISP BISSLAB(T

101IB]) UBT[RIISNY
TEI-2AY 3 I2ABIA D)
‘reyqasLy (‘Tqe]) snIBIPIYoofs snong(y

(ZdAM) “1opur ds sesderadsn)

yonoy
's10d () TOIA198D UOPOUA)

doroauolg asua(
Jus1s() (899N} BIRIO[OZ BNISSEI}

IR AT
(ApUIT) BUFIRIINNT BIRYIOUAIO)

aueqeal, Jeo[xe[]
‘buocayy (') sisusireuoq gzAuoc))

s1pA1s0u0)) Aurdg
US3IN) ‘A PIJOIISIR) SIAISOUO)

pray uopo) Aurdg
I
grpagorly ~dequs gpeernow sy 1soUuo;)

19MmO[ ] [dBad 19s5aT]
Ispuog pssiard wnigde)souoy)



Kingia Vol. 1, No. 1 (1987)

1deg
120

23]

uep

120
jdag
1Q-8ny

120

AON
1dag-8ny
1a0-1deg

PO-mr

1dag-3ny

PO-Ip

Ju

pouad
Furamor

SO0

')

L0

L'Ly

LTT

g€

LT

001

¥'6%

L9

001

vod

% MY

%vod

(Wm

(Wm

(mH

tare|

(WH

{m

(Wm

(MH

(m
(w)H

(wWH

ad4A,

JLIORLURIDL)

IBIDEPLIT

ALADVNIAN

2Ra2BIAN

avaopidy

IeIIVIULIIL)

JBAILIUERIID)

8EIIBINY

ELERLRRY

ava0ru0dA[0g

2830BOJ

2V30LACL ]

Elcbicalehot |

9BIDRISSOI(]

BINRIITOI(

Aqrure,

[[1g88UEL ) 100] $,9A0(]
*r] Bfjot WInJURISL)

eISA9L]
VeI HURIYIe] BISeal]

yeief
qUWS X9 uuof preurfrem snydipeonsy

jaeny,
(1 Bppydedoydurod snadipeonsyg

[taed 2nre
"ARY) WNRIRISOX WnLFuAny

[IgEHI03S anfg
$90N] WINICUSAY WNIpoLIyg

J00JMOI7) UOTUULD)
“I8HT (T WRHBINIY WnIpoLsg

qeg pue rsdds g
YIUY Y snpeords uowajsoLy

aoruy (‘rpud) wiogoned vapwary

sadarqno(g
UG SHEIISNE Xouy

sSBIIPIAA [BTUURIS
NUIG BUIDATED BRI

ystgy J0408g
urwoq (WBIUS) syIssas vipuedic]

RIpURAN(] JARMA(]
gl (TIe]) pearu BapueAi

[PUH BYIUBRIIBE BISSOI(T

Mapung Jui-pay]
KB[pur] BaIfIoLf1ATe BISSOIT

saedg



W. Foulds, Ecology of Pinnaroo Valley Memorial Park

wO-1pr

sa(]-uep
PQ-sunp

180)-aunp

1PQ-1deg

AON-120Q)
jdag

P-des

AON-ABRI

PQ-3ny

AON-1d0g

Sny-sunp

100-1dag

1pQ-2uUnp

1eQ-1deg

sa(I-3ny

e

801

&'e

L'92

00¥

£'68

V6%

L'9%

'8¢
69

(MM

(Tm
(Mm
{mm

(WH

(MH
(U
(WH

(HH

(mm

(0H

(m)m

OH

(mm
(nm

(mm

aeaoruoldeg

amaopuoldeg
awooruoded

seaoruOiide g

agaoeuodeq

araoeI[eqoT
agaogladi))

aeaoeladA))

2BIILIH|SY

eIDBMAA]

IBADB[OIA

seaseucide g

2B30BPL]

9BA0BLUB[[L(]

2EBVRIA[(]

EEERE gy

BuuUNy 191
gy iBIgseld BIpauURyy

ysng qurlg
[Ponyy pumSraquials BIUOSHORP

YU BIILIAS BIUOSHYIBP

0 (1dueg) viEeoIny BIUOSHIEL
uosiod quie]

uosyIRp (I'g *@

ey (qUwWS) Bijojeuna sidoriosy
UOSIOJ 23PLIqPOO A

aona(]
(A ) SmrofpraeodAy swoost

(edam) ~ds srdajosy

20U "V (quNUL) eprurdrew sidefosy

183818 [I00WY
1 srqe[d spewyaodAyry

AT IPALY UEMT
‘[PUH HNISNGOT FIHWATEI0dAE]

19[01A PIEM
TR
(8uy x8 ")) snUIATRY snyuRgALY

B3AOH]
“uey BIIIASLI} RIACH

din g, aden) Jee[au()
199MG BPIIIBY BLISWOL]

J9mO[ ] BRUINY) PIqEIS
B0 ([puF) PEOWOITT BIIAGYIH

jueq rAyogysdjod vIIIaqqIEy

13400 m.mE:U
yIueg (\DQ) saprearadAy BneqqIH



Kingia Vol. 1, No. 1 (1987)

ADN]

L=Tg |
ady-oa¢

120-1deg

Bny

10

29(1-120)

1dag
aunf-AeAl
ply |
1dy-gog
any

AON]

we 100

AN

¥dag-p
any

potag

Burramorq

10t LIt
o g0
! -
&N
) - -
100 10
- 80
Yod MY BHVOd

9'L1

00%
00T

6

L9

%

(OH

{ma
(T)m

(UH

(wm

(WH

g

(WH

(wm

(OH

(WH
(WH

ad4y,

awooruolideg

ABIDBLIAIA

ERIRNIATA

aeaovuoride

sRISBIUIEY

JBIDBOUN[

geadvuciide g

FBIDBUOYSIY
aeaspucdodise(
agadeIRqo]
aeanepLioedy

aeaoepUDRdy

aeaoeIedA)

JAVIDBIUBPOOY)

CIEERTN |

JvIDRIAISY

9BIVRYIUIIBAL]

Apueq

UG WEeYXS]
TV (1) Barpur sniofifapy

B[UARY A2UOL] A[IUYT)
‘[PUy Iffefany eonoE[apy

1INBYIG BSOIIIR BIIB[IPA

APIW Ling
1 eydrouidijod ofedpepy

BLUIRY UI318a A

Iauples) ') (yapnes

X2 Iaydstyq) IPJPOLl BIWIRZOIIBIA
"HSUIPION] SIFRUOIPLII BINZNTT

urdny urejdpueg
'$SNL) HUIE800 snuidn’y

qsny pIosy

qyuag (I1gy) psonxay eArgooxoy

Wemyy (‘Tpum) mssfard vrIpuRUIO
ABWURA, " BYOILEBI BI[8qO7]
g Y snnbuidosd voFodoons

[pzId " suenu uododoonag

23pag pIoMg IBpUIS
gy eprovad ewrsdsopiday

BE[BUSYIIT MO[[EA
O SPPLONIEYY] BIINBUSYIOT

SSRIY) [18] §8IBF]
T speao sounSety

BIDJIUaSR T TOWWIO))
yuog [jeseny eiajiuedey

QU BXafal BIRUAYOIET

saadg



W. Foulds, Ecology of Pinnaroo Valley Memorial Park

b

10
10

10~ deg
aunp

AON-1dBg
29(T-A0N
PO-1deg

29(]-UB[

dag

0O-8ny

AoN-1deg
120
aoN-1deg
ABIN
120-1deg

fny

sunp-1dy

oe
0

el

1'Le

g1

6t

g0

q0'0

1e
LT

LT

£'¢

£'ge

L9

L9
o8

(MM

(WM

(WM

M

(WM

() m
(mrm
(WH
oM

(VH

(Wm

(H
(DH
(WH

{(WiH

(T}
{WH

SBB0BERIWIAY,T,

9B30VIBAWAL ],

ALIVBIR[AWATY],
seaseqAdodrey)
9BI0RIN0X]

aeade]oag
agadeaolg
agadeog

JBIOBIUBIDE)
swaorLBUdolDg
awaswuolide

9BA0BPLI
aBIDBIOURAOI()
sradRIqNY
BIIRIASY

IBIIBIDISY

aeaoseIadin

apaoeIadi]

JUSSTATA] SUSO2ABNE BofollII T

as0y sAlIeN
Iy RSO B[R

IaUSSIN] BPUNQLIO[T BofoI ]
HULg SNOIBJIOLL

‘MAST]

ed " ('ssn)) BUnIn@4s vLSRqIOIia
IV BAowsorovw afrydons g

sdoA] s1xig
"Iy SueaUly ofydoIa g

I BE20BS BIUCOSIOS
1deIg (599N]) SOPIOIIE SYSIYISEIUSG
I9,T {"T) wngeydes winfuofIe[a g

BIsjIRg UOWIOL)
[Brar)) (1) BHOIRE Biffeoniuaied

8389 pue uodeq
‘qrusyg wniedrded wWniqordx()

SLI] BUIUIOA]
ey ([PUY) SNXE] SNIUESOIYLI()

NG JOUIW SYIUBGOL()
‘e pedonseurrads BlIBMAIId(
AIeWas0y] SAIBN

‘qiueg %9

e " ({OQ) SHE[IXE B[

219919
('qiueg) wropprososw Loy

adpeg esoydewagy

uag (1g-Y) PUOSBIie] BUSE[SWOSAT

saaN {19} vrddys puoBfawrIosapy

e



1deg-dny

aoN-1deg

291

Kingia Vol. 1, No. 1 (1987)

Idy-Tep
O(I-AON],

wBpr-190

aunp-120)

IUNL-13)

iy

0O

1dag

ydeg

1dag

1deg

pouag
Burrsmorg

¥ B 0'08

t gae

gL eI 00y

1o Y

VO %M %VOd %d

(OH

(Wm

(mm

(WH
(WM

(wH

(WH
(TyH

(vH

(WH

(WH

{(mH

L9) 34

(WH

(u)H

adAy,

9B8OBPUI]

agedrIqroydny

ereovipodouay))

9BIDBUONSoY

9BR0BILAIA

IBIVBJJUBIBULY

JEBOEIUBIRUIY

SBAIBYJUBIETIY

SBAORPIYIL()

3BBIBOJ

SBR0RIISY

JBIOBII)SY

ABAIBISYSY

SESOBOJ

awadeoJ

Arure g

SSBIY) PAOJPIINL
UOPYH {"T) BASOI waInmoy

gsng Suippa
‘puy snanwgps sodivoouny

A1109¢g Tewre))
‘bo ([nqeT) Bppodeq vipoFeyy

ysny pioyy
(PddM) “1EH SryERoRyds "JJe 0KSIY

INRYDG BIRIHID Brafayy

B[N B[O poddly, asoy
TN " {(AB[purr]) Irsopfurar snjomd

FIIIAL BIIMIA (1L
$BON] SNIBIBF SNIO[II]

‘BN g snsonjdsar) smyofrl g

pooyusain 8np
Usy BAINISI SHAISOIR T

sse1SpIvag 1essar]
g Y snjpuay gododijog

speay-3uor] uapjor)
WeYely) vy soproyeydeus vaaqiopo

BOAYIOPOJ MO[[9 4
‘Yiuay (219918) BEYIUBSAI0 BISY10DOT

sidejopog epuelg

WRUBIY "y Y (‘WYT]) sirovid sidejopog

SSBIS) Y208SNT, anjg
sona(] (ge) stuniofrod vog

BOJ pajjouy]
S9N FUBIDUOUIEINID BOJ

satdady



45

W. Foulds, Ecology of Pinnaroo Valley Memorial Park

P-1deg

aunp
.

w0

AON-120
1dag

wO-Iny
Jsa(-8ny
A3 -A0N
2(]-uep
PQ-Iny
AON-Sny
1deg
AoN-1dy
sa(-uep

J8([-Te

Q00

g0

80

g¢

LT

61

491

988

0

(mWH

(WH

(MM
(MH

(U H
(MH

(UH

MM

(e

(DH

(WH

(WH

(WH

(WM

(M

BIOVIPTIAIG

aeaseIpl[dlg

8ealealnl gy

apade0g

amareO

9¥80BIISSRIg

BADEILIAYIUY

JeIBIASY

CEER LI (]

ABIJBUR[OY

anaoe[jAydoAse]y

aBAOBIDSY

2BIBINNSY

avaoeradin

9Ba0RIUAPODL)

aBaDBIIAPOOL)

que[d 1083117, yoog
1Y WNJRIrjed WNIPIA1g

quey 1088y, urepuno yur

QINURIIOUNIG
-dsgns “Queg WNUBILOUNIG WIIPHAS

Loganyyg
PPNIS (IgY) erope] efunds

(GddM) 1opesy Ejydomaze e edng

ssexdrvadg passarduro))
1¢yY essarduwroo vdig

‘puy wajsngor wnprradoung

AT B[IUeA
Ka[pulr] BIOQIXE[ BIRGISMOG

BISIYIMOG UOWITIO))
] SOPIRLBIC SNYIIOS

wopog jo opddy
] WNSUWOPOs WNURfoS

apeyspdy Awrag yoerg
] WIS Wnuefos

Ayore)) yousa
"1 eoges suaty

paamarg
PILAA X2 I9ISIO "5y STINE] OI30Uag

paamadty pidsig
oty 'V smynpIdsty olsusg

ysny Hog palamojj-adrery

TengA " J (s88N) stIofIpuels snusoyog

B[OASEOY USIBPY
1Y wsopned BfoAIRIS

B[0ASBIG ADIN)
‘YIuay SUIISSUED B[OAREIS



Kingia Vol. 1, No. 1 (1987)

AoN-1deg
Jdy-1epA]
‘08(J-A0N

1Q-1deg
120
100

10

120

q24-22

vaqq

190

1dag

aunp-AeT[

0

ABIA

AON-190)

pouag

Furiamor]

g0

%MdY

&0 L9y
¥o L9
0 49
e
6
] k1
BV %d

(DH

(IWH

(WH
{UH

“{WH

Wy

(WH

(WH

(WH

(OH

(MH

(Wm

(w)H

(WH

(WH

ad4],

geapeuolide g

dBadBILIIUY

aeaowidy
auaoejepoydsy

aeadBOLIOIUY

ABO0BILIA Y

9BOOBOLIAIUY

2BIVBILIBYUY

BODBILISJUY

2EI0BPIII()

9BIBUOTIBIS0IAN)

aesorpLIORdy

9BaDEIPIIAYG

BR0RIPI[A]S

PBA0RIPLIALG

Afrure g

1aa0[) doy
13q3iYog ansadures wnyjoyiL g,

AT UBNINY MO[[RA
I T0118fe SUATOIIL],

drusieJ jres(q
yIwg psofrd sustmAyonr

qyunyf (‘boep) Emu.imﬁﬁ;m%ﬂmk&om&&
‘puy snjfetiay snjoursAyy,

AT ofuln] Sururmy,
Iy Huosraed snjoursAy g,

AU 98Ul patemol AueTy
I Y SRIOPINUT SNI0UBSAY |,

AT 88utzyg Fuigoueag

T (C[ER) SnWoogap snjoursAy

AV 88uLyy] uowWIo)
XY HSYUBG SMoursAy

prysa0 ung paedoary
"Iy BaINfoosny BauApay I,

ad1cany gy
(lzus ) wIoyIeAd vIaosIa g,

183 PAIaMO[I-18pUag
Aa[pur] eloyinuay erpydig

SYOLI-M0T)
"D S8prouaoyIs WIS

el 1083111, paBIA
gy susdar enipf1g

Jueld 398801, ponog
gy wWngennsd wnipiis

sooadg



W. Foulds. Ecology of Pinnaroo Valley Memorial Park

AON-12()

AoN-jdeg
100-1deg

0

120

30

19()-1deg

1203-1deg
120}

E8To)

qe

0001
a1 8%
90 001
4T £'ee

(MM

(MH
(WH

(WH

(MH

WH

(HH
{WH

(HH

9B80BI0ILIOYIURY

JBAIBINSY

FBAIBIAISY

awaoe[nuedure;)

eEa0E0J

8¥a08ld

amaoruolide

IBIDBIISY

ALAVLISNOYIOBIS

araoeuolideJ

LogoR[g
pu ussiard veoylrogiury

RIZURAL JUBIBRIg
30NI(] ("YIuag) SUIOIALRS BIZIIBA

219945 BIBUILINDE BIZHEM

[[Pqantyg snuuy
Y0 BIUS[IORLE BLRISGUIIYEA

anosa ] [1e} 598y
utfewsy 0 (1) soanAw erdinA

anass g [1e) [eaInbg
AvIny (]) seprowroxqg erdna

U239 A UCUITIOY)
] BALIES BIOIA

BIUISI)
120 {7]) SeplowIyIUE BIUIs))

TPUH STrounIq snooooorsydiry,

18A0[]) I998N0[D)
] WngBIstops wnffoyIL |,



Kingia Vol. 1, Na. 1 (1987)

YSTNIgN])) 1AL
A0 (] I 9A0T] Y

(U} ElEhlaclikg] (IyeA W) snpiea sngasjdowaoyag
J20(J pa[n)

U aBa0Bu0BATO g T SNdSLIY xSwnyy

Jivqiadeg duemy

(WM ABIIBLATA] Taneyog errdydorgdeyr vonsreray
[10J31], JEa[MOLIBN]

[13)24 seavpuoldey ] snunssipsnfue snjoy

Usny jes[peorg

(uyyg agaoBOUN( gy snogruerd snoung
(WY sEadEIUNP ‘I SnUAOYISOIOY IIe snounyp
ysny paqurop

(NH geadeoun ‘1Y SNUIOYISOJoY snoung
23pag yeapmg

(O aeadrIadin A Y smppurdes snrad4
Amejua)) aqidg

uByouep xa

(uyH QEAVBURIIUIY) yosna (1) wnieards wrmumegua;)
Putadwr g jepaB0g

mH agadELL] SISUIAIR "JeA ] SISUBAIR SIRERUY

ad4y, Anwee seroadg spisaye]

b

TPRONPOXIUL = [ AATJEU = U QI3 = Y ‘[eruuaied Apoom = g

I8 [BIIOWIY A9[JeA 00IeUUL] Jeau 3¥e] gila PIJe[oosse sa1oads Jo odL) ‘Aqurey ‘ourey 7 xipueddy





