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Abstract

Foutds, W. Ecology of Pinnaroo Valley Memorial Park, Western Australia: flo stics and nut ent status'
Kingia 1(1): 27 48 (i987). The flo stics and nutient status ofPinnaroo Valley Memorial Park, Perth, are de
scrib;d. The veqeral iun waq represented oJ a low, open Banlsl€ $oodland with emergent Eu alytrus
marEinata,on neurral r pl low -ani ls bel, ,  nsine r o '  he Spearwnod DunP s! ' rem One hundred and eighty three
plani species were ree,,ided. ofwhich ar\'e.e introduced. The tree canopy comp;ised five specieswith Banlsia
arreruita dominant. Xanthotrhoea prcissiiwas the most abundant underctorey species Macro- and micro-
nutrient analyses were conductedon soil, plant and litter samples. The soil was found to be deficientin carbon,
phosph . r rus  and  n i r r a te  n i t  r ' , gen .  bu r  r e l a t i ve l l  h reh inpo ras ium.Spec iesbe long ing to theLegumino .ae fam
i l y  con ta ined  npa r l y  rw i . e  rhe  n i r r a re  n i l r opFn .on 'en i  i n  above  g round  t r ssue  compared  l o  spe . r cq  l n  o l np r
families.

Introduction

Pinnaroo Valley Memorial Park, occupying an area of 11 hectares in the Perth suburb
ofPadbury, 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 e, 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 Eucalyptus gomphocephala, E. marginata and. E. calophylla.ln 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. gomphocepfia]a, however, is
much more common than -8. maryinata and, E. calophylla, andlirnestone usually occurs
within 2 metres ofthe surface in the Cottesloe soils. A nearby Banksia woodland at Star
Swamp, which lies within the Cottesloe Association, is dominatedby Banksia attenuata,
B. menziesii and B. prionotes, with minor contdbutions of E. gomphocephala, and.
Allocasuarina fraseiana (Bell et al. 1979). The top soil is generally dark grey-brown be-
coming yellowish-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 Xanriori oea preissii, Jacksonia stenbergiana ar'd. Dryanda nirea, while the
more common introduced species are Ehrharta longiflora, Avena barbata, Hwochaeris
glabra and Romulea rosea (Bell ef 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 rnm 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
veeetation. Area 11 was burned in 1979, but the fire histories ofthe 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.

Vegetation

A nurnber of plots, each 10 m2 in area, were established at each ofthe 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). AII 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 ofherbaceous species a 1 m2 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 deterrnined by collecting above ground living plant material in four ran-
dom 1m2 quadrats at each site. The litter retained by a 1mm sieve was also gathered
from the same 1 m2 quadrats. The litter and plant material were oven dried at 95'C to
constant weisht.

Figure 1. Map of Pinnaroo Valley Menoial Park.
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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 Vo cover for a species x 100/total 7o 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.S.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 determinedby atomic absorption.

Samples ofabove ground living plant material were harvested for nutrient analyses in
October. At least ten herbaceous plants and ca 10 cm 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 gi and the Cu, Zn and Mn as pg g 1.

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 Baaksra 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, Sola num sodomeumand Pelargonium
capitatum.

Table l. Tree canopy parameters.

Species No. stems ha I Basal area Average
(m, ha 1) height

(m)

Eucalwtus go mp hocepha I a
E. maryinata
Banksia attenuata
B. menziesii
A I I ocasu a ri n a frasei an a

Total

5.5
93.6

338.7
51 .4
14.8

504.0

9.6
24.1
22.9
4.8
2 .4

63.8

14.2 (30)*
9.3 (18)
:.0 ( 8)
4.5 ( 9)
4.0 ( 9)

+ Height of tallest tree in woodland shown in parenthesis.

The tree canopy was made up of five species of which Barlrsra 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 I, an average height of 3 m, and a frequency of 82%. E. marginatawasthe next most
common species, while all other species had little influence on the density of the upper
stratum. Baxksra 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 pteiss was the most abundant understorey species with a frequency
of 100% and a biomass contdbution ofover 25% for the whole ofthe Iower stratum (AD-
pendix 1). Other common shrubs included lour Davresra species, mostly wiih
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. nudiflorawas observed. Three lfibbertra species were recorded, with the ubiquitous
Hibbertia hlpericoides contributing 3% ofthe total dry weight. Another common south-
western Australian species, Bossiaea eriocarpa, was also frequently found.

The predominant herbaceous species in the southern site was MesomeJa ena stygia
which contributed 27% of the total biomass, 14% cover and had a frequency of 80% oc-
curtence, Loxocarya flexuosa and Resfio aff. sphacelatuswere dominant in the northem
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% andT% 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 campestrc.Introduced species pro-
vided 52% of ground floor cover (Table 2). Although there was a similar number ofintro-
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 Ieaf
fall, rather than to any small differences in understorev densities.

Table 2. Total lrumber and cover abundance (m2) ofnative and introaluced herbaceous sDecies in the
northern (roadside) and southern sites.

Species
rlpes

Northern site
No. spp. Cover

Southem site Total Park
No. spp. Cover No. spp Cover

85 .1

69.724.7

23

1245.0

20

13

3 1Native

Introduced

Only those species recorded in quadrat data are included.

NortheIn

Tab le3 .Ave raged rywe igh t (gm, )o f l i v i ng lege ta t i onand l i t t e ro f t heNor the rnandSou the rn

Species Types Southern Park Average

Woody perennials
Native herbs
Introduced herbs
Litter

120.6 (4)
96.8 (4)
21.8 (4)

127 .3 \7)

159.6 ( 8)
117.6 ( 8)

0.0 ( 8)
63.0 (10)

146.6
110.6

7 .3
89.5

Number of samples shown in parenthesis

The main flowering pedod for most species was early spring (Figure 2). The response to
the winter rains was reflected in the spring flowering winter annuals. Althougt the dry
summer usually inhibits growth and reproduction, Banksia attenuata, Leucopogon
propinquus, Melaleuca acerosa and, Calytfix fraserj of the shrub component and _Restio
aff. sphacelatus, Ptilotus caespitulosus, Thysanotus patersonrJ and Tricoryne elatior of
the herb layer flowered mostly at this time ofyear. The natives Jacksonia iternbersiana
arad. Scaevola paludosa and the well adapted exotics Pelargonium capitatui and
Solanum nrgrum flowered all year round, wlnile Corynotheca micraniha possessed
flowers for only a few days. Drosera erythrorhiza and Conostylis teretifolia iere never
obseNed to bloom between 1979 and 1983.
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J

Month

Figrre 2.  Number ofspecies I lo$ pr ing dur ing.ach monr h o i  thp )  ear.  The dar a summarize ubservar ions , rom
lV6l  dnd tVt12 {shrubs.  halched: herbs,  open).

Mineral Nutrient Status

The soils were neutral yellow sands varying in depth from zero to 11 metres over pin-
nacles of limestone. 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 euindalup and
Bassendean soils the potassium level was relatively high (Zi.gug g1\. The low chloride
content of 20/.g g r, compared with 26l.5pg g 1 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 ofthe litter, 0.2 rng g.r, and plant
tissues, 0.08 mg g 1, were like the soil, very low compared with other macronutrients
tested such as K, 9.8 mg g'1 and NO"-N, 10.3 mg g r. Members of the family
Papilionaceae possessedtwice the NOr-N cbntent compaied with other species analysei
(Table 5). The species dominating the ecosystem, Barl<sia attenuata,was relativelv low
in N, P and K. Along with Barksia menziesii and" Dryandra niveait 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 Status of the more common plant species and the litter layer.

MnZnK Cu
NO"
-N'

Litter

POACEAE
aBriza maxima
+ Lagurus ovatus
Stipa compressa

CYPERACEAE
Lepidospema gracile
Mesomelaena stygta

RESTIONACEAE
Loxocarya flexuosa
Restio aff . sp hace latu s

XANTHORRHOEACEAE
Xanthorrhoea prcissii

CASUARINACEAE
Alloc asu ari n a fr asei an a

PROTEACEAE
Banksia attenuata
Banksia menziesii
Dryanda nivea
Petrophile lineafis

PAPILIONACEAE
Daviesia decurrens
Daviesia divaicata
Daviesia gracilis
Daviesia nudiflora
H a rdenbergi a c o mptonian a
J ackson ia stcrnbergiana
Kennedia prostrata
Oxylobium capitatum
*Trifolium campestre

DILLENIACEAE
Hibbertia hwericoides
Hibbertia racemosa

MYRTACEAE
Edcalwtus gomp hocep hala
Eucalwtus marginata

GOODENIACEAE
Scaevola canescens
Scaevola paludosa

ASTERACEAE
* Hlpochaeris glabra
Waitzia suaveolens

MEAN

0.4 9.6 5.5 3.3
0.5 6.3 5.4 2.4

6.3 2.4
8.0 1.0

0.6
0.4

0.5

2.0

13.5
14.6
12 .1

10.?'7.8

6.8

14.2
8.0

5.1

28.6

11 .4
10.2

10.0

7.1 2.6
5.2 1.8
5.8 2.2

1 .2
1.0
1 . 1

3.2
5.0

0.6 7.1 g.g
0.6 7.9 7.9

23.5
13.6

9.8

1 . 4

4.h  r .6

49
23
21

4 l
25

63
11

9.9
19.5
10.9

11.8
8.3

10

20

241
220

2 1

38
38

33
3 1

15
18

19
30

0.5

0.5
0.6
0.6
0.6

5.6

7.6
5.5
4.4
4.7

12.7
8.4

10.5
14.5
15.2
13.1
17.9
13.9
26.8

0.8
0.8
0.5
0.8
1.2
1.0
1 .1
0.6
1.'.|

4.8
6.0
8.8

17.4
9.2

13.4
8.2

14.8

10.4
4.0
2.'.7
1 .3

5.3
?.9
3 .1
6.2
2.4
2.4
4.2
2.9
5.2

12.5 33
6.3 7
5.6 28
7.3 15

10.3 20
12 .8  11
21.2 69
13.1 29
27.8 39

0.9 6.2 7.1
1.1 5.9 './.5

3.1 10.8
11.2 23.4

2.4 11.8
10.5 15.2

0.7
0.?

1 .0

0.8

13 .4
16.9

11 .1
13.0

32.',l
29.',l

8.9 1.6
7.0 2.5

7.8 2.5
9.2 7.4

* Naturalized alien species.

14.0 47.1
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Discussion

The BarJ<sra community at Pinnaroo Valley Memorial Park was similar to the nearbv
woodland at Star Swamp (Bell el al. 1979) which was dominated by Baaksia species and
with minor contributions by .Eucalyp tus gomphocephala and Allocasuarina fraseriana.
However, the frequency of Eucallptus marginata in Pinnaroo Park was much greater
and the understorey layer also showed local variations. Xaathorr.hoea pretssii was nre-
dominant and although the ubiquitous Hibbertia hypericordes was commonly seenithe
shrub canopy was dorninated by the four Davresra species.

Pinnaroo Park was floristically similar to olher Banksia communities found in
Spearwood sand north of Perth, e.g. Type D of Havel (1976), but lacked certain shrub
species such as Synaphea polymorp-ha. The Ban.ksra 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 a\d Leucopogon
kingianus are common, but both are absent at Pinnaroo. In areas where yellow sand
reached the surface mutually common components were Mesomelaena stygia, Hibbertia
lacemosa and Davresia nudiflora.

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

Degradation of vegetation, similar to that seen at Star Swamp, is evident from the
high frequency ofintroduced 'weedy' species and the presence ofpyrogenic grasses, t5pi-
cal ofoften-burnt vegetation. This was particularly true in the case ofthe 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 Banlrsia 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 preissri suggested a relatively moist
habitat whereas the presence of Hibbertia hS4tericoides, Mesomelaena stygia and.
Petrophile macroslaciya 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 macronutdents (PKN) of the leached Bassendean sands (Table 4).

The plant tissues that had been shown to act as a means of storase 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 ofthe 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 recycling ofnu-
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 t, no phosphorus, nitrate nitrogen or trace elements
were Iouno.

Estimates of canopy nutrient leaching from tree Ieaves and sterns by throughfall rain
in Eucal54rt forests (Smith 1974) suggests that some mineral replacement in the Banl<sia
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 ofions, such as Mn, by indigenous plants from nutrient
deficient soil suggests a specialised adaptation. In the case ofthe 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).
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