I I T (e ||

MULGA
RESEARCH
CENTRE

annual report 1978

{Publication sponsored by Agnew Mining Company Pty. Ltd.)

Sponsors

Utah Foundation

Western Mining Corporation Ltd.
Agnew Mining Company Pty. Ltd.
Forests Department of WA

WA Institute of Technology

Date of Publication March 31st 1979

Western Australian Institute of Technology
Hayman Road, Bentley. WA 6102 ISSN O 155 7955

ISBN 0 908155 08 5






MULGA RESEARCH CENTRE

Annual Report 1978

Contents

Chemical contents of the foliage of mulga
D. Pedrotti and J,E.D, Fox

Pot trials with Acacia saligna
J.E.D. Fox and J.S. Wallman

Extrafloral nectaries in Australian plants with

special reference to Adcacia
Byron Lamont

Variation in phyllodes within individuals of Acacia
aneura
J.E.D. Fox

The possible protective function of extrafloral
nectaries of Acacia saligna
J.D. Majer

A general account of the Trifid site, Mileura
J.E.D. Fox

Preliminary studies of water relations of some tree
species at Yeelirrie
S.R. Shea, J.R. Bartle, P.C. Richmond

1-7

9-14

15-18

19-29

31-39

41-57

59-62






CHEMICAL CONTENTS OF THE FOLIAGE OF MULGA

D. Pedrotti and J.E.D. Fox
Chemistry and Biclogy Departments,
Western Australian Institute of Technology

Introduction

The chemistry of mulga foliage is of interest
for two reasons. Firstly there 1s the problem
of variation within the species decacia aneura
and secondly the degree of palatability is of
interest to the pastoralist in terms of drought
reserves, and, also to the question of long
term persistence of the plant in defined areas.

The phyllodes of decacia aneura are variable be-
tween individuals. They may differ in length,
breadth, colour and general shape, and possibly
in their internal anatomy as well. The questi-
on of variation in size of phyllodes within in-
dividual plants is discussed elsewhere in this
volume. To some extent it must be assumed that
between tree variation will comprise elements
related to age (size), season and the moisture
availability of the habitat. The fact that in
many localities individuals with different phy-
llede types are found adjacent to each other
suggests that if there are genetical differen-
ces then perhaps hybridisation leading to the
production of intermediate forms is frequent.
The chemical constituents of Acacia phyllodes
may provide some evidence for taxonomic differ-
ences.

In a general paper on Acacia taxonomy Pettigrew
and Watsonll used the group 'phenylalanine or
tyrosine alkaloids' with the following six mem-
bers successfully splitting taxonomic groups on
the basis of presence or absence:
phenethylamine

N-methylphenethylamine

tyramine

N-methyltyramine

N,N-dimethyltyramine

L N7 IR . B O

candicine

Information to these authors was not available
for this group in relation te Acacia aneura,
nor was it available for the other block of
tryptophane-derived alkaloids also used as tax-
onomic indicators (tryptamine, N-methyltrypta-
mine, dimethyltryptamine, and N-methyltetrahy-
droharman).l1,14

Palatability

The feliage of mulga is not tasty and it would
be presumptuous to suggest that kangaroos (the
only significant indigenous herbivores) would
normally include it in their diet. The intro-
duced animals are znother matter. Wilcoxl?
suggests that there are conflicting reports on
the palatability of young seedling mulgas, with
rabbits definitely known to eat them, and also
heavy grazing pressure by cattle in some insta-
nces. Observations at Mileura suggest that
goats will browse at least terete foliage on
young seedlings. Horse browsing has been noted
at the Lake Mason/Yeelirrie common boundary and
cattle have been observed to selectively browse

both terete and broad phyll bushes (see below).
A number of observations have been made in re-
lation to the use of mulga foliage as sheep
fodder in times of drought,3.7,8,9,10,16,17

A theory on palatability was proposed by Melvi-
11e? in his investigation of the drought pastu-
res of the Murchison district (based on Beolar-
dy) in 1937. Melville observed variations in
palatability in feeding experiments with sheep.
He observed that leaves with a shiny, varnished
appearance were inedible, The shiny appearance
is due to a resinous exudate encasing the leaf
which inhibits moisture loss.

Melville related palatability to the 'ether
extract' of the leaves. The extract, which
contained the resinous exudate, showed a close
negative relationship with palatability. This
correlation was based on an analysis of six
'varieties' of mulga in one paddock and of five
in another. The sheep in these paddocks showed
a distinct order of preference, the most palat-
able trees were completely stripped before the
animals proceeded to individuals of the next
variety.

The quantity of resinous material was suggested
as being related to:

variety;
seasonal conditions;
age.

All varieties were said to contain a greater
amount of exudate in drought conditions and
when young, with young plants in drought condi-
tions showing maximum secretion. This however
is perhaps rather controversial as many young
plants tend to assume a stressed appearance in
drought, whereas, particularly with the terete
leaf forms, a dark resinous secretion often
seems to be more evident on young actively gro-
wing foliage.

The secretion comes from glands on trichomes.
Melville suggests that the secretion encases
the foliage in a resinous shell which maintains
it in a state of dormancy. Because of the ex-
cessive secretion even the more edible variet-
ies are inedible when young. Melville? belie-
ves that the exudate from young plants has a
different composition than the exudate of mat-
ure plants. A bitter principle in the young
plant is more evident than in the mature plant.
No attempt was made to determine the nature of
the bitter principle.

The work of Melville is also discussed by
Nichols® who gives the following values for
seven edible and four inedible mulgas: total
ash, average 4.8%, calcium just under 2% (a0,
and P05 average 0.25% for edible and 0.16%

for inedible types. Also relatively high crude
protein figures for the mulgas were noted with
the average for edible types 10.4, and for in-
edible 8.4%. 1In the case of young mulga, Nich-
ols quotes Melville to the effect that seedlin-
gs less than four inches in height, even of the
most edible varieties, are definitely distaste-
ful to stock., Often it is not until the tree
is out of reach of sheep that it can be consid-
ered edible. Nicholsl® gives further notes on
the same series of observations, viz (p.68)
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"Now, botanically, mulga is Acaecla aneura - one
species - but the sheep is a sensible animal
with considerable powers of discrimination. It
recoghises a number of mulgas".

Wilcoxl® reported a cutting of mulga trial at
Albion Downs. The experiments reported were
commenced in 1956 and 1957. His observations
suggest that mulga palatability is not influen-
ced by age, but is a lifetime characteristic of
the plant.

Data is available (with D.G. Wilcox at the Dep-
artment of Agriculture) for 20 different mulga
labelled E1-E20 analysed by Melville for ether
extract, crude protein and crude fibre. Unfor-
tunately descriptions of the phyllodes cannot
be found for these.

Similar analyses were done by Wilcox of the
fallen mulga phyllodes in his trials. Wilcox
reviewed a mmber of papers on palatability of
shrubs to sheep. He notes that Melvilled ascr-
ibed differences in palatability to the level
of ether extractable constituents in the phyll-
odes which may rise to 12% in unpalatable vari-
eties., Wilcox reports that in his Albion Downs

trial 'at no time did seed fall exceed 2 kg/ha'.

The fallen leaf contained an average of 8.5%
crude protein and 29.1% fibre - this is said to
be adequate for maintenance but not reproducti-
on in sheep. Leaf value would also fall off
with age, due to weathering and termite activi-
Ty.

A useful account of the crude protein and oxal-
ate content of other shrubs available to sheep
is given by Wilsonl8. He also refers to sever-
al references which give values for ash, and
its sodium chloride content.

Everist® gives the following values for mulga
in terms of 'crude chemical composition analy-
ses moisture free %':

crude protein 11.7

crude fat 2.7

crude fibre 29.0

N.F.E. 49.6 (nitrogen free
) extract)

ash 1.29

phosphorus 0.07

In general, of course, most of the analyses are
expressed-as percentage of dry weight with the
difference between fresh weight and dry weight
being assumed to be mainly due to the water
present in the foliage.

Rogers and Davies12 examined the chemical com-
position of four grass species. They looked at
Ca, Mg, P, X using X-ray fluorescence spectro-
metry and N with Kjeldahl. There was correla-
tion of K, N and Mg with soil oxygen concentra-
tion, suggesting that under different conditio-
ns these herbage species would contain differe-
nt nutritive values. Seasonal trends in values
for Ca, P, ash, crude fat, crude protein and
crude fibre have been shown for a number of
Oregan range forage plantsé. Seasonal variati-
on has also been examined for trees of the same
general sort of vegetation as the W.A. Mulga

Zone by Ernst? in central Africa. He examined
Ca, CI, Cu, Fe, K, Mg, Mn, Na, Ni, Al, N, and
P and found that levels of K, Mg, N and P are
highest in young leaves and these elements are
reabsorbed to some extent prior to leaf fall.
Al, Ca, Fe and Mn increase in content with
ageing of the leaves, while Cu and Zn show no
regular trend.

A comparative phytochemical survey of varieties
may lead to an explanation of the variations

in palatability. There are many phytochemicals
which are bitter, and if present in the leaves

may discourage grazing. The types of compounds
which may affect palatability include terpenc-

ids, saponins, flavanoids, cyanogenic glucosi-

des and many others.

Cyanogenic glucosides, which release HCN, have
been found in a number of acacias including
A.deanet spp. pucijuga, A.cwwminghamii, A.gira-
ffae, A.parramattensis, A.pulchella” and A. far-
nestanal®, The structures of the cyanogenic
glucosides differ, but a typical example is
sambunigrin.

O

0 - Glucose

Sambunigrin

Saponins, which are triterpenoids with gluco-
sidic attachments, have scap-like properties
and may discourage grazing. An example of a
saponin is acacic acid which has been found in
a number of acacias! including 4.concinna.

OH
Acaete asid

COOH

OH
HO

The sugar unit is attached through the 3-hydro-
xyl group, and can be any one of a number of
sugars.

Extensive work has been carried out on the fla-
vanoid content of the heartwood and bark of
many species of Acaeia.2,14,15 The purpose of
these studies was to classify the different
species according to flavanoid content. Mulga
was divided into two sub-species, one being
A.aneurq var. aneura, and the other A.aneura
var. latifolia. Both varieties were shown to
contain 3; 4, 7,8-tetrahydroxyl flavanoids,
which are similar to (-)-Melacacidin and have
37 45 7,8-hydroxylation pattern.

* This species is widely browsed by kangaroos
in the south-west of Western Australia.
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However, no work was done to compare the flava-
noid content of the different varieties of
mulga.

Methods

Fresh foliage was collected from 10 plants at
Yeelirrie Station in an area stretching east of
Altona through Mugs Bore to the eastern bounda-
ry with Albion Downs. Earlier observations at
Sherwood suggested preferential grazing by
cattle and the Yeelirrie set encompassed the
range observed at Sherwood. Samples weTe
collected in July and air dried for one week
prior to testing. The following tests were
performed.

1. Detection of cyancgenic gluccsides

Picric acid papers were prepared by dipping
pieces of filter paper into saturated aqueous
picric acid (150 ml), previously neutralized
with sodium bicarbonate. The papers were
allowed to dry and then cut into small strips.

About 2 g of ground leaves was placed in a test
tube containing two drops of toluene and one
drop of water. A strip of picric acid paper
was suspended at the top of the test tube by
means of a cork. The tubes were incubated at
40°C for two hours to test for the enzymic re-
lease of HCN. The tubes were then left for two
days at room temperature to test for the non-
enzymic release of HCN. Loguat seeds were used
as a control.

2. Detection of saponins

About 2 g of ground leaves was shaken with
5 ml of aqueous ethancl (1:1). An estimate of
saponin content was made by comparing the
amount and persistance of the foam formed.

3. Flavanoid content

Leaves previously extracted with n-pentane
(see item 4) were ground and extracted with hot
95% ethanol. The extraction was repeated until
all colouring material had been removed from
the leaves. The combined ethanol extracts were
concentrated to about 20-25 ml on a steam bath.

Samples of the ethanol extracts were spotted on
Whatman No. 1 chromatography paper and develop-
ed in two dimensions using a descending techni-
que., The paper was first developed using
B.A.W. (butanol, acetic acid, water, 4:1:5 top
layer) for sixteen hours and then using 15%
acetic acid in water for four hours. The chro-
matograms were air dried and examined under

U.V. light.

4. Wax extrgetion

Exactly 5.00 g of leaves was continuously
extracted with re-distilled n-pentane for 4-5
hours using a soxhlet extractor. The leaves
were not ground since only surface material
was being extracted. The material was extrac-
ted into a weighed flask, taken to drymess and
re-weighed.

The material extracted was dissolved in pent-
ane and a small quantity of the solution was
evaporated on sodium chloride I.R. plates.
The infra-red spectTum was recorded using a
Perkin-Elmer 157 spectrometer.

A small quantity of the solution was spotted
on an activated silica gel plate. This was
developed using toluene/petroleum ether (BP
70-90) (1:1) and the spots were located using
iodine vapour.

5. Ether exztraction

Exactly 5.00 g of leaves was extracted
with re-distilled diethyl ether using the pro-
cedure in section 4. After weighing, the ex-
tracted material was dissolved in ether and
dried over magnesium sulphate. A sample of
the dried solution was evaporated into sodium
chloride plates and the infra-red spectrum re-
corded.

6. Terpene analysis using gas liquid chromat-
ography (G.L.C.)

About 5.0 g of leaves was ground and ex-
tracted with n-pentane. The combined extract
(50 ml1} was concentrated to 5 ml. Any solid
material in the extract was removed by centri-
fugation. The samples were analysed on a
G.L.C. using the following conditiomns.

G.L.C, Varian 1440

Column 3 m 5% Carbowax 20 m

Temperature column QOOC-1§21235+200°C
Injector  200°C

Detector  250°C

Volume 1 ug

Carrier Gas N, 25 ml/min.
Recorder Rikadenki
Attenuation 1 x 10710
Chart Speed 20 mm/min.

7.  Preparative G.L.C.

About 90 g of sample Xiwas ground using a
mortar and pestle. The coarse powder was ex-
tracted with n-pentane overnight. The extract
(300 ml1) was concentrated to 5 ml by a series
of concentration and centrifuge steps to re-
move precipitated material. The extract was
passed through the G.L.C. using the following
conditions.



B.A.W.

Column 1.5m 12%0.25 ODSE 30
Temperature column 90°¢ —292/min.,, 2400C
Injector 220°C
Detector 285°C

Collector 245°C
Carrier Gas N, 80 mt/min.
Volume 500 uk

Component 1 was collected using an ice bath.

Methylated flavone
(or biflavonyl)
Eg‘::::’ Flavones/flavonols

- 3\
f/t) “ \‘\(:) (::}I\ -

o IR & L ~ _ —~Glycoflavones
Vo & O
- O oy
Q“ -
Anthocyanins

Flavone 7-Glucosides

5% aq acetic acid

.

Fig. 1 Location of flavanoids.

Results

A. Observations at Sherwood

An area within Big Paddock, near Murchison
Downs Road at the south end of Sherwood Station
was visited in November 1977. Here a number of
cattle were present and recent browsing damage
was noted on mulga trees of intermediate size
(Table 1).

This set of observations indicates distinct

segregation between the broad leaf (variety

latifolia) and tercte forms as edible on the
one hand versus the narrow leaf forms as in-
edible on the other hand.

B. The Yeelirrie samples

Using the same terminology as in Table 1 the
ten Yeelirrie samples may be categorised as in
Table 2,

This order of apparent edibility clearly rela-
tes only to a direct comparison of the Sher-
wood samples, that is as regards cattle brows-
ing preference.

1. Cyanggenic gluccsides

Many plants contain cyanogenic glucosides
which release small quantities of HCN when the
plant tissue is damaged. The release can
either be enzymic or non-enzymic and occurs by
the following mechanism.

R 0 - Glucose R OH R
\C/ hydrolysi A C/ \C 0 N
ydro 2515,. —_ =0 + HC
FERN RN /
Ri CN Ry CN Ry

The HCN released gives the plant material a
bitter taste and hence prevents grazing.

The tests carried out on the ten varieties of
mulga were negative to both enzymic and non-
enzymic release of HCN, which means there are
no cyanogenic glucosides in the leaves.

2, _Saponins

Saponins are present in many plants and cccur
in various parts including the leaves, roots
and seeds. Saponins are triterpenoids and
steroids with glucosidic attachments. The pre-
sence of saponins in plant material may dis-

TABLE 1 Big Paddock Sherwood 500 m2 Plot.
Collection Status
No Leaf Type
: Eaten Not Eaten Total

1080 short terete 1 4] 1
1078 long terete a 6 0 5
1082 var. latifolia *(blue) b 1 ] 1
1081 long, narrow, curved c 0 2 2
1079 long, broader, green/grey d y 8 8

* Many others of this typé in the vicinity, all heavily browsed.



courage grazing because of their socap-like pro-
perties.

TABLE 2  Yeelirrie Sample Characteristics.

Sample Leaf Type Leaf Colour Assumed Edibility*

C1 long, terete green edible = a

H1 long, terete green edible = a

B1 var. latifolia (tree) grey/blue edible =

G1 var. Zattfolia (small bush) grey/blue edible = b

El long, narrow, curved light green intermediate =

F1 short, narrow, curved green/grey intermediate

X1 long, narrow, curved dark green intermediate =

D1 long, broader, curved green/grey inedible = d

Al + long, broader, straight green/yellow inedible
(small bush)

A2 + long, broader, straight green/yellow inedible
{tree)

* a, b etec. as in Table 1.

+ These two specimens are from a 'black mulga' probably Acacia

aff, coolgardiensis.

Semiquantitative analysis of the leaves for sa-
ponin content indicated that there were sapon-
ins present and in varying amounts. Results
are given in Table 3. A number of samples for-
med only a very small amount of foam (+) sugge-
sting that little or no saponins were present.
Sample AZ ++++ contained significantly higher
amounts of saponin than any other sample.

3. Flavanoids

It is possible to identify a number of fla-
vanoid classes using paper chromatography. The
location of flavanoids on a two-way chromato-
gram is shown in Fig. 1.

Flavanoids can be subdivided into a number of
smaller classes including anthocyanins, flav-
enes, flavanols and biflavonyls. Flavanoids
are phenolic compounds, an example of one
found in mulga heartwood is (-)—Melacacidin.14
They are pigments and co-pigments and may dis-
courage grazing by imparting a bitter taste to
the plant.

Variations occurred though the differences in
chromatogram pattern were difficult to interp-
ret. Suffice it to report here that more flav-
anoid spots cccurred on the chromatogram for
specimen Al than for A2 and more for that of Gl

than for Bl.

4.  Wox

Examination of the leaves under a micro-
scope showed there were globules of wax on the
leaf surface. This wax could discourage graz-
ing, hence palatability may be related to the
amount of wax on the leaves,

A n-pentane extraction was carried out to dete-
rmine the wax content of leaves. The results
are shown in Table 3.

The waxes were a mixture of eight to ten com-
pounds which, when separated by G.L.C., ranged
in R¢ from 0.03 to 0.97. Infra-red spectrums
of the samples were recorded and all gave simi-
lar spectrums indicating that the waxes were
largely fatty esters.

5.  Ether sxtracts

Melville related palatability to the amount
of ether extractable material on the leaves.
His results indicated that there was an inverse
relationship between palatability and the ether
extract. An ether extraction was carried out
on the ten samples and the results are given in



Table 3.

The infra-red spectrum showed a strong carbonyl
peak at 1710 m, and a broad hydroxyl peak for
all samples. This indicates that the ether ex-
tracted both waxes and free acids on the leaf
surface.

6. Terpenge

The n-pentane soluble constituents, which are
mainly terpenes, were analysed using G.L.C.

The aim was to compare, without necessarily
identifying, the terpenes present. With the
exception of two components, which were present
in B1, F1, G1 and X1 but not in the other
samples {Table 3} the chromatograms were almost
identical. Component 1 had a retention time of
11.8 minutes and was the major constituent.

The amount of 1 was especially high in F1 and
X1. Associated with the major component was a
second constituent (2) which had a retention
time of 12.0 minutes. Because of their occurr-
ence together and similar retention times, com-
ponents 1 and 2 could be structurally similar,
Component 1 presence in Bl, Gl indicates that
it was not related to palatability.

An attempt was made to identify component 1.

By using preparative G.L.C., 98 mg of component
1 was isolated from an extract obtained from

90 g of X1. The substance isclated contained
about 80-85% of component 1 and 15-20% of com-
ponent 2 and had a melting point of 31-33°C.
The infra-red spectrum of the mixture indicated
that component 1 was an aliphatic ketone. A
mass spectrum of the mixture showed there was a
major constituent with a mass of 195.

Discussion

The results suggest that there are definite
differences in the chemical constituents of
the leaf types sampled. Of particular interest
is the indication of confirmation of earlier
work in respect of differences within a type
with age. Both Bl and Gl (deaeia areura var.
latifolia) and Al and A? (A.aff.coolgardiensts)
results suggest that younger plants may be

less palatable than older (larger) ones of the .

same leaf type. Flavancids are more evident
from the younger samples for both while the
broad leaf mulga young plant examined had much
greater saponin and a higher proportion of
ether extract than the other edible mulga
types examined. There are no indications of
A.aff.coolgardiensie being palatable at all
though the lack of saponins and comparatively
high ether extract for the small specimen
suggest that changes with age may be a common
feature for a number of species. It would be
interesting to examine this with a set of
samples from different sized plants of the
same leaf type at one location, and also for
phyllodes of different age from the same spec-
imen.

Of the tests undertaken that for terpenes
shows most promise in terms of delineating
possible varieties. The classification by
gross morphology (Table 2) coincides very well
with presence of two components and of a high
level for component 1 {Table 3). The wax pro-
portion is likely to be most variable within a
particular plant and may not be of much value
in gross terms, though there may well be diff-
erences in constituents.

TABLE 3 Results of Chemical Analysis.

Sample Saponin Terpenes %W:’/(w Ethe; E;;rau
C1 ++ 4.6 7.6
Hi ++ 5.4 8.6
B1 (+3 1, 2 3.8 8.4
Gl ++ 1, 2 3.2 9.8
El {+) 2.0 6.2
F1 + 1%, 2 3.0 14.2
X1 +++ 1*, 2 7.4 27.0
D1 (+) 2.2 6.6
Al (+) 1.6 3.0
A2 ++++ 1.4 4.4

1* component 1 particularly high (see text}.



Though specimens F1 and X1 were classified as
intermediate in Table 2, the high levels of
ether extract coupled with high saponin content
and (possibly) the particular high level for
terpene componentisuggest that 'inedible' may
more accurately describe the narrow (non-terete)
leaf forms.
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POT TRIALS WITH Azacic saligna

J.E.D. Fox and J.S. Wallman
Department of Biology,
Western Australian Institute of Technology.

Introduction

Acacia saligna is an aggressive, vigorous
shrub. In the metropolitan area of Perth it is
capable of growing on bare sand alongside roads
and has been planted to stabilise verges in
some places., Preliminary observations had
suggested that competition sets in early with

1 plant in a pot of 3 or more showing dominan-
ce within a few months of germination.

Similarly waterlogging tests suggested that
pots with 4.saligna given water to €XCESS Pro-
duced narrower phyllodes than those not so
treated.

This note reports the results of experiments to
measure competition and to observe the effects
of an abundance of moisture on this important
species., Some observations were also made on
varying nitrogen levels.

Methods

Seeds of Acaeia saligna obtained from the W.A.
Forests Department were treated with hot water
and then placed in petri dishes in a growth
cabinet (dark) at 210%1°C. After 7 days 90%
germination was achieved and seedlings were
planted out on lst August 1978.

Competition

A so0il mix composed of two thirds coarse sand

and one third nursery potting mixture (fine sand
and compeat) was prepared and 28 pots of 15 cm
diameter were filled to 12 cm depth. Seven pots

each received 4, 3, 2 and 1 seedling(s) per pot.
This allowed five harvest dates with two pots
of each seedling set as spares. Harvests were
at 36, 50, 64, 85 and 99 days from planting. Pots
were watered approximately every third day.

Waterlogging

A set of 24 pots were planted using the same
soil mixture and planting densities as above,
with half the pots placed on saucers maintained
with water. Three harvests were set at 36,71
and 92 days from planting. All plants were wat-
ered every third day, the control pots lost
excess water by direct drainage.

Mutrition

A set of 60 pots (plus some spares) were filled
with a modified U.C. Soil Mix B+ substituting
coarse sand for fine sand and omitting nitrogen.
Each pot rTeceived one seedling and them sets of
15 pots were given nitrogen as ammonium sulpha-
te in multiples of the standard mix level of
.22 g 2-1 as follows:-

control 0
% normal .11
normal .22

2 x normal .44
3 x normal .66

Plastic saucers were placed under the pots to
prevent leaching of fertilizers. Five harvests
were set at 36, 50, 64, 85 and 99 days from plant-
ing, allowing three plants to be harvested at
each date. The watering regime was as described
above.

Results

At each harvest all plants were directly weighed
for fresh weight and after drying at 50°C for 48
hours for dry weight. Observations were also
taken on the extent of nodule formation. The re-
sults are presented in tabular form.

TABLE 1 Competition experiment Acacia saligna - Weights of plants at five harvest times (g)
Harvest No. per Fresh We. Dry WE. Mean FW/DW
(Days]} pot Total Mean Total Mean Ratio
36 1 - .144 - .017 8.5
2 . 300 .150 .028 .014 10.7
3 .437 146 . 046 .015 9.5
4 . 640 .160 067 017 9.6
50 11 - L350 - .035 10.0
2 . 280 .140 .033 . 017 8.5
3 .721 .240 .081 L027 8.9
4 .013 .228 .130 . 033 7.0
64 1 - .304 - .050 6.1
2 .473 . 237 .083 .04z2 5.7
3 .708 .236 .101 .034 7.0
4 1.624 406 .238 . 060 6.8
85 1 - .566 - 070 8.1
2 .672 .336 .114 . 057 5.9
3 2,011 .670 .298 . 099 6.8
4 2.743 .686 .426 .107 6.4
99 1 - 1.100 - .150 7.3
2 1.882 . 941 .2590 .145 6.5
3 4,360 1.453 .580 .193 7.5
4 6.278 1.570 . 754 .189 8.3
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TABLE 2 Waterlogging experiment dcacia saligna.
Weights of plants at three harvest times (g)
Harvest No. per Frosh Wt. Dry We. Mean FW/DW
{Days) pot Total Mean Total Mean Ratio
{a) Plants watered to excess
36 1 - .150 - L0158 10
2 .303 .152 .033 017 8.9
3 .444 .148 046 .015 9.9
4 .940 .235 .086 .022 10.7
71 1 - .560 - 071 7.9
2 .794 . 397 087 .44 9.0
3 1.527 .509 .158 .053 9.6
4 1.379 . 345 .162 .041 8.4
92 1 - 2.513 - 433 5.8
2 1.042 .521 .152 076 6.9
3 3.276 1.092 .449 .150 7.3
4 4,143 1.036 .503 126 8.2
(b} Contrel plants
36 1 - . 254 - .022 I1.5
2 .333 .167 .030 L0135 11.1
3 .429 .143 .050 017 8.4
4 .605 .151 . 077 .19 7.9
71 1 - .380 - .036 10.6
2 .534 L 267 . 063 .032 8.3
3 1.018 .339 .108 .036 9.4
4 1.204 .301 122 .031 9.7
92 1 - .514 - .049 10.5
2 1,567 .784 .133 . 067 11.7
3 3.192 1.064 .451 .10 7.1
4 1.987 497 . 288 .072 6.9
TABLE 3 Nitrogen level experiment Aeacia saligna.
Weights of plants at five harvest times {g)
Nitrogen Harvest time {days)
level 36 50 64 85 99
0 Fresh wt. 126 .185 .312 . 206 .550
Dry wt, .013 018 .034 . 027 .055
FW/DW ratio 19.1 10.6 9.2 7.6 10.0
b Fresh wt. . 087 .197 .198 .388 .513
Dry wt. .011 .024 .019 .055 .078
FW/DW ratio 7.9 8.2 10.7 7.1 6.6
1 Fresh wt. .118 172 .180 .887 . 816
Dry wt. .012 .018 L 0L .151 .130
FW/DW ratio 9.8 9.6 12.4 5.9 6.3
2 Fresh wt. .108 .261 .194 .555 .860
Dry wt. L011 . 036 .017 104 .105
FW/DW Tatio 9.8 7.3 11.8 5.3 8.2
3 Fresh wt. .087 .290 LA25 772 .786
Dry wt. .011 .035 042 .099 .115
FW/DW ratio 8.3 8.3 10.2 7.8 6.8




Discussion

Competition

A comparison with the 1977 observations is con-
founded by different growing conditions. The
original set of pots were planted on the 3rd
October 1977 and harvested 64 days later on 6th
December. In the 1978 experiment reported here
the last harvest was 99 days after planting on
7th November 1978. The 64 day harvest was made
on 3rd October, at the time the previous set
was started. Better growing conditions further
into summer probably accounted for the accumu-
lation of heavier dry weights and for the more
direct expression of competition than achieved
in 1978. A comparison of harvests on a rela-
tive basis is as follows:-

1977 Max imum Mean
No. in pot (64 days)
1 100 100
2 204 118
3 118 77
4 119 56
1978 Maximum Mean
No. in pot (64 days)
1 100 100
2 156 a4
3 202 68
4 476 120
and for the final harvest:
1978 Maximum Mean
No. in pot (99 days)
1 100 100
2 193 97
3 387 129
4 503 126

Thus the tendency for total dry matter produc-
tion to peak at two per pot and trail off at
higher densities is not confirmed in the pres-
ent experiments. Similarly the mean drvy weig-
ht per plant had not begun to fall off at in-
creasing plant density by the time the experi-
ment had terminated. All four densities were
similar (Fig. 1). However some indications of
the onset of competition may be noted, with
due allowances made for a lack of replication.
Thus the mean fresh weight/dry weight ratio
for all plants harvested at each harvest date
tended to decline through the course of the
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experiment (Fig. 2). Bearing in mind the
seasonal effects mentioned earlier it is pre-
sumed that the 99 day harvest included a burst
of enhanced growth so that to some extent the
last harvest may be atypical. Similarly days
55-64 were dry and warm, possibly accounting
for a rapid decline in fresh weight/dry weight
ratio for the third harvest.

The relative growth rate (RGR) was calculated
as follows:

RGR = 1nwp - In.w]

ty - 1

where wp is dry weight at time 2 (t2);
wy is dry weight at time 1;

tz - t] is time betwsen harvests;

s0 that RGR is expressed in
g g1 day"L.

Six RGR calculations are plotted on Fig 3. It
is evident that towards the end of the experi-
ment RGR at lower densities was both rising
and at a higher level than for the higher den-
sities. Much of the difference is due to low-
er starting dry weights (Table 1) and clearly
a longer time period would be desirable to
confirm the trends illustrated.

Table 4 summarises dry weight ratios within
treatments. The ratio largest/mean shows a
general tendency to increase with time and de~
nsity and the levels achieved are not dissimi-
lar to the single set of measurements for 1577.
When the ratio of largest to smallest is exam-
ined it is apparent that though competition is
clearly present, at no stage did the experi-
ment reach the extreme level achieved in the
previous year. The 99 day harvest sect of 4 in
a pot appears to belie the peneral trend, but
this may be an anomalous record.

Nodules formed between the second and third ha-
rvests, Atthe day 64 harvest all pots had some
nodules present on the roots. In the single-
ton nodules occurred at 3 cm into the pot whe-
reas in the others they tended to be closer to
the surface. There was no consistent pattern
of depth of nodulation with later harvests
however and average depth per pot ranged from 1
to 9 cm with a number just at the surface. No-
dules ranged in size from 1 to 5 mm and were
most numerous in the 4 plant pots at the day 85
and 99 harvests.
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TABLE 4  Acaciq saligna competition.
Ratios of dry weiéhts within treatments
No. per Harvest (days} 1977 set
pot 36 50 64 85 99 64
Largest in pot/mean per pot
1.3 1.1 1.2 1.2 1.1 1.7
3 1. 1.1 1.2 1.8 1.7 1.5
1.4 1.9 1.6 2.6 1.1 2.1
Largest/smallest

1.8 1.2 1.4 1.4 1.2 6.3
1.5 1.2 1.9 5.6 3.3 3.8
2.2 3.4 3.1 6.3 1.4 45.2

Waterlogging

Plants supplied with excess water gemerally had
higher fresh weights and dry weights than these
watered adequately (Table 2). Paired treatmen-
ts are plotted in Fig 4. This may be compared
directly with the competition results (Fig. 1).
Dry weight differences were consistent acraoss
the range of plant densities used. Surprising-
ly fresh weight/dry weight ratios for plants
receiving abundant water were generally lower
{except for the first harvest) than the contro-
1s., This trend was also evident when consider-
ing atl plants at a given harvest, though the
treatments were more even if the pots with one
plant are excluded »ia:

Harvest Overall Ratio

Excluding

Date 1 per pot
Excess Control Excess Control

36 10.2 9.1 10.2 8.7

71 3.9 9.5 9.1 9.4

92 7.1 7.9 7.7 7.7

It may be tentatively noted then that Aeaecia
saligna can take advantage of abundant water
and increase net growth more rapidly than with
what may be considered adequate moisture. This
is not inconsistent with examples of roadside
growth where the plants clearly benefit from
water-shedding.

By the time the experiment was terminated only
a few phyllodes had been produced. However at
the final harvest waterlogged plants had a to-
tal of 9 phyllodes compared with only three in
the control set; these were formed on 7 and 3
(out of ten) seedlings respectively.

Root nodules wére evident by the day 71 harve-
st. They were twice as abundant inm the pots
receiving excess water as they were in control
pots. The waterlogged pots tended to have lar-
ger individual nodules and also to have them
at shallower depths than in the control pots.

Mutrition

Plants which had no nitrogen in the potting
mixture put on less dry weight than those re-
ceiving nitrogen (Table 3). There was little
difference between treatments for the first
three harvests (Fig. 5) and dry weight differ-
ence levels did not reach significance (1 way
analysis of variance} for the first and third
harvests. However at the last (day 99) harve-
st differences were significant between zero N
and %, 1, 2 and 3X and also between % and 1X,
despite 1ittle difference in fresh weight bet-
ween these latter,

Nodulation was observed by day 64 and reached
greater development in the higher nitrogen
treatments.

Reference

1. Baker, K.F. {ed.) 1957, The U,C, System

for Producing Healthy Container-Grown Plants.
Manual 23, University of California Extension
Service.
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EXTRAFLORAL NECTARIES IN AUSTRALIAN PLANTS,
WITH SPECIAL REFERENCE TU deaciaz.

Byron Lamont

Taxonomic Distribution

Table 1 indicates that extrafloral nectaries in
sputh-western Australia are only well represen-
ted in the legumes {perhaps universal in the
highly speciated Zeaeia genus). Were more
sub-tropical genera in north-western Australia
(Capparis, Malvaceae, Fazsiflora, Clerodendriem)
to be examined then no doubt this list would be
extended considerably (Bentley, 1977). Syste-
matic studies of living plants (to verify exu-
dation) of other genera in Australia are still
lacking. These are unlikely to change the ini-
tial impression: unlike tropical floras, the
sclerophyli vegetation of Australia is defici-
ent in species with extrafloral nectaries.

Morphology

The extrafloral nectaries of the genera in
Table 1 can be conveniently divided into three
morphological types: ounken (e.g. Acacia
aneura, Plate 10), sassile (e.g. 4.iteaphylla,
Plute 1A, B) and wzipitate (e.g. A.pulchella,
Piate 1D). While stipitate nectaries appear to
be restricted to a few spiny members of the
series Pulehellae in Aecacia (Maslin, 18%75),
both sunken and sessile nectaries occcur in the
two Australian sections now recognized in this
genus (Pettigrew and Watsen, 1975). 1In all ge-
nera examined the gland is always achlorophyl-
lous, and capped by smooth secretory tissue
deveid of stomates (Plate 1). The secretory
tissue of Hardenbergia compiontana is unusual
in occupying much of the abaxial surfaces of
the stipules and stipels.

Function

Of all hypotheses propesed to explain the adap-
tive significance of extrafloral nectaries,
pratection from herbivores by ants attracted to
the nectaries is now receiving almost universal
support {Bemtley, 1977). The phenology of tweo
mulgas (terete merph) in relation to nectary
exudation and ant activity were therefore stu-
died over 12 months {Fig. 1). As already dem-
onstrated (Lamont, 1978), exudation was closely
associated with the presence of open inflores-
cences on the plants. Hence, visitation by
ants was greatest when exudation and anthesis
also reached their peak - though there is a
c¢lear indication of a time lag by the ants,
which is not mecessarily due to their lack of
activity on the ground,

Of greater significance however are the indica-
tions that a) exudation may be very low at
times when young leaves and flower buds are
abundant on the plant (early summer and winter),
and b) ants are present for only four months
{late summer, autumn) of the nine month period
for which protection would be required. In
contrast was dcacia tieaphylla nearby which
flowered in June-July, with no exudation or ant
visitation, and preduced abundant vegetative
growth in August-September with much exudation
by the young glands and visitation by crusader

Annual Report 2 Mulga Research Centre 1978.
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bugs, but not ants. On the other hand, exuda-
tion from the eophylls of young seedlings of
A.aneura has been observed by the author under
shadehouse conditions (though not of the same
order as the nectaries of Albizia lophantha
seedlings of the same age in the same pots).
Ants may be important then at the establishme-
nt stage in mulga, but not at the mature stage,
when the synchrony between exudation and vege-
tative growth is almost lost.

On grounds that a) the Australian ant fauna

is among the most diverse amd abundant in the
world (Taylor, 1972) (despite Bentley's (1977)
assertion to the contrary that it is in tropi-
cal Tegions), and b) "Australia is the worl-
d's .. prime and indisputable .. centre for
ant-dispersed plants' (Berg, 1975} - there ate
59 myrmechorous genera in the south-west region
alone, we would have expected far more species
with extrafloral nectaries and their associat-
jon with ants and protection from herbivores

to be more obvious. We must look to the incre-
asing aridity of the continent which gave rise
to an essentially sclerophyllous {xerophytic}
flora during Tertiary and Quaternary times as
an evolutionary explamation. While elalosomes
are a minimal water and nutrient drain on the
plant, extrafloral nectaries are potentially
the reverse - they are clearly a vestige of
tropical (mesophytic} ancestors. In support

of this, the species with greatest extrafloral
nectar productiocn in south-western Australia,
Albizia lophantha, is a vicariad of an essenti-
ally south-east Asian species ana restricted
here to moist forested valleys. Most taxa have
developed alternative, sap-conservative devices
for discouraging herbivory. including the novel
synthesis of poisonous monofluoroacctates in
some sclerophyllous legumes (Oliver et al 1877).

in contrast, the extrafloral nectaries of
Adenamthos (and South African Proteaceae e.g.
Leucospermun condifolium, Leucadendrown loawreo-
Twn) seem to be an advanced character - the
associated plants are very hairy and unpalata-
ble, they occur on the tips of rigid leaves

and are often positioned close to, and exuding
synchronously with, open flowers. Their assoc-
iation with bird and mammal pollinators, rather
than ant bodyguards, would seem more likely.
This possibility has already bheen raised with
respect to mulga (Lamont, 19278) and other scle-
rophyllous acacias (Ford and ford, 1976) though
the present author has only scen small butter-
flies and moths visit the specimens of mulga
charted in Fig. 1, whereas honeyeaters occasio-
nally visit specimens of Adenonthos cygnorum
nearby.
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TABLE 1  Examples of Western Australian species which bear extrafloral nectaries.

(observations by author)

Species Family Subtribe or

Location on Plant Type Visitors

Section
Acacia aneura Mimosaceae Heterophyllum* phyllede, adaxial, lower sunken ants
rachis
A. pentadenia Mimosaceae Heterophyllum* cpd leaf, adaxial, all sessile ?
nodes of rachis
A. pulchella Mimosaceae Heterophyllum* cpd leaf, tip of rachis stipitate ?
A. 1teaphylla Mimosaceae Uninervae* phyllode, adaxial, lower sessile ?
rachis
A. lasiocaly Mimosaceae Uninervae* phyllode, adaxial, petiole  sunken 7
sailigna Mimosaceae Uninervae* phyllode, adaxial, lower sessile ants
rachis
Adenanthos cygnorum Proteaceae Adenanthinae¢ some ¢pd leaves, tips of stipitate wasps
segments
Albizia Lophantha Mimosaceae - cpd leaf, adaxial, tip of sessile ants
rachis, also lower rachis
Cassia desolata Caesalpinia- - cpd leaf, adaxial, all sessile ?
ceae nodes of rachis
C. nemophila " - cpd leaf, adaxial, all sessile ?
nodes of rachis
Hardenbergia compto-  Fabaceae Phaseoleae cpd leaf, adaxial, stipules sessile ants
niana stipels
Stylidium breviscopum Stylidiaceae - simple leaf, tip stipitate ?
Pteridium esculentwn Dennstaedtiaceae - fronds, nodes of (lower) sessile ants

pinnae, adaxial

* After Pettigrew and Watson (1975].

¢ After Johnson and Briggs (1975},



PLATE 1

i7.

A - Scanning electron micrograph (SEM) of base of phyllode of Acacia iteaphylla.
The sessile extrafloral nectary is arrowed. Scale = 1 mm. B - SEM enlargement
of extrafloral nectary of A.iteaphylla. Scale = 100um. C - SEM of pore of
sunken extrafloral nectary (bracketed) of A.aneura (terete morph). Note the T-
shaped protective hairs on the ridges and in the pore and the bulbous glandular
hairs in the crevices. Scale = 1 mm. D - SEM of stipitate extrafloral nectary
(arrowed) of A.pulchella. Note raised stomates on stipe. Closest pinna has been
removed to show origin of nectary (apex of rachis). E - SEM of stipitate extra-
floral nectary of Ademanthos cygnorum. The lateral bright spot indicates a
vestigial nectary. F - micrograph of the abaxial surface of a pair of stipules
of Hardenbergia comptoniana. Three droplets of nectar exuding from the glandular
surface have been arrowed. Scale = 5 mm.
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VARIATION IN PHYLLODES WITHIN INDIVIDUALS
OF 4deacia aneura

J.E.D. Fox
Biology Department,
Western Australtian Institute of Technology.

Introduction

There is considerable variation in leaf (phyll-
ode; shape between individuals of Acacia aneu-
ra.< It way be anticipated that individual
plants will exhibit different phyllode sizes
between the seedling and adult stages. Attempts
at defining variation within the species as a
whole may rely on a knowledge of the extent of
differences within individual plants.

Foliage sampling within a crown at different
times is likely to give varied proportions of
leaf sizes. For example Maconochie notes that
A.angura gains foliage during periods of summ-
er rain and also after pgood winter rain with
temperatures rising.3 He observed peaks of fo-
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water stress prevailed. Heavy foliage loss ap-
pears to occur after heavy rain following a
long period of drought stress.”s6 Thus at any
given time an abundance of senescing phyllodes
or a comparatively high proportion of new ones
may be present. Differences in size may also
be related to flowering,

This account reports the extent of variation im
foliage between positions in the crown from
three individual trees at Mileura Station. The
samples were taken in early December 1976, at
which time only 62 mm of rain had fallen in the
preceeding 13 months.

Sampling Technique

Two trees were selected in the 'Trifid' study
area, Lat. 26° 15'§, Long. 1179 11'E and one at
Ejah 18 km to the south, at 26° 25'S, 117° 12'E.

A ladder was erected into the crown of each tree
and three branchlets were marked at three verti-
cal positions within the crown. The vertical

Jiage loss Auring late summer-early zutumn when positions were designated 'top', 'middle' and
6§ -
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Fig. 1 Phyllode Length at Different Crown Positions.

Three trees at Mileura Station, December 1876.
Solid lines join 'outer' samplee for each tree.
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'bottom’. The three equi-horizontal points at
each level were designated 'outer', 'central'
and 'inner' in relation to the bole {see inset
to Fig., 1).

All phyllodes on each designated branchlet were
stripped off and placed in numbered specimen
bottles for later measurement.

It must be emphasised that the three vertical
levels between specimen trees were different
and that phyllodes were stripped from individu-
al branchlets to constitute the separate sub-
samples. Collection was not therefore rtandom
as in a study reported by Pressland.4 1In the
collection of botanical specimens from trees
with foliage commencing at about head height
one would normally cut off a sample for press-
ing from the outer, bottom crown (position 7 of
Fig. 1). If however the plant is shorter and
the whole crown is within easy reach then the
outer, bottom position will rarely be sampled.
For short trees or bushy forms of mulga sampl-
ing would most frequently cover the outer, mi-
ddle or top of the crown (positions 4 and 1 of
Fig. 1).

Fach tree is discussed separately below. In the
laboratory the phyllodes for each sub-sample
were measured for length to the completed mill-
imetre {mm) and run through a planimeter {cour-
tesy of C,5.1.R.0.) for area to the completed
square millimetre (mm<).

Tree 1 Profile

This specimen is the tallest of the three at
8.3 m high. The vertical samples were taken at
5.4 m (top), 3.8 m (middle) and 2.5 m (bottom),
The tree is narrower in the crown than the oth-
er two, with a ¢rown diameter taken from north
to south of 5.3 m. It has one major stem at
1.3 m from the ground, with a stem diameter at
this height of 16.35 cm.

Leaf shape may be categorised as narrow, lance-
olate. The tree is growing in a favourable site,
transect line 5 in the "Trifid' study area {re-
ported on elsewhere). A number of tall Grevil-
Lea striata are found in the immediate vicinity
and the abundance of well formed muiga contras-
ts sharply with the stoney plains arpund the
"Trifidr.

A total of 157 phylledes were measured from
Tree 1. The following summarises the mean val-
ues for length and area at the nine sampled po-
sitions and for those grouped vertically and
horizontally as illustrated in Fig. 1.

It may be noted (see also Fig. 1) that the leve-
ls show no consistency in trend across the tree
profile apart from a decline in mean size from
the top downwards. Fig. 2 givesa graphical pre-
sentation of the phyllode profile for Tree 1.

Emin tested position values for significant di-
fferences using the Kruscal-Wallis analysis of
ranked differences between medians.* This gave
the following results for phyllode lengths:

bottom samples: the outer set significantly
greater than central and inner sets.

central samples: the top set significantly
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PROFILE
TEEF 1
_n= 21 24 23 top 68
X length |66.5 mm 77.7 61 68.6
¥ area [81.6 mm? 85.3 83.4 83.6
position
10 12 15 middle 37
73 69.8 59.7 66.6
84.3 81.9 69.2 77 .4
13 24 15 bottom 52
39.9 41.8 50.5 43.8
37.9 50.1 54.1 48.2

linner 44|central 60{outer 53| TREE 157
60.1 61.7 57.7 59.9
69.3 70.6 71.1 70.4

greater than the middle, the middle set
significantly greater than the bottom.

inner samples: the middle set significantly
greater than the top, the top significantly
greater than the bottom.

Other positions showed no significant differen
ces. Similar tests for leaf area suggested that
the bottom set showed no significant differen-

ces, the central set was similar to the pattem
for length and:

outer samples top > middle > bottom, all
significantly different.

inner samples (top = middle) > bottom.

A sample collection taken from position 4 (out-
er, middle) would have correlated well with the
overall tree profile while one from position 7
would have underestimated the overall mean size.
In Fig. 2a position 4 falls at the centre, with
pesition 7 displaced to the lower left. The gr-
eatest range in phyllede length (75 mm) was at
position 1 (outer, top) from 28-103 mm. The sm-
allest length range was at position 4 (39 mm)
{outer, middle) from 38-77 mm. Range in phyll-
ode area was greatest at position 6, from 20-
144 mm2 and smallest at position 1, from 51-126
mm“. Extreme values for leaf area at each cro-
wn position are shown in Fig. Z2a.

Linear regressions were calculated as follows:

Whole tree Area =-10.57 +1.35 length, T = .918
Position 4 Area =-37.32 +1.78 length, r = .965
Position 7 Area =-62.12 +2.30 length, r = .983

n

As anticipated above the regression for positi-
on 4 underestimated the leaf area (70.4 mmz]
corresponding to mean phyllode length (59.% mm)
by only 1.6%. The regression for position 7 umn-
derestimated mean leaf area by 7.5%. The balance
of Fig. 2 consists of histograms illustrating
leaf size distributions for top, middle, bottom,
outer, central and imner positions. Only the
shapes of these histograms should be compared
as each set is adjusted to a total frequency of
100.
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Tree 2 Profile

This tree is a little shorter than Tree 1 at
6.6 m. Vertical samples were taken at 4.5 m
(top), 3.5 m {middle) and 1.7 m (bottom). The
crown is larger than Tree 1, at 6.1 m across
and there are two main stems at 1.3 m from the
ground with diameters of 13.6 and 11.3 cm.

Leaf shape may be categorised as narrow, broad-
er (broader than that of Tree 1). Tree 2 is

19 m away and down the gradient from Tree 1.

A total of 146 phyllodes were measured from
Tree 2. The following summarises the mean va-
lues for length and area at the nine sampled
positions and for those grouped vertically and
horizontally:

PROFILE
TREE 2
n = 13 21 16 top 50
X length 57 65.7 58.6 61.2
y area 125.3 138.8 122.7 130.1
position
30 17 12 middle 59
58.2 55.3 60.1 57.8
119.6 85.3 104.4 106.46
10 16 11 botiom 37
74 77.5 82 77.9
213.8 198.7 242.5 215.8
linner 53|central 54 |outer 39| TREE 146
60.9 65.9 65.7 64
138.8 139.7 150.9 142.3

In this tree the bottom set is clearly larger
than the top and middle sets with position 2
{central, top) mest closely approaching the ov-
erall mean (Fig. 3a).

Tests of position differences using the Kruscal-
Wallis analysis (gq.v} gave the following results
for phyllode lengths:

outer samples: bottom set significantly
greater than top and middle sets.

central samples: bottom set significantly
greater than the top and the top signifi-
cantly greater than the middle set.

inner samples: as for cuter set.

Other positions showed no significant differen-
ces and similar tests for leaf area showed that
for outer central and inner samples the bottom
sets were significantly greater than the top
sets which, in turn, were significantly greater
than the middle sets.

A sample taken from position 4 would have under-
estimated length and prossly underestimated
area, while one from position 7 would have over-
estimated the overall mean size (Fig. 3a). The
greatest range in phyllode length was 58 mm for
position 8 (central, bottoem) from 47-105 mm.
Pasition 2 had the smallest range in length from
50-84 mm. Greatest area range was at position

7, from 95-343 mmz, while the smallest area
range, of 38-161 mm® was at position 5. Extreme
values for leaf area at each crown position are
shown in Fig. 3a.

Linear regressions were calculated as follows:

Whole tree Area =-115.16+4.02length, r = ,905
.B85
.5954

Position 4 Area =- 94,7 +3.31 length, T =
Position 7 Area =-244,06+5.93 length, r =

The latter two underestimate leaf area (142.3
mm?) of the mean leaf length (64 mm) by 18 and
13% respectively.

Tree 3 Profile

This specimen is the shortest of the three exam-
ined. It is 4.2 m tall and samples were taken
at 3.1 m (top) 2.5 m (middle) and 1.5 m (bottom).
Tree 3 has the largest crown diameter of the 3
individuals sampled at 7.1 m. There are 4 major
stems at 1.3 m from the ground and these have
stem diameters of 13.5, 12,7, 10.5 and 9.5 cm.
This bulk of bole-wood suggests that Tree 3 is
the oldest of the three sampled despite its
shorter height.

Leaf shape for Tree 3 is terete. The tree is
growing on a site less favourable than the other
two. Distance between neighbouring trees is
greater than in transect line 5 in the 'Trifid’
area, and the specimen tree is one of the tallest
in the general area. It is just east of the
Ejah breakaway and north of the C.S.I.R.0. field
station.

The number of phyllodes measured was 207. Mean
values are shown here:
PROFILE
TREE 3
. mn= 17 22 22 top 61
X length| 36.1 31.8 37.4 35
y area 31.5 33.2 32.7 32.5
position
19 36 19 middle 74
50.1 40 49.3 45
46.3 32.8 47 39.9
24 29 19 bottom 72
43.8 50.6 39.6 45.4
44.6 54.6 31.2 45.1
inner 60|central 87|outer 60{TREE 207
43.6 41.5 41.9 42,2
41.4 40.2 36.7 39.5

Overall means are lower than for Trees 1 and 2
with largest leaves tending to be concentrated
in the middle and inner central part of the cro-
wn. Tests of position differences using the
Kruscal-Wallis analysis {g.v.) showed many more
significant differences than for Trees 1 and 2
with only the top set reascnably homogeneous:
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Fig. 2 Phyllede Profile, Tree No. 1

a - summary for whole tree - numbers refer to
crown positions as in Fig. 1; diagonal line is
regression

Area = -10.57 + 1.35 length;

bars refer to standard deviation of mean
(dotted, inner) and extreme values recorded
(solid, outer); irregular dashed line joins
extreme values for leaf area at each crown
position number.

t, my, b, 0o, ¢, i are phyllede length
percentage histograms for top, middle,
bottom, outer, central and inner phyllodes
respectively, as in Fig. 1.
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Fig. 3 Phyllode Profile, Tree

No. 2

a - summary for whole tree -
numbers refer to crown
positions as in Fig. 1;
line is regression
Area = -115.16 + 4.02 length;
bars refer to standard deviatiom
of mean (dotted, inner) and
extreme values recorded (solid
outer); irregular dashed line 4
joins extreme values for leaf
area at each crown position
number. 4
t, m, b, o, ¢, i are phyllode
length percentage histograms
for top, middle, bottom, outer, ¥
central and inner phyllodes
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Fig. 4 Phyllode Profile, Tree

No. 3

a - summary for whole tree -
numbers refer to crown positions
as in Fig. 1; diagonal line is
regression

Area = -12.72 + 1.24  length;
bars refer to standard deviation
of mean (dotted, inner} and
extreme values recorded (solid,
outer); irregular dashed line
joins extreme values for leaf
area at each crown positiocn
number.

t, m, b, ¢, ¢, i are phyllode
length percentage histograms for
top, middle, bottom, outer,
central and inner phyllodes
respectively, as in Fig. 1.
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middle samples (outer = inner) > central

bottom samples central > inner > outer

outer samples middle > (top = bottom)

central samples bottom > middle > top

inner samples {middle = bottom) > top
Exactly the same pattern resulted with tests on
leaf area.

A sample taken from position 4 weuld have aver-
estimated size while a sample from position 7
would have underestimated size, Perhaps the
closest te the mean was position 9 (inner, bot-
tom), not one that would be commonly selected
(Fig. 4a).

Despite smaller average phyllode length the
ranges in length at different canopy positions
were greater on the whole than these for Tree 2
and for several positions in Tree 1. This how-
ever was more a function of the numbers of com-
paratively short phylledes on Tree 3. Range in
both length and area was greatest at position 8
(central, bottom) from 18-96 mm and 17-125 mm
respectively, Position 3 had the shortest len-
gth range 17-49 mm, and the smallest area range
at 14-52 mm2. Extreme values for leaf area at
each canopy position are shown in Fig. 4a.

Linear regressions were calculated as follows:

Whole tree Area =-12.72 + 1.24 length; r = .911
Position 4 Area =-19.87 + 1,36 length; r = .955
Position 7 Area =-34.88 + 1.67 length; v = .798

The regressiens for 4 and 7 underpredict the
leaf area corresponding to the mean leaf length
of 42,2 mm by 2,08 and 3.41 mm? respectively.

Anatomical Features

Drawings based on sections taken through the
mid-points of typical phylledes are illustrated
in Figs. 5 and 6. Position 1 of Tree 1 is ill-
ustrated in Fig. 5a, b {outer, top). The flat-
tened lateral shape is illustrated well and it
can be seen that 26 vascular bundles occur in
this section. The palisade layer and the pith
are both 0.3 mm across. Guard cells occur in
the outer epidermis with a resinous layer con-
taining trichomes peripheral to them. The
stomate illustrated is recessed into the pali-
sade tissue. .

The number of vascular bundles observed in spe-
cimen phyllodes from all 9 sampling positions
of Tree 1 varied from 17 (position 7, outer,
bottom) to 29 (position 5, central, middle)
with a mean of 24. Position 5 is illustrated
in Fig. 5c, d. In addition to more vascular
bundles this specimen had a deeper palisade la-
yer (0.4 mm) than all other positions examined
for Tree 1. Its cuter epidermis is more convo-
luted than that for position 1, and its general
tissue arrangement was repeated in specimens
from positions 6, 7, 8 and 9 [except that these
had a palisade layer of only 0.2 mm). All oth-
er positions showed overall structure more sim-
ilar to that of pesition 1 (i.e. Fig. 5a).

25.
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Fig. 5e, f illustrate position 1 of Tree 2.
Phylls are much broader than in Tree 1 with
this illustration showing one > 3 mm across.
39 vascular bundles occurred here compared
with a range in Tree 2 from 26 (position 4} to
43 (positions 6 and 9). The palisade at posi-
tion 1 was slightly deeper than for the other
8 position samples:0.3 mm compared with 0.2,
with the pith 0.2 mm. Pith was generally much
shallower in Tree 2 than Tree 1 with most sam-
ples 0.1 mm deep (only position 1, 0.2 mm; and
position 8, 0.3 mm being deeper].

The phyllode illustrated in Fig. 6a, b is from
position 3 of Tree 2. This sample though not
as broad as shown in Fig. 5e, had more vascu-
lar bundles and these are smaller and narrower.
Phylls from other positions resembled one or
other of Fig. 5e or 6a though the sample from
position 5 had a more contorted cuticle and
epidermis not dissimilar te that illustrated in
Fig. 5c.

Terete phyllodes from Tree 3 are illustrated in
Fig. 6 (c-h). Most sections were similar to
that of position 3 (Fig. 6c, d) with 16-18 vas-
cular bundles and a palisade layer 0.2 to 0.5
mm deep, with an inner pith of 0.7 to I mm.

The sample taken from position 4 {(outer middle)
had many more (27) vascular bundles and a deep-
er pith than most specimens with a distinctly
flattened shape. The upper main vascular bund-
le shown as prominent in Fig. 6e alsc occurred
in samples from positions 5 and 6.

Finally Fig. 6g, h illustrates a specimen from
Tree 3, position 1 (outer, top) collected in
July 1977 eight months after all phyllodes had
been stripped from the particular branchlet on
which it grew. It therefore represents a
'young' phyllode of + 8 months of age. The
main distinguishing features from the older ph-
yllodes illustrated are the comparatively small
proportion of pith and the elongated bundles.

Conclusions

Foliage of the three mulga trees discussed and
emumerated here clearly differs between trees.
Differences within a tree are not considered to
be such as to unduly distort classification by
sampling providing samples are taken consistent-
ly in a representative manner. In summary it
may be noted that:

a) Tree 1 Leaf length has a range of 88 mm
with the smallest 15 mm and the largest 103 mm.
Similarly leaf area has a range of 144 (11-155
The longest phyllodes occurred at posi-
tions 1, 2, 3, 5, and 6; while the shortest
were found at positioms 7, 8 and 9. Of the 10
length classes into which the samples fell 15%
were less than 40 mm; 66% were more than 50 mm
and 68% were between 40 and 79 mm in length.

b) Tree 2 Leaf length 25-114 (89} mm; area
161-343 (182) mmZ. Longest at positiens 7, 8,
9; shortest at positions 3, 5, 6, 10 length
¢lasses. B82% > 50 mm; 7% < 40 mm and 68% 50-
79 mm.

¢} Tree 3 Leaf length 14-96 (82) mm; area
6-125 (119) mmZ, Longest at positions 8 and 9,
though some of the shortest phylls also found



Fig. 5 Anatomical Features
Phyllode Sections, Tree 1
Mileura Station.

a, b Position 1, outer top
¢, d Position 5, central middle

Tree 2

e, f Position 1, outer top.

{Drawn by S. Downes)
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at these positions. 9 length classes. 27% »
50 mm; 46% < 40 mm and 70% 30-59 mm.

By comparison it is noted that Pressland's sam-
pie of 1200 random leaves from a number of
trees were considerably larger in area than the
510 leaves taken from three trees at Mileura:

Area Pressland4 Mileura
mm 2 % %
< 195 19,9 94.1
196-293 47.5 5.3
294-301 4.1 0.6
392-489 6.3 -
490-587 1.9 -
> B87 0.3 -
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PLATE | Variation in phyllodes within
individuals of Acacia aneura. Whole tree
and close-up of foliage.

a, b Tree 1 c, d Tree 2 e, £ Tree 3






THE POSSIBLE PROTECTIVE FUNCTION OF EXTRAFLORAL
NECTARIES OF Acacia saligna

J.D. Majer
Introduction

It is well documented that extrafloral nectari-
es are common and taxenomically widespread in
the plant kingdom. These nectaries are frequ-
ently assoclated with attendance by insects,
the ants in particular. There are two schools
of thought regarding the roles of extrafloral
nectaries., The 'exploitationist® schoel belie-
ves that the glands primarily serve some physi-
ological function, such as removal of surplus
carbohydrates, salts or water, and that ant
attendance is incidental, conferring nc benefit
on the plant.? The 'protectionists' claim that
these nectaries form the basis of a mutualistic
relationship, with the ant obtaining mutrition
or water from the glands while at the same time
protecting the plant from herbiveres.l The
consideration of herbivores has generally been
divected towards invertebrates although Brownt
suggests that browsing mammals could also be
repelled by aggressive ants. He draws support
for this hypothesis from the fact that, atypi-
cally for this genus, extrafloral nectaries and
other myrmecophytic structures are uncommon
amongst Australian Aececie species where there
is a paucity of browsing mammals. Elsewhere,
the frequently ant attractive Acacia species
arc found along with potential mammalian herbi-
vores.

A further suggestion for the role of extraflor-
al nectarics is made by Ford and Forde> for the
Australian Aegeiaq pycnantha. Here nectaries on
the base of petioles, only active at the time
of flowering, may attract bird pollinators.

Bentlcy? states that for the protectionists’
hypothesis to hold, ants must be present on the
plant and be aggressive towards, and potential
predators of, potential herbivores. The plant
must also be vulnerable, and subject, to herbi-
vore attack. For efficient operation of the
relationship, nectar flow should vary directly
with herbivore activities.

This paper rveports some preliminary observatio-
ns and experiments designed to investigate the
protectionists' hypothesis using Acacia salig-
ng as an example.

The endemic Western Australian wattle, A.salig-
na (serices Uninerves-Racemosae) is conspicuous
for its actively secreting glands. It general-
ly occurs west of a line comnecting Murchison
River, around Ajana, to Mount Ragged, 150 kilo-
metres north-east of Esperance.’/ It grows as a
dense shrub or tree, normally ranging from 2 to
6 metres in height. Solitary glands are situa-
ted on the upper margin of the linear or lance-
olate phyllodes, at or near the distal end of
the pulvillus. Glands are oblong to circular
ranging from 1 to Z centimetres in diameter.
This species flowers between August and October
and mature seeds are produced between November
and January.?
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Methods

Investigations were performed at two sites:
Yalgorup National Park south of Mandurah (115°
22'E 320 40'S) where 4.saligng occurs extensi-
vely along roadsides, and Manning, Perth (115°
S2'E 329 01'S) where scattered plants grow on
vacant land.

Forty A.saligna plants were tagged and number-
ed along roadsides at Yalgorup in March 1877.
One branch of each plant was selected for deta-
iled observation and the distal 20 phyllodes
were marked with a small dot of white acrylic
paint. Plants were examined at approximately
monthly intervals between March 1977 and Febr-
uary 1978. Notebook records of herbivore abu-
ndance and mew phyllode damage were made. The
ants on each labelled branch were collected

for later identification and counting. The
glands on the 20 marked phyllodes of each plant
were inspected and scored for presence or abse-
nce of fluid, Each shoot was then assigned the
following score: 0, no glands secreting; 1, 1
to 5 glands secreting; 2, more than 6 glands
secreting. An index of gland activity was ob-
tained by taking the mean score for all 40
trees.

In September 1977 20 plants in the Manning plot
were selected for investigation. They had Tec-
ently flowered but had not yet set seed. Plants
were paired on the basis of size and proximity
and designated experimental or control trees.
The height of each plant was measured as was
the crown diameter along the north-south axis.
On 13 September 1977 a (.87 square metre column
of each plant canopy was sampled for inverte-
brates using a beating tray and by hand collec-
ting. Sampling was always performed on the
north side of the canopy. Invertebrates were
transferred into vials of 70 percent alcohol and
returned to the laboratory for counting and id-
entification to species level in the case of
ants and, where possible, family level for other
taxa. On 16 September 1977 the ants of the ex-
perimental plants were excluded by handing tEs
stem at the 15 centimetre level with Stickem(R
and by removing the vegetation which formed
bridges between the plant and ground or adjacent
vegetation. The control and experimental plan-
ts were resampled for invertebrates, by the ori-
ginal method, 4, 11, 25, 39 and 53 days after
the ant exclusion operation. Canopy diameter and
plant height were re-measured after the final
sampling date.

Results
Gland activity

Glands of the Yalgorup plants were extremely
active in autumm at the beginning of the obser-
vation period {Fig. 1). Activity decreased con-
siderably during winter and rose in the follow-
ing spring. Gland activity appeared to drop in
the summer although this may well have been due
to rapid evaporation of the fluid.

Published March 31st 1879.
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Variation in gland activity index for 40 plants observed at Yalgorup between

March 1977 and February 1978. The February 1978 reading is unavailable.

It should be noted that as the marked leaves
matured, the more recently extended leaves had
higher gland activity rates.

Herbivores on A.saligna

Table 1 shows the invertebrates obtained from
the 10 Manning control plants over the 6 succe-
ssive samplings, They are ranked on the basis
of total sampled and of frequency out of 60
samples; ants are not included in this Table.
Of the 112 non-ant species sampled, 69 were
herbivores. Virtually all of the most abundant
and frequently occurring species were herbivor-
es, namely sap-sucking Hemiptera and leaf feed-
ing Coleoptera. Most herbivores were species
associated with leaves and stems. The predato-
rs largely comprised of Araneae, reduviid bugs
and coccinellid beetles. A number of parasitic
or predatory wasps and flies were also present.

The herbivore records gathered from Yalgorup
indicate that the main period of herbivore act-
ivity in A.saligna is spring when growth is
greatest, followed by a smaller peak in autumn.
The Manning samples were taken during the peak
herbivore period.

Ants on A, saligna

Table 2 shows the species of ants which have
been noted on 4.saligne at Yalgorup and at Man-
ning. Specific names are given where possible,
otherwise codes used in the W.A.1.T. collection
are used. Members of all five commen sub fami-
lies forage on this species of plant.

The totals and frequencies of ants collected by
beating the 10 Manning contreol trees over 6 su-
ccessive samples are given in Table 3. Some

relevant points are apparent from the Table.
Two species of ants, Iridomyrmex sp. J.D.M. 384
and Dicerateclinea sp.J.D.M. 211, were more nu-
merous oh A.saligna than was any other inverte-
brate and the former was also the most frequen-
tly sampled species of invertebrate (cf. Table
I). It is also noteworthy that the most numer-
ous ants on this plant are all members of the
Dolichoderinae and are probably all omnivorous.
With the possible exception of Camponotus (Col-
obopais) sp. J.D.M. 417, all of the ants listed
in Table 3 nest in the ground or in dead wood
lying on the ground.

Fig. 2 shows the mean number of ants per shoot
for the repeated observations made at Yalgorup.
The times of cccurrence of each species and
their mean number per shoot over the entire ob-
servation period are also given. The data re-
affirms the prominence of Iridomyrmex spp. and
Diceratoclinea sp. J.D.M, 211 as foragers on 4.
saligna. Three genera which were not found on
the Manning plants are represented by the spec-
ies {rematogaster sp. J.D.M. 33, Monomoriwm sp.
J.Db.M, 39 and Prolasius sp. J.D.M. 441. The fir-
st mentioned species nests in woody cavities of
plants such as 4.saligna® and is probably asso-
ciated with some of the larger, more woody pla-
nts at Yalgorup.

The overall ant foraging pattern on Yalgorup
plants was high in summer, decreasing in autumn
to a winter trough followed by a subsequent in-
crease in the following spring. It is tempting
to relate this trend to gland activity since,
if the probably unreliable late spring and sum-
mer gland activity index values are excluded,
ant activity closely followed gland activity
{Figs. 1 and 2}. The relationship of glands and
ants may not be causal however since ant forag-
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TABLE 1  Species sampled by beating foliage of 10 Manning control trees
over 6 successive samples showing their totals, frequency out
af 60 samples, and varilous aspects of their biology.
Code Class Order Sﬂ;ﬂiéim?iy Winged Adult %ﬂ?:’ Fﬁ:ﬁitﬁ Total Frequency
Ala Insecta Hemiptera Coreidae + + H 50 24
445 " Lepidoptera  indet. - + H 37 18
A6 " Coleoptera Curculionidae + + H 34 18
AdG Arachnida Araneae Salticidae - + P 32 17
Ad4 Insecta Celeoptera indet. - + H 29 14
B5 " Hemiptera Psyllidae - + H 25 16
Ad " Lepidoptera  indet. - + H 24 15
Al2 " Hemiptera Psyllidae - + H 23 15
Al9 " Hemiptera Psyllidae + + H 20 16
Ad8 " Coleoptera Chrysomel idae + + H 20 13
A23 " Diptera Sciaridae + + H 18 8
A43 " Hemiptera Cicadellidae + + H 17 16
B43 " Lepidoptera  indet. - + H 17 10
C1 " Coleoptera Belidae + + H 16 9
B33 " Coleoptera Curculionidae + + H 15 8
B22 " Hymenoptera  Platygasteridae + +* P 15 6
A22 " Hemiptera Derbidae - + H i5 6
A42 " Hemiptera Coreidae - + H 13 8
A27 Arachnida Araneae Clubionidae - + P 12 11
Az4 Insecta Coleoptera Coccinellidae + + P 12 9
AlS Arachnida Araneae Clubionidae - + P 9 8
A26 Insecta Colecoptera Chrysomelidae + + H 8 7
€az " Hemiptera Coreidae - + H 8 6
All " Coleoptera Cerambycidae + + H 8 6
BAD " Coleoptera indet. - + H 8 4
A8 " Hemiptera Membracidae - + H 7 7
B8 " Lepidoptera  indet. - + H 7 6
B19 " Coleoptera Bruchidae + + H 7 4
B32 " Hemiptera Nogonidae + + H 5 5
BiQ " Orthoptera Gryllacrididae + * H 5 5
Al3 " Lepidoptera  indet. - + H 5 5
B30 " Lepidoptera  indet. - + H 5 4
A39 Arachnida Araneae indet. - + P 4 4
B6 Insecta Lepidoptera Tineoidea + + H 4 4
B45 " Coleoptera Coccinellidae + + p . 4 3
C5 Arachnida Acarina indet . - + p 4 1
AlQ " Araneae Araneidae - + P 3 3
A33 Insecta Blattodea Blattidae - + D 3 3
C39 " Neuroptera indet. - + P 3 3
B34 " Coleoptera Cleridae + + P 3 3
B29 " Coleoptera indet. - + H 3 3
B13 " Lepidoptera  indet. - + H 3 3
B47 Arachnida Araneae Clubiconidae - + p 3 2
B31 Insecta Coleoptera Sarabaeidae + + H 3 2
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Code Class Order Ssglgiigmg{y Winged  Adult :T:Z_ Fﬁzgﬁlﬁ Total Frequency
Cé Insecta Lepidoptera  indet. - + H 3 2
A3l " Orthoptera Acrididae - + H 2 2
A37 " Orthoptera Acrididae - + H 2 2
Al8 " Mantodea Mantidae - + P 2 2
C23 " Hemiptexra Cicadellidae - + H 2 2
C33 " Hemiptera Piesmidae + + H 2 2
A2l " Neuroptera indet, - + P 2 2
BS " Coleoptera Carabidae + + H 2 .
B24 " Coleoptera Coccinellidae + + H 2 2
B44 " Coleoptera Chrysomelidae + * 2 2
Ci1 " Coleaptera Scarabaeidae + + 2 P
Cl9 " Coleoptera Chrysomelidae + + H 2 2
€48 " Coleoptera Scarabaeidae + + H 2 2
A30 " Diptera Ephydridae + + H 2 pA
A7 " Coleoptera indet. - + H 2 1
AY Arachnida Araneae Oxyopidae - + P 1 1
AdQ " Araneae Clubiomnidae - + P 1 1
A50 " Araneae Salticidae - + P 1 1
B12 " Araneae Theridiidae - + P 1 1
B18 " Araneae Salticidae - + P 1 1
B36 " Araneae Thomisidae - + P 1 L
C3 " Araneae Araneidae - + P 1 1
Cl0 " Araneae Araneidae? - + P 1 1
C47 " Araneae Thomisidae - + P 1 1
D13 " Araneae Salticidae - + P 1 1
B7 Collembola Cellembola Entomobryidae - + I 1 1
Cl16 " Colliembola Entomobryidae - + D 1 1
B41 " Collembola Sminthuridae - + H 1 1
A35 insecta Blattodea Blattidae - + D 1 1
A36 " Blattodea Blattidae - + D 1 1
14 " Blattodea Blattidae - + D 1 1
B35 " Orthoptera Acrididae + + H 1 1
clz " Psocoptera Peripscocidae + + H 1 1
€49 " Psocoptera indet. - + H 1 1
B3 " Hem.iptera Pentatomidae + * H 1 1
Bi4 " Hemiptera Margarodidae - + H 1 1
B26 " Hemiptera Psyllidae + + H L 1
C20 " Hemiptera Aphididae + + 2! 1 1
C30 " Hemiptera Lygaeidae + + H L 1
C34 " Hemiptera Reduviidae + + P 1 1
C35 " Hemiptera Membracidae + + H 1 1
€50 " Hemiptera Delphacidae + + H 1 1
B42 " Neuroptera Hemercbiidae - + P 1 1
Al " Coleoptera Chrysomelidae + + H 1 1
AS " Coleoptera indet. - + H 1 1
AZ8 " Coleoptera indet. - + H 1 i
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Code Class Order Ssggiéimi){y Winged Adult iﬂ?:_ Fﬁiﬁg% Total Frequency
B30 Insecta Coleoptera Carabidae + P 1 1
c17 " Coleoptera Scarabaeidae + H 1 1
C36 " Coleoptera Chrysomelidae + H 1 1
Bl " Diptera Culicidae + P 1 1
B4 " Diptera Drosophiiidae + H i 1
B49 " Diptera Drosophilidae + H 1 1
B38 ' Diptera Chironomidae + P 1 1
B13 " Diptera Sciomyzidae + P 1 1
Cl8 " Diptera Cecidomyiidae + Hor D 1 1
c21 " Diptera Chironomidae + P 1 1
45 " Diptera Drosophilidae + H 1 1
A3 " Lepidoptera  indet. + H 1 1
Al6 " Lepidoptera  indet. + H 1 1
A32 ' Lepidoptera  indet. + H 1 1
B37 " Lepidoptera  indet. + H 1 1
B48 " Lepidoptera  indet. + H 1 1
D7 " Lepidoptera  indet. + H 1 1
A25 " Hymenoptera  Scelionidae + P 1 1
€43 " Hymenoptera  Scelionidae + P 1 1
B46 » Hymenoptera  Encyrtidae + P 1 1
C31 " Hymenoptera  Cynipidae + P 1 1
€32 " Hymenoptera  Scelionidae + P 1 1
* H, herbiveres; P, predators or parasites; D, decompesition assactated species.
TABLE 2 Checklist of ant species found on A4.saligna plants
at Yalgorup Naticnal Park or at the Manning plot.
Myrmeciinae Melophorini
Myrmeciini Melophorus sp. J.D.M. 52
Myrmecia sp. J.D.M. 1 Prolasius sp. J.D.M. 441
Myrmeciaq chasei
Delichoderinae
Ponerinae Dolichoderini
Ectatommini Dicergtoclinea sp. J.D.M. 211
Rhytidoponera viclacea Tapinomini
Myrmicinae Tridomyrmes glaber
Crematogastrini I. sp. J.ILM. 9
Crematogaster sp. J.D.M. 33 I. sp. J.D.M. 22
. I. sp. J.D.M. 200
Metaponinl 7. sp. J.b.M, 217
Movomoriwm sp. J.D.M. 39 I. sp. J.D.M. 354
I. sp. J.D.M. 384
Formicinae

Campeonotini

Camponotus sp. J.D.M. 27

¢. sp. J.D.M. 199

C. (Colobopsis) sp. J.D.M, 417
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Totals and frequencies of ants collected by treating the
10 Manning control trees over 6 successive samples.

Total Frequency
Iridomyrmex sp. J.D.M. 384 279 32
Diceratoclinea sp. J.D.M. 211 89 11
Iridomyrmex sp. J.D.M, 22 39 17
Iridomyrmex sp. J.D.M. 9 32 6
Ividomyrmex glaber 6 4
Myrmgeia sp. J.D.M. 1 4 3
Myrmecia chaset 3 3
Camponotus (Colobopsis) sp. J.D.M. 417 2 2
Rhytidoponera inornata 2 1
4
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Fig. 2 Mean number of ants per labelled shoot for 40 plants observed at Yalgorup

between March 1577 and February 1978,

The times of occurrence of individual species

and their mean number per shoot over the total observation period are also shown.



ing on plants closely fellowed the seasonal

trend of ground foraging observed at the nearby
localities of Perth (Reabold Hill) and Dwellin-
gup (Majer, unpublished data). The relationsh-
ip between ant attendance levels and gland act-
ivity rates merits more detailed investigation.

Ant exelusion experiment

The banding of plants is likely to interfere
with the traffic of wingless invertebrates onto
the plant. Analysis of results is therefore
basically confined to winged species in order
to avoid this confounding factor. Invertebrate
data are bulked since ants are not gemerally
likely to distinguish between, say, herbivores
and predators when disturbing or attacking ani-
mals.

MLAN NO. OF SPECTES/TREE
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Fig, 3 shows the mean and standard deviations
of total number of winged species and winged
individuals on the control and experimental
trees for the one pre- znd 5 post-ant exclusion
samples. The high values for the pre-exclusion
samples indicate that beating of plants has
subsequently depleted the fauna. This is un-
likely to bias the data since control and expe-
rimental trees were equally affected,

Initially, contrel group trees supported a
greater number of individuals and species

of invertebrates than did the experimental trees
(Fig. 3). The difference was less in the first
post-exclusion sample and reversed in subseque-
nt samples. The only exception was the pemnul-
timate sample in which species richness was hi-
gher on control plants. The number of species
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Fig. 3

Mean number of winged insect species (a) and individuals (b) per tree

for the Manning control (e) and experimental (x) plants for the pre-ant exclusion

and 5 post-ant exclusion samples.

The bars represent standard deviations.
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and individuals on control and experimental
plants were compared for each sample date using
Wilcoxon's Signed Ranks test. In view of the
high variance exhibited by the data, only spec-
ies richness values for the second and fifth
post-exclusion sample were significantly diffe-
rent (p < 0.1).

It was only possible to compare a few individu-
al species on the two plants groups in view of
their low numbers and frequencies. The winged
Cicadellidae (A43), Psyllidae (A19) and Ceram-
bycidae (All} and the larvae of one Psyllidae
(A12), and two Lepidoptera (A4 & Al3), were all
significantly more numercus on the ant excluded
trees when data for the 5 post-exclusion sampl-
es were bulked {p = 0.1, using Wilcoxen's Sign-
ed Ranks test).

The mean and standard deviation of plant height
and canopy area before and at the end of the
exclusion experiment are shown for both groups
of plants in Table 4. There was a considerable
variance in the data due in part to the insens-
itivity of the method of measurement so no dif-
ferences were significant. The data do suggest,
however, that plants on which ants were excluded
grew less in height during the study period and
actually suffered some contraction of canopy
diameter; presumably due to leaf damage. The
changes in height and diameter of the two plant
groups are consistent with the data on inverte-
brates, namely the more herbivores on the plant,
the less growth there is.

Discussion

A. saligna presents a situation where the prote-
ctionists' hypothesis might apply. It supports

a diverse and abundant range of herbivores
which cause damage to the plant, aggressive
ants are present and the spatial and temporal
patterns of gland activity are apprepriate for
maximising any protective effect of ants. These
points are now discussed in greater detail.

The range of herbivores on A.saligna is more
diverse and abundant than that found on

other Acacia species observed by the author in
the south-west of Western Australia. While
complying with the conditions of the hypothesis,
this suggests that ants are poor or ineffective
agents for reducing herbivory. It should be
noted, however, that A.saligra is often found
in highly disturbed areas, as were the two stu-
dy sites, so herbivore levels may here be abno-
rmally high due to clearing or some other envi-
ronmental disturbance. Even if herbivores were
this abundant on A4.saligna in its natural envi-
ronment, there would still be advantage in the
plant possessing devices which allow ants to

reduce herbivore levels by even a minor extent.

This species is certainly attended by a suffic-
jent density of ants to have an impact on the
herbivore fauna. The range of ant species on
A.saligna (8 and 9 species at Yalgorup and Man-
ning respectively)} suggests that it is only
attractive to certain species since both areas
would be inhabited by at least 50 ant species
(Majer, unpublished data}. Some of the species
present on the plant are aggressive (e.g. Myr-
mectia spp. and Rhytidoponera inornata) and oth-
ers are omnivorous (e.g. Iridomyrmex spp.) SO
the plant supports species which are capable of
reducing herbivore levels,

Certain Iridomyrmex species have characteristic

TABLE 4 Mean and standard deviation of plant heights and crown canopy
areas for the Manning control and experimental plants, measured
before and 54 days after ant exclusion.

(a) Height of plant (m)

Percentage
12 Sep 1977 9 Nov 1977 change
Contrel trees 1.76 * 0.45 1.87 * 0.42 +6.5%
Ant excluded trees 1.76 * 0.39 1.78 T 0.45 +1.3%
(b) Area of crown canopy [mz]
12 Sep 1977 9 Nov 1977 Percentage
P change
Control trees 3.18 ¥ 2.11 3.64 * 2.2 +14.5%
Ant excluded trees 2.61 £ 1.59 2.53 £ 1.2 - 3.06%




foraging patterns on A.saligna. Workers syste-
matically move between adjacent phyllodes, vis-
iting glands near the base and then detouring
to the tip of each phyllode before passing to
the next gland. Such a strategy would be most
efficient for detecting stemand phyllode living
herbivores.

The temporal and spatial pattern of gland acti-
vity is also appropriate for maximising effici-
ency of a protectionist relationship. The high
gland activity on new leaves, which are partic-
ularly susceptive to herbivores, might attract
more ants or encourage them to spend a greater
amount of time where they are most needed.

This pattern of gland activity has also been
noted for other species of plant such as cotton
{literature reviewed in 2}.

Glands appear to be most active in spring and
autumn when the threat of herbivory is greatest.
This might also have the effect of encouraging
ants at a time most important to the plant.
Whether this is the case or not has not been
resolved, as ants are also abundant on the
plants in summer (although glands may alsa be
very active then). Also, ant foraging on plan-
ts closely reflects the temporal ground foraging
pattern so this time relationship may be fortu-
itous.

The ant exclusion experiment was subject to a
number of limitations. Firstly the banding op-
eration influenced the presence of other groups
such as lepidoptera larvae which took refuge in
the litter layer during the daytime. Banding
therefore directiy altered the composition of
the fauna on A.saligna with consequent uncerta-
in effects on plant damage, growth and inverte-
brate interactions. Secondly the variation in
invertebrates present on individual plants was
high thus making statistical detection of trends

difficult. Thirdly, most species were infrequent,

or present in low numbers, on plants so compari-
son at the individual species level of control
and experimental trees was only possible for a
limited number of taxa.

The data nevertheless do suggest acceptance of
the protectionists' hypothesis since exclusion
leads to partly statistically demonstrated in-
creases in species richness and abundance of
bulked winged invertebrates and in the numbers
of 6 individual herbivorous insects. These en-
couraging results suggest that the experiment
merits repeating using a greater number of study
plants and more sensitive methods of measuring
plant growth parameters. If further findings
confirm these early results then 4.saligna
would be added to the two existing cases, Bixa
orellanad and Helianthella®, where ants attrac-
ted to extrafloral nectaries have been demonst-
rated to have a protective effect on the plant.
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A GENERAL ACCOUNT OF THE TRIFID SITE, MILEURA.

J.E.D. Fox
Introduction

‘Trifid' is a botanical adjective meaning divi-
ded into 3 lobes. In this account a landscape
feature at Mileura Statiom (at Lat. 269 15'S,
Long. 1179 11'E) is described which has three
distinctive arms (Fig. 1), two tributary creeks
and an exit creesk, Elsewhere a description of
phyllode characteristics is given for two trees
of dcacia aneura F. Muell ex Benth, whose loca-
tions within the Trifid are shown on Fig. 1.

My attention was drawn to the site in mid 1976
by Stephen Davies who showed me sites examined
earlier by John Mott. Despite the lack of mul-
ga regeneration within the locality’ several
features suggested that it would be of interest
in a study of the mulga in a long term sense.
The most important of these was the work under-
taken by Mott 9,10,11,12,13,14,15 at Mileura on
three annuals, to be referred to below. The
second feature was the stark contrast between
the central parts of the area, the 'arms' of
the Trifid, and the surrounding landscape, as
seen from the top of Mileura Hill just te the
east. The third feature of interest was the
occurrence of Grevillea striata R.Br., 'beef-
wood' as a large tree within the area in contr-
ast to its virtual absence over great areas of
Jand in the overall vicimity. A number of lar-
ger G.striata tree positions are illustrated in
Fig. 1. In sum a fascination was engendered
and the area was selected as a study site with-
in the overall context of the aims of the Mulga
Research Centre.*

A set of five transects was set out in December
1976. These straddle the area with three cros-
sing the Trifid arms and two running along the
tributary arms. All perennial shrubs were mea-
sured for height and crown diameter along the
transects and a number of soil samples were ta-
ken for examination.®

Eleven perennial species were encountered along
the transects. These were classified as:

Acacia aneurd

Acacia kempeana F. Muell.
Acacia tetragonophylla F. Muell.
Cassia helmsii Symon
Eremophila [fraseri F. Muell.
Eremophila longifolia F. Muell.
Tremophila spathulata W.V. Fitzg.

grevillea striata
Pittosporun phtllyracotdes DC.
Santalum Lanceolatun R.Br,

Seaevola spinescens R.Br.

While these form a small proportion of the
spectrum of shrub and tree species recorded for
Mileura3, nevertheless the more common Trifid
species (Table 1) are representative of much
of the station. Pittosporum phillyraecides 1s
roff-site' being a typical tree of creek edges
and of salt-bush flat margins. Acacia kempeana
does not flourish at Mileura and has not heen
observed to produce much seed.” Only two spe-
cimens of Scasvela spinescens were recorded.
This species appears to fruit only after pro-
longed periods of favourable summer moisture
conditions and is correlated with high summer
rainfall.® Tt is rather localised at Mileura.

Mott has described the vegetation of the cent-
ral creek, transect 4 (his rocky creek - no
1rocks' seen so the present study refers to
tereek'} and the adjacent plain (his rocky
plain, equal to 'stony plain' in this account}.
The first he referred to as a low woodland and
as Community 15 Acacia aneura-A. craspedocarpa
of Speck's system (A.R.1, M.R.C. 1977, B25).
However as no A.craspedocarpa is present the
nearest community in that system is No. 13
Grevillez striata-dcacia aneura-i.tetragonophy-
Zla. The plain was described as a tall open
shrubland, as Community 21 dcacia gneura; as will
be seen below it may more appropriately be des-
cribed as Community 23 Acceia aneura-FEremophila
spathulatg. 1In the list of species of shrubs
found in the area, Mott (page 284) * includes
Eremophila hastiana R.Br. and E. leucophylla
Benth. which collectively * presumably represe-
nt that classified as E.spatimlata in the pres-
ent study. Several collections of the plant
referred to herein as E.spathulata have been
given the name E.mgemillaniana C.A. Gardn. by
the W.A. State Herbarium. These two differ
little. The former has a hairy ovary the latt-
er not. As most specimens taken have been ste-
rile it may well be that the 'species’ referred
to in this account is in fact a complex of sev-
eral species. For the present purposes however
it is assumed that the smaller Eremophila bush-
es with rounded, spoon shaped leaves are all
referrable to E.spathulata. E.hastiana is not
listed by Davies3 and the description of E.leu-
cophylle given by Wilcox and Morrisseyl® does
not fit the plants of the Trifid area.

A second common Eremophila in the general area
is B.longifolia also described by Mott. Several
collections representing the plant referred to
by this name in the present account have been
named as E.freelingii F. Muell. by the State
Herbarium and the same strictures must be appl-
ied as to Z.spathulata. Certainly these plants
are not like the E. longifolia of Wilcox and Mo-
rrissey.l6

Mott noted two Cassia species in the area of the
Trifid study site. These were fassia artemigi-
odes Gaud, and C.desolata F. Muell. The former
1 have not seen in the area, the latter is very
similar to Cessia helmsii the name used in this
account, though it is not as common as C. helmsid.
At Mileura it has been reperted in the general

* See pl Annual Report 1, Mulga Research Centre
1977. {Abbreviated subsequently to AR.T,
M.R.C. 1977).

+ Page numbers rTefer to reference number 9.

* These specics may be conspecific. Sec 'How to
Xnow Western Australian Wildflowers' Part IV
by B.J. Grieve and W.E. Blackall, 1975, p63l.

Annual Report 2 Mulga Research Centre 1978, Published March 31st 1979.
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TABLE 1

43,

Stand table Transects 1-5 combined, Trifid Site, Mileura.

Numbers of plants in height classes by species.

Height Classes (m)
,1-.49 | .5-.99}1-1.99 | 2-2,99 } 3-3.99 | 4-4.99 | 5-5.99 | 6-6.99| 7+ | Total

Acaeia aneura 1 B 6 11 16 19 29 18 21 [ 129

Aeacia kempeara 5 1 7

Acaeia tetragonophylla 5 28 26 16 6 1 91

Cassta helmsii 2 10 4 22

Bremophila fraseri 2 2 n 11 11 3 2 42

Eremophila longifolia 1 15 12 3 31

Eremophila spathulata 4 26 47 32 5 114

Grevillea striata 2 2 5 13

Pittosporum phillyraesides 1 1

Santalum Lanceolatm 5 4 9

Seaevola spinescens 1 1 2

TOTAL 10 66 92 95 68 40 39 21 30 461
TABLE 2 Density and frequency of species, Trifid Site, Mileura.

Values based on presence in 20 x 20 m quadrats (0.04 ha).

Species Transect 1 2 3 4 5 T Density | Frequency | Ratio

Acacia aneura Plants 17 | 11 33| 39| 29| 129 2.35 71 3.30
Quadrats 6 4 9] 13 7 39

A. kempeana Plants 4 1 2 7 .13 11 1.15
Quadrats 3 1 2 &

A tetragonophylla Plants 11 | 12 [ 21 | 36 | 11 g1 1.66 73 2.27
Quadrats 6 6 8 | 13 7 40

Cassia helmeiil Plants 3 1 10 4] 2 22 .40 29 1.38
Quadrats 3 1 5 5 2 16

Eremophila fraseri Plants 2 10 5115 | 10 42 .76 34.5 2.21
Quadrats 2 2 3 8 4 19

E.Longifolia Plants 5 6 1] 15 4 31 .56 29 1.94
Quadrats 2 3 1 7 3 16

E. spathulata Plants 43 23 13 26 9 114 2.07 56 3.70
Quadrats 11 3 6 10 6 31

Grevillea striata Plants 2 3 3 5 13 .24 23.6 1.00
Quadrats 2 3 3 5 13

Pittosporum phillyraecides Plants 1 1 .02 1.8 1.00
Quadrats 1 1

Santalum lanceo latum Plants 2 1 5 1 9 .16 12.7 1.29
Quadrats 2 i1 3 1 7

Seaevola spinescens Plants 1 1 2 .04 3.6 1.00
Quadrats 1 1 2

Number of quadrats in transects 11 9112 ] 14 9 55

Density - mean number of plants per 0.04 ha
Frequency - percentage of (.04 ha quadrats occupied

Ratio - density/frequency x 102; and equivalent to density of occupied quadrats
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area.® Where Cresfa is referred to herein it
is pessible that C.desclata and C.helmsii are
lumped together - the two are mot readily dis-
tinguishable in the field.

All the other species noted by Mott (page 284)
are in agreement though the desert poplar Codo-
noearpus cotonifolius (Desf.) F. Muell. noted
by Mott as rare on the stony plain seems an un-
likely candidate for that general site.

Two of the three annuals studied by Mott occur
in the Trifid, viz. the summer germinating
grass Apietida eontorta F. Muell. and the win-
ter germinating daisy Helipterum craspedioides
W.V. Fitzg.1l These desert annuals are not ep-
hemerals in terms of moisture availability wit-
hin a year. They exhibit seasonal germination
which is temperature dependant. However fail-
ure of rain in a given season may mean that few
plants germinate that year, in this sense they
are ephemeral.l4 Annuals have been scarce over
the period covered by this report.

Environmental Variables

Topography

The general area falls on the Koonmarra land
system (A.R. 1, M.R.C. 1977 ppl7, 22). The to-
tal area encompassed by the transects is about
16 ha and the combined transect length is 1070
m. The area sampled and represented in tables
herein totals 2,32 ha, comprised of 58 quadrats
of 20 x 20 m (Table 2).* The central creek area
varies from about 100 m wide where transects 1
and 2 cross the arms of the Trifid to a broader
zone at the confluence and narrower strips fur-
ther to the south west and south east than tra-
nsects 1 and 2 and again north east of the con-
fluence.

Fig. 1 shows 10 cm contour intervals across the
study area based on levels taken along the tra-
nsects (comparative levels for each transect are
shown in Fig. 2). Slopes are 1 in 300 along
transect 4 and 1 in 350 along transect 5. On the
stony plain surrounding the drainage channels
slopes tend to be rather gradual on the cuter
flanks, e.g. 1 in 500 on the north and south
segments of transect 1. The western side of
transect 3 has a slope of 1 in 220 while the
eastern side has a slope of 1 in 250. The most
severe slope in the study area is at the east-
ern side of transect 2. This is avery stony
area with little vegetation, being the extremi-
ty of a large plain extending west from Mileura
Hill. At the hill itself the slope is very
steep, the land falls gradually across the pla-
in (traversed by the road from Mileura to Beri-
ngarra) and then there is a sharper slope of 1
in 170 where transect 2 cuts the edge of the
plain, The drainage channels are ill defined
on the ground though the presence of shallow
water scoured areas reveal the lower lying sur-
faces. Point 10 of transect 3 lies in one such
scoured area which retains water for some time
after rain. At this point there is only 5 cm
of soil over hardpan (Fig. 3). These scoured
areas are interspersed with mounds of a more
sandy nature (see below). Ercsion does not
appear to be proceeding at a rate which could
cause changes over short term periods,

* 3 quadrats unoccupied 2 in T2, 1 in T3, all
at eastern ends on barren stony plain.

Above ground termite workings are most evident
in the more wooded parts of transect 5. Subte-
rranean workings are much more common and it
is difficult to take a soil sample which shows
no old termite workings in it.

Mottll has emphasised the high proportion of
annual productivity in the run-on areas. Seed
from most plants in the study area remains on
the soil surface after shedding, though in the
summer of 1970/71 Mott observed germination of
Arietida contorta from 2 cm depth. This was
related to loss of light sensitivity over the
three years that it had been present. On the
whole very little of the annual seed is carr-
ied over from a season conducive to good germi-
nationl0,1}l though this may not be true of
hard-seeded deacic species. The question of
seed pools needs examination as also the role,
if any, of ants in burying seed.

Climatic Influences

Davies has discussed climatic variables of the
general area of MileuraZ:” and in this account
features of interest related to the potential
reproductive capacity of the plants found at
the Trifid site are drawn from his work. First-
ly there tends to be repetition, in different
parts of the landscape, of shrub species. That
is a species occurring on the flanks of a min-
or creek is also likely to occur in the same
topographical position in relation to a larger
creek. This pattern for 10 species has been
illustrated.4 Secondly although some flowering
and fruiting of many shrubs may be noted throu-
gh the year® there is strong seasonality and
definite correlations of successful seed matur-
ation with the quantity of rainfall in particu-
lar seasons. Thirdly creeks and drainage cha-
nnels concentrate and store water to some exte-
nt. Plants in or near the channels have access
to much more, available, water than annual rain-
fall averages would suggest. In addition there
are temperature differences on the broad scale,
between higher and lower positions in the land-
scape., The higher ground provides less extreme
habitats than lower lying creeks.4

The present account seeks to establish a detai-
led statement of what this particular study
area has in the way of perennials and how these
are positioned within the landscape, In addit-
ion to those described in detail the presence
of A.vietoriae Benth. is mentioned here. This
pccurs as an individual tree at the edge of the
stony plain south east of peint 4, tramsect 4.
Another Acaeia, recorded as equivalent to sp.
nov. HA 2512745 (possibly A.quadrimarginea F.
Muell., recorded by Mott (p284) for this site)
is found to the narth of transect 4 at peint 6.

The dry period7 preceeding the establishment of
transects (62 mm of rain in the 13 previous
months} may account for the absence of small
mulga regeneration (indeed mo recent regenera-
tion of any of the perennials has been cbserved
in the general area 1976-1978) and certainly for
the lack of any seed pods on the muiga trees.?
Davies has examined a total of 21 shrubs for
correlation between environmental factors and
phenology® (his Table 4) finding relations bet-
ween successful fruit production and rainfall
for the majority. This examination included
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individuals of the species found in the Trifid
transects, with the exceptions of Eremophila
longifolia, E.spothulata, Grevillea striata and
Fittosporun phillyraeoidas.

The third feature raised by Davies' work is
perhaps the most relevant to the present accou-
nt. Clearly perennial plants persist at a site
because they are able to tolerate the local en-
vironment at that site. What may be possible
is to attempt to formulate a relationship of
*capability' in terms of maximum stature. The
Grevillec trees of same size may represent an
opportunity to develop this theme in more deta-
i1 later on. It is probable that more mulga
seed is matured in the central Trifid area than
on the flanks and while pods may be blown out
of the trees by wind?, water movement acts to
concentrate propagules within the lower lying
areas. This is less true of lighter seeds and
re-deposition is of importance in maintaining
populations of annuals.13 The data of Davies
suggest that reproductive efficiency in Acaeia
tetragonophylla may be related to both tempera-
ture and rainfall. Frost damage has been noted
to foliage in a low valley site where seed pro-
duction was greatest in years of high winter
rainfall whereas elsewhere fruit production
seems to be greatest in years of heavy summer
rainfall.®

Summer thunderstorms of <10 mm wet the so0il
surface for only 10-15 hours. In the winter at
least 30 mm of Tain is required te maintain the
surface soil moisture on flatter areas for more
than five days. Mott has shown that the
grass Aristida requires at least 24 hours to
reach 50 percent germination and the daisies he
examined some 3-5 days so that it is probable
that little germination occurs unless heavy
rain falls. Propagules of the annuals, at lea-
st, can imbibe moisture Tapidly but will also
dehydrate quickly; light falls of rain may posi-

tion seed to better advantage for later heavy
falls.12 Soil surface temperatures (taken at
0.5 cm below surface} show strong djurial ran-
ges.10 After rainfall meximum surface tempera-
tures fall dramaticall{ as much as 32°2C in su-
mmer and 20° in winter i from levels of 80° and
279C (mean monthly values).10

Over the period 1969-1971 Helipterum eraspedio-
ides germinated between early May and early
June with 3-4 weeks to flower initiation and

6% to a little over 8 weeks to anthesis, with
mean times of 27 and 55 days respectively. Avi-
atida contorta germinated in early February of
1971 and flowered 42 days later.l4

The presence of established shrubs ameliorates
temperature conditions at the micro-topographic
1evel. Mott noted seil surface temperatures in
winter differed under bushes compared with ad-
jacent open sites viz. mean maximum 6°C lower;
mean minimum 3-S°C higher (page 117). This re-
duction was similar after rain with sites under
shrubs showing diurnal ranges of 12-18°C compa-
red with 12-23°C in the open.

Soils

The soils of the area are red earths, generally
sandy loams or sandy clay loams overlying an
impervious siliceous hardpan.l3 On the stony
plain white quartz rocks lie on the surface,
these are sharply angular but not usually more
than 10 cm across. Depth of soil to hardpan is
considered an important factor in perennial di-
stribution and attained size, mainly because
the higher ground has shallower s0il over hard-
pan {Figs. 3 and 4) and moisture values tend to
remain higher in the run-on sites than on the
plain for a longer time after rainfall. This
logically suggests a greater water storage due
to greater soil depth even though soil-moisture
characteristics are gemerally similar.1l When
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the surface has dried out the soil just above
the hardpan may still have reasonable levels
of scil moisture.

Tn addition there is a micro-topographic effe-
ct described for the Trifid by Mott (his Site
A) who ohserved that on slight mounds annuals
carried more seed, were larger and occurred in
greater numbers than the same species in inte-
rvening depressions.l3 [In the case of Aristi-
da contorta artificial seeding suggested lower
germination occurred in depressions due to
ponding after cyclonic rains. The mounds and
depressions are generally elongated in the di-
rection of water flow the mounds being 3-5 m
long and 1-3 m wide with depressions 6.4 + 1.3
cm below crests of adjoining mounds. There is
a small increase in depth of soil to hardpan
under the mounds, such that soil depth under
mounds is of the order of 16 cm greater than
in the depressions. Shrubs oceurred on mounds,
rarely in depressions and Mott suggests that
formation of a hollow (dishing effect) in the
hardpan surface seems to be associated with
the larger Acactia plants.13

There appears to be little variation in parti-
cle size or in soil moisture capacity between
mounds and depressions.

Particle Fractions {after Mott and McComhlS}
Mound Depression
Deptﬁ fcm) 0-3 18-22 0-3 18-22
5ilt 10 9 7 10
Clay 19 12 25 22
Fine sand 33 37 33 37
Coarse sand 41 39 38 31

However soil moisture remains above wilting
point marginally longer in the mounds. The
mounds have higher nutrient levels (except for
available nitrogen) than the depressions larg-
ely because their surface soils contain more
litter, and Mott concludes that better growth
on mounds is due to a combination of moisture
storage and availability of nutrients. Nutrient
accumulation is clearly related to presence of
plants and their associated litter fall,

Soils of the stony plain have more large frag-
ments than those of the creek and have less
clay, particularly at depth. The average val-
ues for clay reported by Mott? are as follows
{percentages}:

Depth Surface 20 cm

Plain i4 17

Creek 18 24
(page 36)

This difference is sufficient to class the sub-
surface creek soil as sandy clay loam, whereas
the other soils are sandy loams. As noted abo-
ve however ¢lay has tended to accumulate mere
in the depressions within the creek sites.

S0il moisture levels were followed over the pe-
riod 1969-1971 by Mott9 with samples taken at
0-2 em, 25-30 cm, 40-45 ¢m, 55-60 cm and 75-80
cm or until the hardpan was reached. Of parti-
cular interest is 'availahle moisture': that
between field capacity (at -0.3 bars) and wilt-
ing point (-15 bars). For these levels Mott
reported the following:

Water as % Dry Weight

Location -15 bhars -0.3 bars

Plain* 5.6 12.%

Creek* 6.0 12.8

Mound # 6.2 12.3

Depressiond 5 12.8
9 i3

Thus a maximum of 7.3% is the value suggested
for available moisture. For the plain surface
s0il moisture was generally well below permane-
nt wilting point (page 39) in the range of 0-3%
with slightly higher levels in the creck (page
38). At 45 cm depth surface soil moisture cx-
ceeded PWP on 7/23 occasions for plain samples
and 13/21 occasions for creek samples. Tests on
the anmuals showed that exposure to soil water
potential of -15 bars (using fine silty loam)
was lethal in five days.l5 Annuals do not fla-
wer more rapidly under conditions of moisture
stress. Survival of the perennials from year
to year must be related to a combination of com
petition and available scil moisture.

[

Description of Transects

Along each transect the perennials have been
summarised for those occurring within 10 m ei-
ther side of the line of the transect (Table 1)
while in the descriptions of transects which
follow (Figs. 3-6, Tables 3-7) data is present-
ed for overlapping 20 m x 20 m guadrats along
the lines. The distinction may be made by not-
ing whether points on transects are reported in
multiples of 10 or 20 m ending with zero (ori-
ginal data) er ending in 5 (overlapping averag-
es). For example in Fig. 3 topography and dep-
th to hardpan are presented as original data
while 'percentage stones' is plotted on the
overlapping average system.

The ratio of density/frequency may be taken as
a measure of dispersion.l This is shown for
all transects combined in Table 2. dcacic tet-
ragonophylle occurs in 73% of the 0.04 quadrats
covered by transects with an average density of
1.66 and has a lower ratio than Acacia cieura
and Eremophila spathulata which both occurred
in fewer quadrats with higher average densities.
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Greviilea striata mainly a large tree is well
dispersed at this scale of aggregation with 13
trees in 13 different quadrats. The total of
perennials recorded was 461 with an average
quadrat density of 8,38 or 209.5 ha-l,

Original field measurements of perennials con-
sisted of height, crown diameter and stem dia-
meter at 1.3 m. Crown diameter has been used
to derive crown area in mZ2 (Table 3 etc.), per-
centage ground covered and percentage contribu-
tion to crown area by species (Fig. 6). 'Bio-
volume' is here defined as crown area X height
in m3 and is shown per perennial by quadrat in
Fig. 5 and tabulated with percentage contribut-
ion by specles in Table 3 etec. Depths to hard-
pan are the mean of three recordings at each
point. Points were established at 10 m sectio-
ns along transects 1-3 and 20 m sections along
transects 4 and 5. In both Figs. 5 and 6 the
bold lines represent surface topography. Soil
pH was determined for 14 scil samples from 0-10
c¢m depth along transects 1 and 2 in December
1976. The average value was 7.0 (6.5-7.5).

T'ransect 1

This transect cuts across the highest part of
the study area (Fig. 2) with 11 points falling
on the stony plain and 10 in the south western
arm of the creek system. On the plain the ave-
rage percentage of stones is 16 compared with

% in the creek, whereas the average depths to
hardpan are 13 and 33 om respectively, The low-
est point is 140 m from the start (Fig. 3) and
this is probably the site of the main surface
flow though there is ncthing to indicate this
on the ground and a strong possibility that run
off from the west would be concentrated in one
or other of the lower lying areas at 70 or 110
m along the transect. The change from >20%
stones on the surface to lower proportions from
each end of this transect is most marked and
neatly coincides with increased soil depth and
shallower slopes. Soil depth varies from <1l0cm
at 0, 10, 20, 30 and 40 m to a maximum of 37 cm
at 120 m along the line.

Soil meoisture was sampled in December 1976, Ju-
ly 1977 and November 1978, in the first two in-
stances along the entire transect and in the
latter between 50 and 100 m. Samples were tak-
en from the surface 0-10 cm. In December 1576
the range was 0.38% {180 m) to 1.14% (20 m) with
all values less than permanent wilting point

{as previously defined) which was calculated as
between 3.1% (120 m) and 5.5% (30 m).8 At this
time there was no difference between points on
stony ground and in the creek area. In July
1977 the range was 0.41 to 2.26% with the aver-
age and range for points on the stony plain
.86 (.41-1.78) and in the central creek 1.35
(.59-2.26). The six central points sampled in
November 1978 averaged 2.67% with the highest
value 4.17% at 70 m coinciding with a pronocunced
trough in scil depth (Fig. 3)}. 1In this transect
4 trees exceed 5 m in height, twa each of Acacia
anenrg amd Grevillea striata. The tallest being
a G,striata at 6.8 m height 134 m along the line
in a dip in surface topography where the soil is
comparatively deep (Fig. 3). The other member
of this species is 5.2 m in height at 68 m alo-
ng the line just at the break between stony pl-
ain and creek sites. The taller A.areura (6.2m)
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also occurs in a trough at 78 m while the other
(5.3 m) is on level ground with a locally rela-
tively shallow depth to hardpan at 100 m along
the line. This may not be a useful observation
as this tree lies nearly 10 m from the point at
which topography and hardpan were measured.
Fig. 5 shows the averaged heights of the two
tallest plants per 0.04 ha across the transect.
The trend suggests an inverse relation with per-
centage stones on the surface and an apparent
(untested) correlation with depth to hardpan.
Heights are lowest in this transect compared
with the other four, as alsoc are average biocvo-
lumes per bush and crown cover. There is a di-
stinct contrast between the two basic land for-
ms:-

Average heights 1.0-2.9 3.6-5.7m
Biovolume per bush 1.1-8.3 7.7-70.1 m3
Percent crown cover 0.6-5.9 9.9-31.1%

Not only are dimensions lower in the stony pla-
in parts of the transect but fewer shrubs (i.e.
more widely spaced perennials) contribute tothe
means with 2-9 perennials per guadrat compared
with 7-17 in the central creek section. Acacig
aneura is absent from the north western segment
of stony plain (though individuals do occur sca-
ttered across its lower flanks outside the tran-
sect) where Fremophila spathulatc is the most
frequent plant as also at the other end of the
line (Fig. 6, Table 3). A4eacia aneura reaches
a maximum frequency of 175 ha-1 at 95 m along
the line occurring in only 6 quadrats compared
with E.spathulata in all quadrats. Overall the
latter has the highest density/frequency ratio
in transect 1. Both Casgsia helmsii and Eremo-
phila fraseri are uncommon and scattered in
this area but A4.kempeana is more frequent than
elsewhere in the Trifid (Table 2}. Organic ma-
tter in the top -10 ¢m from 7 points along
transect 1, samgled in December 1976 averaged
1.8% (1.3-2.1).

Transect 2

This line commerices to the east of the area and
traverses the south eastern arm of the Trifid.
Its eastern-most side has a comparatively sharp
slope across the stony flank of Mileura Hill.
This is virtually barren despite an apparently
deeper soil to hardpan than at the extremities
of transect 1 (Fig. 3). The first 40 m falls on
the stony plain where the average depth to hard-
pan is 18 cm, The section 50-80 m covers an
irregularly scoured area of pronounced mounds
and depressions suggesting that flow may occur
throughout. The other low area indicated, at
180 m, may receive run off from the south. S0il
depth varies from 9 cm at 50mto 52 cm at 110 m
along the transect. Soil moisture levels reco-
rded were as follows:-

Dec 1976 Jul 1977 Nov 15978
Max. 3.28 2.15 1.8l
Min. .55 .53 .23

Mean .89 1.12 .95
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* FTABLE 3  Summary of Transect Data T1.

Bi ibuted Speci
Distance Crown Area  Biovolume Percentage Biovolume Contributed by Species

(m) (m?) () A.a. Ak. A.t. C.h. E.f. E.L. E.s.. G.s. S.%.
5 13.1 25 3 97
15 19.8 33 100
25 22.2 39 100
35 13.3 27 <1 99
as 3.9 6 <1 99
55 15.0 22 12 88
65 77.0 254 1 50 5 43
75 124.5 491 21 56 1 22
85 58.7 332 46 52 2
95 58.4 202 71 23 6
105 82.6 259 43 6 31 <1 20
115 80.7 226 10 35 2% <l 8 <1 19
125 84.0 383 1 28 1 5 <1 1 63 <1
135 69.4 330 13 2 <1 11 73 1
145 41.5 124 62 2 <1 29 7
155 39.6 127 85 <1 8 7
165 23.7 53 59 41
175 3.5 14 8 92
185 8.6 10 44 11 45
195 11.3 12 35 12 53

TABLE 4 Summary of Transect Data T2.

Distance Crown Area  Biovolume Percentage Biovolume Contributed by Species

2
() (m®) @3 A.a. A.t. C.h. E.f. g2, Es. Gs. P.p. S.2
5 No perennials present
15 " (L 11
25 L) 1 (L)
35 1 r ty
45 19.9 44 <1 99 <1
55 238.4 1651 14 7 <1 78
65 254.1 1696 13 6 <1 3 <1 76
75 107.5 360 43 22 <1 23 12
85 169.5 865 18 6 13 <1 6 57
a5 Z11.1 697 8 17 <1 3 70
105 113.9 733 8 8 5 <1 78
115 132.8 830 26 g <1 65 <1
125 83.1 352 76 22 <1 <1 1
135 31.7 115 87 11 1 1
145 20.7 35 <1 36 23 3 37
155 16,3 27 1 30 2 67
165 5.9 7 12 88
175 2.5 3 71 27 2
185 7.7 14 15 85
195 14.8 32 100
205 13.6 33 78 22




TABLE 5 Summary of Transect Data T3.
Distance Crown Area  Biovolume Percentage Biovolume Contributed by Species
(m) (m?) %) A.a.  A.k. A.t. C.h. E.f.  E.t. E.s. S.s
5 4.1 8 100
15 25.8 98 90 10
25 30.0 112 99 <1 <1
35 96.5 427 60 40 <1
45 248.0 1141 42 58
55 227.1 951 26 2 72 <1
65 181.9 868 85 2 12 <1 <1 <1
75 142.4 782 98 2 <1 <1
85 217.6 1221 78 14 8
95 238.5 1390 79 12 7 2
105 132.2 729 40 55 <1 5
115 170.9 848 21 79 <1
125 147 .8 718 55 38 5 2
135 73.1 318 78 1 <1 13 <1 7
145 14.5 17 24 10 4 11 51
155 2.2 2 100
165 0.8 <1 100
175 1.1 <1 100
185 1.5 1 28 72
195 2.1 2 13 87
205 3.4 4 48 52
215 30.8 144 99 1
225 29.4 142 99 <1
235 2.0 <1 57 43
TABLE 6  Summary of Transect Data T4,
Distance CrownzArea Biovoslume Percentage Biovolume Contributed by Species
(m) (m*) () A.a.  AX%. A.t. C.h. E.f. E.L. E.s. G.s. 5.5. S.s.
5 102.6 328 61 27 1 10
15 107.2 353 63 14 20 1 2
25 104.0 462 81 11 8 <1 <1
35 110.2 529 87 8 5 <1
45 66.6 266 66 18 g 7
55 21.9 44 23 15 5 2 43 12
65 34,2 58 27 2 3 57 1 9
75 27.1 42 12 2 78 8
85 35.7 81 1 <1 98
95 132.1 603 30 55 <1 1 14
105 120.8 616 a2 54 1 <1 1 <1
115 76.9 333 62 25 2 <1 2 9
125 252.1 1541 9 41 5 <1 <1 44 2
135 235.5 1412 <1 46 6 <1 48
145 86.5 345 <1 94 6
155 144.3 598 5 88 1 6 <1
165 139.7 586 5 87 2 6 <1
175 71.7 308 3 68 23 6
185 164.9 937 23 18 7 2 49
195 262.4 1424 34 26 8 32
205 191.7 825 50 29 17 3 1
215 97.7 341 41 11 8 7 13 20
225 221.5 1844 8 4 2 82 4
235 267.2 2178 23 4 4 70
245 134.4 736 80 7 12
255 76.0 422 84 13 3
265 107.3 454 71 4 15 <1 10
275 189.4 771 69 2 22 <1 &
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TABLE 7 Summary of Transect Data T5.
Distance CrownzArea Biovg;ume Percentage Biovolume Contributed by Species
() ) (=3 A.a. At. C.h. E.£. E.2. E.s. G.s. S.i.
5 36.5 170 90 <1 10
15 90.4 292 53 10 <1 28 8
25 83.0 283 35 11 29 5
35 47.8 123 84 10 6
45 57.3 149 88 4 a <1
55 105.8 641 35 4 1 ]
65 103.5 633 36 4 61
75 42.9 235 32 15
8BS 121.3 949 35 1 <1 50
95 306.9 1778 23 30 4 44
105 337.5 1817 41 35 9 10
115 193.1 1405 78 13 9
125 218.4 1644 37 pi 7 1 1 52
135 211.6 1298 13 5 7 3 4 66 2
145 178.9 1010 44 3 1 1 3 46 3
155 226.4 1219 36 13 11 2 38
The point 70 m along the transect was consiste- Transeet 3

ntly the lowest in these sets. This point, in-
terestingly, is on a pronounced rise compared
with the surrounding land surface (Fig. 3). The
highest record for 1976 was at 180 m, a shallow
area; for 1977 at 130 m and for 1978 at 80 m,
another shallow area. Permanent wilting point
for samples from transect 2 varied between 3.5
(70 m) and 5.0% (200 m).8 Six trees exceed 5 m
in height along this transect, three each of
Acacia aneura and Grevillea striata. Each of
the latter is 9.3 m tall. These six occur in
the central part of the line between 56 and 118
m where the ground level is relatively flat and
the soil is at least 20 ¢m to hardpan (50-60 m)
but generally in excess of 40 c¢m deep. The lar-
gest G.strigta is at 56 m along the line, this
has a stem diameter at 1,3 m of 78.4 cm and a
crown diameter of 13.3 m. Although the soil is
not deep at this point it represemts the break
in slope of a considerable area to the east whi-
ch presumably provides run-off moisture when
rain occurs. Average heights are greatest in
the central part and biomass per plant reflects
the major contribution of the G.striata trees
(Fig. 5). Adeacia ansura is less frequent in
this transect than in transect 1 (Table 2) reac-
hing a maximum frequency of 100 ha~1l at 55-65 m
and with the lowest density/frequency ratioc thr-
oughout the sample area despite the omission of
three unoccupied quadrats at the eastern extrem-
ity of the line in Table 2. A.tetragonophylla
is more frequent in terms of occupied quadrats
but F.spathulatq, occurring in 8/9 is almost as
frequent as in transect 1, forming the bulk of
biovolume and crown cover from 145-205 m along
the line (Table 4, Fig. 6}. This line is also
distinguished by the presence of the single Pit-
tosporum phillyraecides at 214 m along the line,
and by a high density/frequency ratio for Eremo-
phila fraseri with the main concentration at 80-
100 m. Organic matter in the top 0-10 cm of
soil from 7 points along transect 2, sampled in
December 1976 averaged 2.0% {1.6-3.1}.

This line cuts the exit creek at the lowest
point of the study area, starting from about the
same topegraphical point on the stony plain to
the east as does transect 2. Both extremities
have steeper slopes than transect 1 but althou-
gh the western most section runs onto the plain
fewer stones are present on the surface. The
central section of profile is atypical (Fig. 3)
in that the scour channel featured is one of the
deepest in the Trifid area and if the line had
been a few metres either side this feature would
not have been illustrated. The profiles of sur-
face topography and secil depth at each of tran-
sects 1, 2, 3 suggest a skewed effect and that a
more detailed analysis of these two features to
illustrate a three dimensional representation
could be useful. That is soil depth appears to
be slightly out of phase with surface topography.
Soil depth is shallowest at the western end of
the transect - 13 cm at 220 m and 15 cm at 230
m, and deepest at 100 m where it is 49 cm.

Soil moisture levels recorded were as follows:

December 1976 July 1977
Max. 1.46 3.92
Min. .54 L33
Mean .82 1.05

Highest values in 1976 were at 60, 70, 80 and
150 m (all over 1%} and of these only that at
80 m exceeded 1% in 1977 when the highest valu-
es were at 90 and 110 m. However the general
trend was for the central area, im proximity to
the main channel, and also incidentally relati-
vely well-shaded, to have higher soil moisture
levels.

The tallest trees in transect 3 are all dcacia
aneura, with Grevillea striata being notably ab-
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sent. 20 individuals exceed 5 m in height with
the tallest 6 of these (>6.8 m ht) between 72
and 128 m along the transect, in the lowest ly-
ing area sampled (Fig. 2). Density of A.anewra
is highest on the ledge at 60-80 m {Fig. 5) at
150-175 ha-1, but remains in excess of 100 ha-l
between 25 and 125 m apart from an aberration
at 55 m. So0il depth to hardpan generally exce-
eds 30 cm for this stretch (Fig. 3). The tall-
est A.tetragonophylla (5.8 m) occurs at 114 m
along the transect where the soil is 40 cm to
hardpan in a distinct trough. Overall stocking
is greatest at 135 m with 350 stems ha-1.

In contrast to transects 1 and 2 dcacic aneura
contributes the bulk of biovolume and crown
cover (Table 5, Fig. 6) to much of the first
half of the line. One gquadrat is omitted as
unstocked from the bottom line of Table 2, lea-
ving A.aneura with a 75% frequency (9/12) and a
higher density/frequency ratio than for transe-
cts 1 and 2. This is probably a reflection of
the lower position of this transect in the lan-
dscape and the proximity of the eastern end to
the Trifid confluence. deacia tetragonophylla
also has a higher density and frequency in this
transect than in 1 and 2, with its most freque-
nt representation at 15, 40, 90 and 115 m along
the line, all possibly areas where soil depth
to hardpan is dished (Fig. 3). Santalwum lance-
olatum is absent, Bremophila longifolia scarce,
and E.spathulata much less frequent than in
transects 1 and 2. The transect has one of the
two Scaevola epineseens recorded at 101 'm and
has the highest number of Czssia helmsii in all
transects, located mainly between 150 and 160 m
along the line.

Transect 4

Transect 4 does not exactly follow the line of
drainage which is indicated approximately on
Fig. 1. Because of this and also probably the
scour and dish effect noted above there is some
variation in soil depths along the line. Howev-
er both this and transect 5 (Fig. 4) show a di-
stinct contrast from the first three transects
in the general overall trend of depth to hard-
pan slope following surface soil topography.
Percentage stones on the surface are not illus-
trated for this transect though at 60, 80 and
260 m stones were present. These points coin-
cide with some of the lowest soil depths to ha-
rdpan along the line viz. 16, 9 and 23 cm resp-
ectively against an overall average of 28 cm
with a maximum of 55 cm at 120 m. This area is
at about the position sampled by Mott though the
presently noted soil depths are much shallower
than his. 5o0il moisture levels recorded were
as follows:-

December 1976 November 1978

Max. 1.24 8.60
Min. .52 0.71
Mean .82 3.59

These differ little for 1976 from transect 3
and show no trend of interest for that period.
The highest value at the 1978 sampling date was
for 160 m along the transect where the soil dep-
th was 43 cm and a definite trough in depth to
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hardpan occurs (Fig. 4). While not all posi-
tions were sampled in 1978 it is interesting to
note that for 1976 the highest value for per-
centage moisture was at the start of the tran-
sect i.e. the highest point in the landscape

of this line. The same thing occurred in tra-
nsect 5. Individuals of Acacia aneura and
Grevillea striata lying close to the transect
line are represented by heights in Fig. 4. Only
3 G.striata occur in this line and they show an
increase in height down slope, with height not
directly related to depth of soil to hardpan.
The tallest tree is 10.3 m high with a stem di-
ameter at 1.3 m of 72.8 cm and a crown diameter
of 13.7 m. Twenty individuals of A.aneura ex-
ceed 5 m in height (average 6.1 m) along this
line. Fig. 4 suggests a trend of height with
depth of soil (untested)., Other species excee-
ding 5 m in height are Acacia tetragonophylla

4 trees< 6 m at 101, 131(2) and 171 m along the
line where soils are deepest; and one Eremophi-
la fraseri at 129 m. Average heights and bio-
volumes per plant fluctuate along the line (Fig.
5] with an underlying trend of increase down
slope. Total stocking is greatest at 5 and 215
m along the transect with 375 stems ha-l and
numbers of A.aneuwraz are highest at 5 m with 175
ha~l, Aecacia tetragonophylla occurs at highest
density and frequency in this transect with some
tendency to aggregation. Of the 36 stems reco-
rded 5 lie between 130 and 142 m, 5 between 160
and 172 m, and 10 between 186 and 214 m along
the line. The major contribution of this spec-
ies to crown cover and biovolume is between 145
and 175 m (Fig. 6, Table 6). Eremophila frase-
ri and E.longifolia are both also at highest
density and frequency in this transect with one
patch of 5 bushes of the latter at 60-70 m.
Apart from this they tend to occur in smaller
aggregations along the transect. One Seaevola
spinescens occurs at 64 m. The transect is
also distinguished by the presence of 5 of the
9 Sgntalum lanceolatwm shrubs (Table 2}, 1 at
47 m, 2 at 120 m and 2 at 220 m, all positions
where the depth to hardpan shows apparent dish-
ing (Fig. 4).

Transect &

This transect commences in an area of surface
scour just past that mentioned for transect Z.
Here considerable differences exist in both
depth to hardpan and surface topography. Read-
ings taken show that the transect passes through
surface scour at the 0 and 20 m points (Fig. 4)
thereafter the line while not following themain
drainage channel precisely does have a more con-
sistent soil profile depth of between 26 and 41
cm, mean depth 34.6 cm. Soil moisture records
were similar to those for transect 4:-

December 1976 November 1978

Max. 1.21 3.92
Min. .43 0.41
Mean .73 1.29

Not all positions were sampled im 1978. The hi-
ghest value at the 1976 period was at O m along
the line whereas in 1978 the highest value was
recorded at 100 m, where the third highest val-
ue occurred in 1976. Both parts were at slope



positions both on the surface and with respect
to hardpan (Fig. 4). A total of 31 trees in
this transect exceed 5 m in height, that is 46%
of the total (Table 1). More G.striata oceur
in this line than elsewhere (5) including the
tallest recorded at 10.4 m (off the scale on
Fig. 4). Representative heights of tallest
trees are shown on Fig. 4. These suggest an
increase in height down slope for the first 100
m of transect whereafter heights tend to level
off, declining towards the end of the line (Fig.
$) where the transect moves west of the main
drainage arm (Fig. 1). In addition to 23 Aca~
¢iq aneura » 5 m (average 7.35) there are two A.
tetragonorhylia and one Fremophila froseri ex-
ceeding this height. Average biovolumes per
plant range from 20.5 at 35 m along the line to
222.% m3 at 95 m. Biovolume is greatest in the
stretch 95-155 m where trees are also more den-
sely packed. Numbers of f.anreura ha-1l achieve
the highest level in this transect with 275 at
115 m. Acacia tetragonophylic is comparatively
scarce though reasonably well distributed, Ere-
mophila spathulata is also scarce with the low-
est density/frequency ratic in this transect.
E. frasert is mainly concentrated at the western
end of the transect with 6 of the 10 individuals
present between 114 and 133 m along the line.

Conclusions

The present description of vegetation of the
Trifid site and review of previous findings in
the area will serve as a basis for further stu-
dies on growth persistence and resgeneration of
perennials, While the sampling program and an-
alysis undertaken to date allows little to be
stated in the way of firm conclusions, it is
considered that the material presented can be
elaborated and tested further. Reasons for the
presence of large Grevillea striata trees to
occur at certain lacations require further deli-
beration. Is it possible to predict which mic-
rosites can support large growth? Are mounding
and dishing geomorphic features or of bielogi-
cal origin? [s the spacing of shrubs directly
related to absolute soil volumes or a combina-
tion of rooting space and moisture availability?
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PRELIMINARY STUDIES OF WATER RELATIONS OF SOME
TREE SPECIES AT YEELIRRIE

§.R. Shea, J.R. Bartle and P.C. Richmond
Forests Department, Western Australia.

Introduction

During the mining of the Western Mining Corpor-
ation's uranium deposit at Yeelirrie it will be
necessary to reduce water table levels to enab-
le extraction of the ore. The company is conc-
erned that as a conseguence of the reduction in
water table the native vegetation (particularly
trees) in the areas surrounding the mine site
will be adversely affected. The impact of the
lowering of the water table on the vegetation
will be one factor influencing whether the min-
ing procedure will be medified to reduce the
regional effects of water table reduction.

Comprehensive ecological surveys including veg-
etative type mapping are being carried out by
consultants te characterize the vegetation of
the lease area. In the area of principal con-
cern the vegetation consists of an open, grassy
woodland. The principal tree species are Casu-
arina eristata Miq., Acacia anewra var. latifo-
lig F. Muell. ex Benth., Eucalyptus clelandii
{(Maiden) Maiden, Eucalypius trivalve Blakely and
a Mzlaleuwea sp. Mixed grasses dominate the
ground layer but there are considerable areas
of bare seil.

The climate is arid with an average annual rain-
fall of 218 mm. At the time of this study no
rain had fallen for 18 months. Soils in the
study area were calcareous red sandy earths
(Churchwood, pers. comm.}. A typical profile
consisted of a red sandy loam to a depth of be-
tween 20-40 cm overlying a calcareous clay. The
clay was of varilable density but typically was
hard and compact. Depth to water table in the
study area varied from 4-6 m. T.D.S. content
of this water ranged from 3,000 to 7,000 p.p.m.

Plants have evolved numercus mechanisms to ena-
ble them to grow and survive in arid regioms,
The literature on the subject is large and has
been comprehensively reviewed by Parker (1968).
The particular type of mechanism used by a plant
to survive in an arid environment will influence
its capacity to withstand additional disturbance
to the environment. A variety of classificatio-
ns have been proposed to categorize arid zone
plants. The simplest and most pertinent (to
this study) system divides drought resistant
plants into ephemerals, water savers and water
spenders. Water savers are plants which have
evolved mechanisms which reduce water loss (for
example, thick cuticle development, reductien in
leaf size and number etc.). They may also have
adaptions which allow them to resist permanent
damage even when subjected to large plant water
deficits. Water spenders survive in arid envi-
ronments by ensuring maximun use of stored wat-
er. The most common adaption of these plants

is extensive lateral and vertical root develop-
ment.

The ability of the vegetation at Yeelirrie to
withstand lowering of the water table will dep-
end to a degree on whether the plants have bec-

59.

ome physiologically dormant to avoid drought
(i.e. water savers) or whether they are cbtai-
ning stored water (i.e. water spenders}. Plants
in the latter category are likely to be severe-
ly affected by a reduction in the water table
level as they are unlikely to have mechanisms
which allow conservation of water and they wou-
1d not be adapted to the very high plant water
deficits which would develop.

Thus, a rapid assessment can be made of the im-
pact of the reduction in water table by invest-
igating whether the plants are consuming water
and if rooting systems are present which are
tapping the existing water table.

Methods
Temperature

Wet and dry bulb temperatures were recorded th-
roughout the period of measurement.

Measurement of Stomatal Resistance

Stomatal resistance is a measure of the resist-
ance to water vapour diffusion from the interior
of the leaf to the atmosphere. Resistance is
related primarily to stomatal aperture. Although
it is not simply related to water loss per unit
area of leaf there is an inverse correlation
between water loss and resistance.

Measurements of stomatal resistance of the maj-
or tree species present was carried out over a
24 hour period on the 29th and 30th March 1977,
at four hourly intervals. Stomatal resistance
was measured with a diffusive resistance meter
(Kanemasu et al, 1969) on 4 leaves of two trees
of each species.

Xylem Pressure Potential

Xylem pressure potential is a measure of the
tension at which water is held in the plant. It
is a balance of the rate of water loss from the
plant and the rate of supply from the soil. Xy-
lem pressure potential was determined for each
tree using the Scholander (1564, 1975, 1966)
pressure bulb technique at the same time that
leaf resistance measurements were made.

Root Excavatione

A backhoe was used to excavate a trench approxi-
mately 3 m deep adjacent to ome tree each of E.
trivalva, E.clelandii and Casuarina cristata.

Tn addition, a specimen of Melaleuca sp. was ex-
cavated, The sides of the trenches were excava-
ted by mechanical and hydraulic metheds to dete-
rmine if vertical roots were present.

Soil Moisture and Soil Potential

Since no rainfall had occurred for 18 months it
could be assumed that the surface soil had no
available water". If available water was pre-
sent in the surface soils then water consumption
by the trees would mot necessarily have indica-
ted dependence on water stored at depth. Soil
samples were taken adjacent to each excavation
tree at 0-20 cm, 100 cm, and 200 cm. The sampl-
es were placed in containers and sealed and
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TABLE 1 Yeelirrie Study - Data Summary.
A. Species Casuarina cristata

Approximate Xylem
Time Leaf Corr;cted Stomatal Pressure

Temperature Resistance Conductance Potential
0900 24 554 15.4 6.5 -31.2
1200 (i) 28 559 15.6 6.4 -24.4

(ii) 30 574 16.4 6.1
1600 29 966 31.8 3.1 -28.6
1800 26 -* - -* -25.2
* Note: resistance too high {conductance too low) to be measured.
B. Species deacia gnewra var. latifelia

Approximate . Xylem
Time Leaf Corricted Stomatal Pressure

Temperature Resistance Conductance Potential
0900 24 * * * -68
1200 28 -68
1300 30 -68
1600 29 -68
1800 -68

% Leaf resistances could not be obtained as they were too large to be recorded by the
instrument.

C. Species Eucalyptug trivalva

Approximate Xylem
Time Leaf Corrre;cted Stomatal Pressure
Temperature Resistance Conductance Potential
0800 20 352 7.0 14.2 -25.2
1100 (i) 29 403 9.2 16.9 -30.6
(ii) .29 434 10.5 9.5 -30.6
1500 29 541 15.0 6.7 «26.5
1800 27 2139 78.0 1.2 -24.4
D. Species Eucalyptus olslandii
Approximate Xylem
Time Leaf Corr;cted Stomatal Pressure
Temperature Resistance Conductance Potential
0900 22 576 16.5 6.1 -44.8 l
1200 (i) 29 703 21.8 4.6 -44.32
(ii) 29 961 32.5 3.1
1500 30 1234 42.5 2.4 -43.8
1800 26 1604 56.0 1.8 -41.4
Resistance in seconds/cm. Conductance in cm/sec x 107Z. Xylem pressure potential in bars. l



TABLE 2  Soil Moisture Readings.

: Moisture Moisture
2i§5h ?ﬂli Content Content
P on 30.3.77 at 15 bars
0-20 Sandy loam 1.9% 10.3
100 Clay 11.7% 16.6
200 Clay 16.7% 23.6

their water moisture content was determined at
a later date in the laboratory by gravimetric
methods. Soil moisture content at 15 atmosphe-
res was determined for each soll type using the
pressure membrane apparatus (Richards and Weav-
er, 1943).

Results

Stomatal resistance, stomatal conductance (the
inverse of resistance) and xylem pressure pote-
ntial data for each of the species is recorded
in Table 1A, 1B, 1C and 1D. Mean so0il moisture
content at 0-20 cm, 100 cm, and 200 cm and the
meisture content of these spils at 15 bars is
shown in Table 2.

E.ctelandii, E.trivalva, C.cristata and the Me-
Taleuca sp. had root systems which had a prono-
unced vertical component. FE.elelandii had str-
ong vertical roots developed from horizontal
laterals within two metres of the tree stump.
These penetrated to at least a depth of 2.5 m
which was the limit of the excavation. Extens-
ive proliferation of roots in the clay occurred
almost throughout the exposed profile. There
was also evidence of the formation of vertical
roots from horizontal laterals at least &6 m
from the tree stump.

No vertical root development could be detected
adjacent to the stump of Z.trivalva. However,
a major lateral was excavated for a distance of
15 m from the base of the tree where a major
vertical root was located. The root extended
approximately 2 m to the bottom of the pit and
through a less compacted zone of calcareous
clay. At the bhase of the pit at least one of
the vertical roots was 5 cm in diemeter and
there was no indication that its vertical exte-
nsion was about to be terminated. (During ex-
cavation of this tree severed roots were ohser-
ved to yield considerable quantities of water).

The root system of Casuaring eristata was simi-
lar to that of E.clelandii although vertical
root development was not as strong and diamete-
rs of the vertical roots were less than those
of the two eucalypts. However, vertical root
extension and proliferation te a depth of at
least 2.5 m was observed. The Melaleuca sp. had
similar root characteristics to the Casuarina.

Discussion
Despite the preliminary nature of the study the

results obtained were clear-cut. The species
examined can be clearly separated into two dis-

tinct groups on the basis of their inferred wa-
ter consumption rates. The high pressure pote-
ntial and leaf resistance of A.gneura indicates
that this species is a drought-evader and isnot
using stored water. Hence, its ability to sur-
vive is not likely to be affected by reduction
of the water table.

E.trivalva, E.clelandii and C.cristata were us-
ing significant quantities of water. Levels of
stomatal conductance during the morning (i.e.

6 - 14 x 10-2 cm sec1) indicate only low to
moderate resistance to the loss of water vapour,
The sharp decrease in conductance through the
afternoon (i.e. below 2 x 10-2 em sec™13 indie-
ates a very significant reduction in the rate
of water vapour loss coinciding with stomatal
closure. Stematal closure was accompanied by an
increase in xylem pressure potential, These
species are able to sufficiently restore water
balance after stomatal closure and overnight to
enable a period of transpiration in the morning.
They can, therefore, be classified as "water
spenders'.

Soil moisture contents in the upper Z m of the
profile are lower than or egquivalent to the soil
moisture contents corresponding to 15 bars. This
level of soil potential is generally considered
to indicate the lower level of water availabil-
ity, Thus, since there are not significant am-
ounts of available water for plant use in the
upper 2 m of the profile these species must be
extracting considerable amounts of water stored
at depth in the soil profile.

The root excavations, although limited, were
sufficient to demonstrate that these three spe-
cies had an extensive vertical root system which
would be sufficient to transport water from dep-
ths.

Conclusions

This study indicates that several of the tree
species growing on the Yeelirrie lease are using
water stored at depth in the soil profile. It
is, thus, likely that they will be adversely
affected by a drop in the water table. The se-
verity and rapidity of the effect is difficult
to predict as it would depend on climatic condi-
tions, the rate at which the water table is re-
duced and the level to which it is dropped.
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