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ABSTRACT

Studies on vegetatlon and insect predation were conducted during »
the period 1982 84 at the Ridgeway Park Reserve, Tasmania. The vege-
tation of the area is eucalypt forest and woodland which varies in
composition, dominance and structure. Soil type, topography, the level

of grazing and incidence of fire also vary within the study area.

The influence of soil type on moisture availability was investigated
by comparing the vegetation on sites receiving the same incident solar
radiation. The’majority of species experience a shift in distribution
over the three soil types such that with increasing radiation the species
reach their peék frequency first on the brown earth, then on the podzolic
soil and finally‘on the podsol. This'pattern conformed to a model of
moistufe availability devised for the three soils. Species that did not
conform to the model were either particularly vulnerable to the effects
of grazing or fire, opportunists or restricted to one or other of the

 three soil types and hence a particular set of soil nutrient conditions.

The effects of insect grazing on sapling eucalypts on north and
south-facing slopes, which differed in geoldgy, were assessed by monthly
monitoring of insect damage and by deterring insects from grazing certain
*trees through the use of insecticide. Oﬁ every tree percentage damage,
.and the amount of different types of damage, leaf loss, mean shoot length,
the number of leaves per shoot and the percentage of damaged leaves,

- were measured'on the current season's shoots. A limited sample of the

same data was collected on leaves approximately one year old.

Overall, there were few significant differences in the level of
these variables between the different species and sites. Percentage
damage figures were comparatively low (7-12%) and there was no significant
difference between the species. However, damage was significantly higher -
in the most mesic, least fertile site. Percentage damage, and leaf and
shoot loss were combined to derive a figure for the total damage to each
species (29-41%). This was significantly higher in E. obliqué compared
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with the other species. .

. The patternsvof insect defoliation may have been considerably -
altered as a result of a drought experienced during the course of the
study. - Insect activities may~effect forest.community composition, but
only as part of a web of inter—relationships whose effects vary, between

the species, in space and time.
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CHAPTER 1  INTRODUCTION

The structure, composition and distribution of forest communities
in Australia have been shown to be controlled by a myriad of factors,
including soil moisture availability (Walter 1973; Florence 1964),
soil nutrient status (Moore 1959; Beadle 1962, 1966), disturbances such
~as fire (Mount 1964; Jackson 1968) and biotic factors such as grazing
(Harper 1977; Springett 1978), inter and intra-specific competition
and the origin of the seed pdol. Due to the intefactive nature of these
factors, it is difficult to determine the extent to which each controls
forest community patterns. The aim of this thesis was to isolate and
investigate, as far as possible, three of these factors (soil moisture
availability, soil nutrient status and insect grazing) in order to
determine their individual influence on the vegetation patterns in the

dry sclerophyll.forests of south-east Tasmania.

There has been some debate in Australian literature as to whether
the influence of soil moisture availability on forest community patterns
is greater than the influence of soil nutrient status and vice versa
(Florence 1968; Webb 1969). 'In Tasmania, both soil moisture availability
and soil nutrient status have been shown to be important determinants of
the vegetation patterns (Hogg and Kirkpatrick 1974). Howe?er, to date
there has not been.a comprehensive study to isolate and therefore

establish the extent of their individual influences.

In order that the influence of soil moisture availability and soil
nutrient status be effectively disentangled and the mechanism by which
they control forest communities cleafly understood, it was necessary
that they be studied in such a way that one was subject to variation,
independent of the other and then vice versa. This was accomp lished
by comparing the distribution of species over slopes differing in

geology, pedology and aspect.
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Some researchers have found the level of grazing in eucalypt

foréstsvto be very high (Burdon and Chilvers 1974b; Journet 1981)

and on occasions this has led to tree death (Mazanec 1966). A series
.of experimental studies showed that repeated heavy defoliation could
affect, amongst other things, tree height, radial growth and the

ability of the tree to withstand future attacks (Greaves 1966; Réadshaw
and Mazanec 1969). As a consequence of these studies a number of
hypbtheses were developed to explain the possible regulating or control-
ling effects of insects on forest community patterns (Chilvers and
Brittain 1972; Burdon and Chilvers 1974; Mattson and Addy 1975;
Springett 1978). However, more recent work has indicated that due to
the concentratibn of the majority of research to forests in which insect
defoliation is abnormally high, the extent of grazing and hence the
influence of insects may have been overestimated (Ohmart, Stewart and

Thomas 1983 a,b).

There is scanty information regarding the levels of insect
defoliation in the dry sclerophyll forests of south-east Tasmania and
much that‘is available has tended to concentrate on the outcome of
atypical insect outbreaks (Greaves 1966; Kile 1974). Therefore, be fore
the effects of insects on forest communities could be considered, it
was necessary to undertake a comprehensive survey of the amount and
types of defoliation among the different species of Eucalyptus in time

and space.

Although many studies have sought to determine the level of
grazing and its subsequent impact on forest communities, there have
been few attempts to predict how insect activity may vary in space and
time. Another purpose of this research then, was to detect and establish
the nature of the relationship between the environmental gradients
which contrcl not ouly insect grazing but also soil moisture availability
and soil nutrient status. By knowing how these gradients themselves
change in space and time then subsequent changes in the individual.or
collective influencé of soil moisture availability, soil nutrient status

and insect grazing may also be predicted.
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The manner in which incident radiation controls soil moisture
availability and hence species distribution patterns has been well
documented in Australia (Kirkpatrick and Nunez 1980: Harris and
Kirkpatrick 1982). How the subtle differences between soil types
modify the pattern of available soil moisture determined primarily by
the level of solar radiation, is less well understood in the dry

sclerophyll forests of south-east Tasmania.

Very little is known of how insects react to topographically-
induced variations in solar radiation receipt or to the collective
or individual influences of the many environmental gradients that may
occur in the forest (i.e. humidity, wind speed and subtle changes in
foliar nitrogen or allelochemic content as caused by changes in the
amount of available moisture). By examining the defoliation levels
of trees on slopes varying in microclimate, soil type and geology it
was hoped to gain some useful information regarding the nature of the

environmental gradients controlling insect grazing.

The thesis is divided into four chapters. The remainder of this
chapter reviews the literature on the manner in which topography (aspect)
influences the receipt of solar radiation and the general effect of
this interaction on soil moisture, and vegetation and insect community

patterns.

Chapter two examines; (1) the way in which.soil moisture avail-
ability and soil nutrient status influences the composition, distribution
and structure of plant communities in relation to changes in incident
radiation over north and south-facing slopes and (2) how the inherent
characteristics of the different soils may modify forest community

patterns still further.

Chapter three investigates; (1) the levels of grazing by insects
among different eucalypt species, (2) the effect of insects on forest
communi ty patterns, and (3) the influence of various environmental

gradients on the amount and type of grazing.



Chapter four discusses the extent of the influence of soil
moisture availability, ‘soil nutrient status and insect grazing on
forest community patterns and how these influences may change in time

and space.

1.1 THE EFFECT OF ASPECT

The effects of the variations in so0il moisture availability,
soil nutrient status and insect grazing upon the composition, distribution
and abundance of forest flora is best examined using the topographic
extremes of north and south-facing slopes. These slopes vary maximally
in microclimate which in turn affects the nature of the soils, flora
and insect fauné. The influence of aspect is discussed below in order
that the effects of the diffefences in geology and pédology between the
three hillslopes may be understood in the context of these topographic-

ally induced variations.

1.1.1 The Influence of Aspect on Microclimate

Radiation Receipt:

Incoming radiation is made up of direct-beam and diffuse-beam
short wave radiation and long wave radiation. It is.the extra-terrestrial
short wave radiation that forms the energy input into the 'earth-
atmosphere system' (Oke 1978). The amount'of direct-beam short wave
radiétion»received at a point upon the earth's surface depends on slope
angle, aspect, 1atitudé, time of day, season and topographic shading

(Geiger 1265). -

The direct-beam short wave radiation receipt on a slope (Sslopg

is a function of the incident radiation received perpendicular to the

beam (Si) and the angle (8) between Si'and the normal to the slope.
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The total radiation input on a slope may be described as follows:

Sslope - si

where D is the diffuse-beam short wave radiation. Inherent
in the angle 6 are the effects of azimuth angle (aspect) and elevaﬁion.
. The above expression describes the instantaneous radiation receipt; the
total radiation load per slope is obtained by summing the radiation
receipt ﬁer day (MJm_zdéy_l). One of the results of this interaction
is that slopes facing the equator receive more direct insolation than
those facing the poles, a relationship which is mirrored on the north-

and south-facing slopes of a hill.

Tasmania is an ideal location in which to undertake research
involving an aspect component since at middle latitudes the modification
of short wave radiation input by slope angle and aspect is at a maximum

(Holland and Steyn 1975).

Nunez (1980, 1983) developed a model of the expected solar
radiation receipt on slopes of different elevations and aspects in
Tasmania. On north-facing slopes in winter the maximum mean daily.solar
radiation occurred at slope elevations of 60 - 65°, while in summer the
maximum mean daily solar radiation was recorded on the horizontal. On
south-facing slopes.the maximum mean daily solar fadiation was recorded

- on the horizontal in both winter and summer.

These asﬁect—induced inequalities in the receipt of radiation
set up very distinct differences in the microclimate of the two slopes
such that they differ with respect to temperature, light, moisturé
‘availability (ie evaporation and humidity) and other inter-related.

factors (see below).

Temperature and Light:

As ‘a result of the differences in the radiant energy received
on north and south-facing slopes air and soil'temperatures are generally

cooler and the amount of direct light received less on the latter slopes.
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Differences in; (1) the quality, intensity and duration of
light and in (2) the seasonal and extreme temperatures, experienced on
the slopes affects the distribution and composition of plant and insect -

communities.

Moisture:

Of the environmental factors influencing plant surv1va1
development and productivity, moisture availability is probably the

most 1mportant (Rosenberg 1974).

The amount of water avallable to all organisms depends on a
\lnumber of interacting factors: solar radiation receipt, precipitation,
the vapour pressure gradient (which is in turn affected by temperature

i andfhumidity), edaphic factors (i.e. field capacity of the soil, soil
,*.téxture and structure), runoff, ground water movement, canopy inter-
'f;éeptioﬁ, and wind and air turbulence (Ayyad and Dix 1965; Jackson 1977;

 Kirkpatrick and Nunez 1980).

g . . )
(a) Precipitation

The amount of precipitation received at a point on the earth's
surface depends on its frequency, durationm, intehsity, tyﬁe and temper-
ature (Lowry 1967). North and south-facing slopes do not receive equal

- amounts - of precipitation, but there is no distinct temporal pattern of

difference.

(b) Evapotranépiration

Evapotranspiration is the loss of water to the air from soil and
water surfaces (evaporation) and from plants (transpiration). The
energy sources for these proceéses come from the radiant energy of the

. sun and the 1étent-heat energy of the leaves. A number of factors can

therefore influence the rate of evapotranspiration including (air, soil,



plant) temperature, humidity, soilvtype, soil moisture availability

‘and étomatal opening (Sabath and Quinnell 1981). It also follows

that the trends in evapotranspiration are similar to those described »
“for temperature, with maximum values occurring on the mid-upper portions

of north-west facing slopes (Ashton 1976; Kirkpatrick and Nunez 1980).

(¢) Humidity

Humidity is a measure of the moisture content of the atmosphere
(Barry and Chorley 1971). Moisture content varies with temperature and
pressure (Odum 1959), the highest values occurring at night and the

lowest during.the day.

 There is conflicting evidence as to whether any differences in
the humidity can be detected between slopes of different aspect (Ayyad
and Dix 1965).

(d) Canopy Interception

Generally the trees on south-facing slopes are taller and the
forest canopy is more dense. As a result of the increasing dense canopy..
cover on.this slope, wind speed, temperature and light at the forest

floor are reduced and relative humidity is increased. -

Mount (1972) from a study of the interception rates measured in

* several catchments throughout Ausfralia determined interception rates
for different densities of forest and'woodland'faking into account the
" density of the shrub layer as well. He proposed that the proportion of
the total rainféll'intercepted by: (1) woodlands was 37; (2) light .

forests was 47% and (3) moderately dense. forests was 5%.



1.1.2 The Influence of Aspect on Soils

Microclimate affects a whole range of inter-related pedogenic
processes including weathering, micfobial activity and nutrient cycling.
As a result of this soils on north and south-facing slopes differ with
respect to depth, textufe, pH and horizon formation. Kirkpatrick and
Nunez (1980), for'example,'found the mudstone soils on the north-facing
slopes at Risdon, south-east Tasmania, to be thinner, less well defined,
_immaturé, of a courser texture and more acidic than those on the south-

facing slopes.

As a consequence of these micro-climatically induced differences
in the properties of the soils, the water holding capacity of the soil

on the north-facing slope is lower than that on the south-facing slope.

The amount of water available for plant growth at any one point
in time depends on the interplay between a number of variables including
solar radiation receipt, evapotranspiration, air and soil temperature,
precipitation, soil texture and structure and the soil water holding

capacity.

" Soil texture (determined by measuring the size of the soil parti-.
cles) and soil structure (determined by the shape or form of the aggre-
gates comprising the soil) influence the amount and movement .of water in
the soil. For example, the larger the surface area to volume ratio of
the soil aggregates, the larger the surface area available to bind
water. Also particle size and aggregate shape influence the permeability

and therefore infiltration rate of surface water.

As a consequence of the interaction of all these factors, north
and north-westerly facing slopes have a lower soil moisture content than

those that are south and south-easterly facing. -



1.1.3 The Influence of Aspect on Flora

The topographically induced microclimatic variations between the
north and south-facing slopes affects the flora to thé extent that the
vegetation on the slopes may differ with respect to: (1) community
composition (Cantlon 1953; Shaw 1961 cited in Ayyad and Dix 1965); .
(2) species distribution (Hogg and Kirkpatrick 1974); (3) species
density {(Ashton 1976); (4) species richness (Kirkpatrick and Nunez
1980); (5) the time of shoot growth, flowering (Pook and Moore 1966);
and (6) community structure (Pook and Moore 1966; Ashton 1976; Hogg
and Kirkpatrick 1974).

1.1.4 . The Influence of Aspect on Insect Fauna

Very little research has been undertaken to establish whether
insect fauna varieé between slopes of different aspect; instead, studies
have tended to concentrate upon the density of insects or the level of
defoliation within different parts of the tree crown (White 1970a;
Lowman 1982a),the distribution of spécies.around tree trunks
(Schimitscheck 1931 cited in Geiger) or the location of iﬁsect dwellings
with respect to microclimate (Hesse 1924; Wellenstein 1929 both cited in
Geiger). Slack, Nauman and Tilley (1980) reported that the distribution
and composition of insect communities had been found to vary between

sunny and shaded slopes.

Also Hawkins and Cross (1982) found that (1) thg number of
arthropod species increased on north-facing compared with south-facing
slopes on coalmine spoils in Alabama, U.S.A. and (2) that insect density
was negatively correlated with temperatures on south-facing slopes.
Similarly, Cox et al. (1973) noted that some insects were more abundant

on slopes facing the equator.



CHAPTER 2 TOPOGRAPHIC AND EDAPHIC EFFECTS ON HIGHER
PLANT SPECIES DISTRIBUTION

The effects of incident radiation on soil moisture have been
shown to be strongly related to species distribution patterné within
areas of varying lithology in the forests of eastern Australia
(e.g. Hogg and Kirkpatrick 1974; Kirkpatrick and Nunez 1980; Harris
and Kirkpatrick 1982; Austin et al. 1984).- The close juxtaposition
of different soil types in hilly terrain at the Ridgeway Park Reserve,
provided the opportunity for an investigation of the degree to which
the soil type could influence the composition and structural diversity
of the vegetation, and shift species distributions, in a situation

where precipitation and incident radiation could be held constant.

2.1 THE STUDY AREA

The Ridgeway Park Reserve lies in the foothills of Mount
Wellington, some 7 km south-west of Hobart (Figure 2.1). The field
area fulfilled the two main réquirements of the study: (1) that the
three geologies outcropped in close proximity ensuring the climatic
regime experienced by each was similar (Figure 2.2); and (2) that
the area provided a wide range of topographic environments. The entire

area was burnt during the bush fires of 1967.

2.2 CLIMATE

Hobart experiences a temperate climate. Table 2.1 shows the
mean monthly daiiy maximum and minimum temperatufes for Grove, the
station recording temperaturé whose climate most closely approximates
that of the study area. Differences in altitude influence the temper-
ature range, with temperatures falling 0.65°C for every 100 metre rise

(M. Nunez, unpub. data). Elevational differences between the transects
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in the study area were not enough to cause large variations in

temperature between the sites.

The mean annual precipitation at The Waterworks (in the Ridgeway
Park Reserve) is 834 mm, distributed fairly évenly'throughout the year
(Table 2.2). The fieldwork was undertaken during the period 1982-33,
at which time the south-east of the State had received less than average

rainfall for many years (Figure 2.3).

2.3 GEOLOGY AND SOILS

The rocks that outcrop in the Hobart area belong to three main
groups, viz; igneous (dolerite) rocks of Jurassic age, and mudstone
and sandstone sediments of Permian and Triassic age respe;tively.
The soils that have formed upon these bedrocks are classified as the

brown earths,}podzblic soils and podzols (Nicholls and Dimmock 1964).

2.3.1 Dolerite and the Brown Earths

Dolerite is a crystalline igneous rock that has relatively few
joints. It is particularly susceptible to chemical weathering, which

causes the disintegration of the rock matrix around corestones.

The brown earth that has developed at Ridgewéy has a sand-loam
A horizon overlying a clay B horizon (Robinson 1979). The B horizon
when dry is firm to hard, and when wet is plastic (Nicholls 1958).
Below the soil is a layer of weathered bedrock, of variable depth into

which plant roots penetrate.

Boulders are scattered throughout, and over the surface of the
soil. The soil occurs on gentle to steep slopes (Loveday 1955) and a

major outcrop occurs in the midsection of the north-facing slope.



denotes the wettest and driest months.

Jan, March | April | May | June | July | Aug.| Sept.| Oct Nov. | Dec.
'gMax’Temp (OC) 22.4122.2 | 20.3 . 17.5. 14.21 11.9 11.5 12.6| 14.6 16.7| 18.2 | 20.1
.Mean = 16.9 : : . : ‘
. =} - *
lMin--Temp (QC) 9.3 9.4 8.0 6.9 4,2 2.4 2.0 2.4 3.9 5.5 ' 6.9 8.6
iMean = 5.8 ' :
TABLE 2.1 Mean monthly daily maximum and minimum temperatures for Grove at an elevation of
60m. Asterisk denotes the hottest and coldest months. :
. Jah.v Feb, | March | April | May June July'_ Aug. Sept. Oct. | Nov. Dec.
Rainfall . 58 54* 60 75 67 74 73 68 71 " 88% | 73 73
(m)- :
TABLE 2.2 : Mean monthly ralnfall for The Waterworks at an elevatlon of 160 6 metres. Asterisk

Z1
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2.3.2 Mudstone and the Podzolic Soils

Mudstone is composed of fine sediments. The heavily jointed

~ bedrock is highly fissile.

The podzolic soil which has formed on the mudstone consists of

a grey rocky loam overlying the bedrock (Robinson 1979). The soil con-

tains many fragments of porous rocks and stones, derived from the bedrock.

This makes determination of the ﬁoint where the stoney soil ends and
weathered bedrock commences very difficult, especially as plant roots

penetrate through the layers of weathered bedrock.

Rock outcrops occur occasionally on the gentle-steep slopes that
form on this bedrock (Loveday 1955), and the north-facing slopes are
covered by a layer of scree (Plate 2.5) that developed as a result of

periglacial activity during the last ice age.

2.3.3 Sandstone and the Podzols

The sediments comprising the sandstone bedrock are coarse grained.

The bedrock is highly jointed.

 The podzols that have formed on this siliceous rock consist of

a sandy surface horizon over a sandy-clay sub-surface (Robinson 1979).

In the soil a hardpan has developed, at a depth of around 70-100 cm.

Many porous rocks and stones were scaltered throughout the soil.
The slopes on sandstone vary from gentle to steep (Loveday 1955)

and rock outcrops range from small areas of exposed rocks to cliffs
»(Plate 2.1). .

2.4 METHODS

-2.4.1 Field Studies

Belt transects were located to include north-facing and south-.



PLATE 2.1: A sandstone cliff on the north-facing slope,
Ridgeway Park Reserve.
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facing sldpeé on three parent materials. As previous studies had

shown that in the southern hemisphere the most mesic vegetafion was
found on soufh—easterly facihg‘slopes and the most xeric on north-
westerly facing ones (Ashton 1976; Kirkpatrick_and Nunez 1980), the
‘transects were, as far as possible, located on NNW and SSE facing
slopes, orthogoﬂal to the contours. However some of the transects

- were adjusted from this location to ensure that the incident radiation
values on each of the parent materials fell within the same range.

The directions of the transects on the dolerite, mudstone and sandstone
were placed at 17o west of north, 170 east of north and 21° west of

north respectively, within relatively undisturbed bush (see Figure 2.2).

Following the procedure of Klrkpatrlck and Nunez (1980), contlguous
1 m2 quadrats were used to record the presence or absence of vascular
plant taxa less than 2 m tall and 1 x 5 m quadrats were used to record
the presence or absence of vascular plant taxa more than 2 m in height. 
The data were collected 'in the winter and early spring of 1983. Thﬁs »
~ some annuals and geophytes may not have been recorded and other species
had to be grouped because of the lack of suitable material for identif-
ication. Nomenclature follows Curtls (1963, 1967), WllllS (1970),
Curtis and Morris (1976).

The percentagé frequency of each taxon within gfoups of five
adjacent quadrats was determined._'The slope angle of each.quadratv
- within the groups was measured using é Sunto'clinoﬁetér, and the mean
-slope anglé for each group of Quadrats was Calcﬁlated. ~ Slope angle and
aspect were then used to establish the solar radiation receipt fdr each
group aiong the tfansect using_the insolation diagrams derived from the
solar radiation model of Nunez (1980, 1983), which estimates solar and
‘net radiation input for sloﬁes in Tasmania. The model caléulates direct
and diffuse radiation takihg into acéount direct and diffuse radiation
from a clear sky, cloud: cover, surface albedo and the sky view factor

(see Equatlons 1 and 2).

6, =I cos Z + D . : v (1)
D VF Gc a(1-VF)

._Ké’ equ. 1 * z " 3 - (2)

Io T CcOS Y




16

The model does not take into account shadow effects. However

these were minimal on the slopes covered by the transects.

Estimates of global solar radiation derived from ‘this equation
were found to be within 5% of the mean monthly values of solar radiation

monitored at Hobart airport (Nunez 1983).

Maximum:minimum thermometers were placed 10 cm above the surface
by means of wooden supports, at approximately 20 m intervals along the
transects. The maximum and minimum temperatures were recorded fort-

nightly during the autumn and winter of 1984.

Soil depth to 60 cm was recorded every 0.5 m along the transect.

- Soil pH was determined for each group of quadrats along the transect,
using a CSIRO soil testing kit, accurate to half a unit. This allowed
the soils to be analysed rapidly in the fiéld, thus avoiding the problems
associated with transportation and storage. The percentage of rock in
the soils on each parent material was estimated after examining soil
profiles exposed in quarries and road cuttings. -Soil depth and rock
content were used in deriving the water capacity of the three soils

(see beldw).

2.4.2 The Soil Model
(a) Introduction

A model was devised to compare the daily water balance of the
soils on the north-facing slopes on dolerite, mudstone and sandstone.
The model was developed from the Soil Dryness Index (S.D.I.) of Mount
(1972), which by definition indicates the amount of moisture needed.to
raise the soil to field capacity. Thus a soil with an S.D.I. of zero
is at field capacity, and one at an S.D.I. of one hundred needs 100
points of water to reach field capacity'(all equations are expressed

in points).



(b) Water Budget Relationships
The model is based upon the following equations:-
EFF = R - IN - FR (3)
where the actual or effective rainfall (EFF) entering the
soil is a function of the total rainfall (R), interception (IN) and
flash runoff (FR). |
AM = PM - EFF | (4)
where AM is the S.D.I. in the morning of day 2 and PM the S.D.I.
on the afternoon of the previous day (on day 1 this is equal to
zZero). -

PM = AM + AE - - (5)

"where PM is the S.D.I. on the afternoon of day 2 and AE the

actual evaporation from each of the three soils.
SM = SWC - PM ' (6)

where SM is the actual amouht of moisture in each of the

soils and SWC their soil water cépacity.

Thus equations 3 to 6 are solved on a daily basis and a daily
$.D.I. in the afternoon (PM) is derived. "
(c) Definition of V&riablés.

RAINFALL:

Rainfall is recorded daily at The Waterworks. It was decided to

focus upon the years 1970-74 since this time period included years of

high and low rainfall.

The model assumes that all three soils are at field capacity

17



(S.D.I. = 0) upon day 1, for this reason day 1 is taken as lIst
November, 1970, since October was a month of very high (Spring)

rainfall.

INTERCEPTION (IN) and FLASH RUNOFF (FR):

Interception and Flash Runoff are derived from the following

equations:-

IN

CD x R _ (7)

FR = CID x R (8)

where CD and CID are constants which are determined by soil

type.

IN and FR differ in each site depending ﬁpon the density of the
tree canopy and understorey. The density of the vegetation on the.
brown earths, podzolic soils and podzols:determined the "Interception
Loss Class" of each soil (C, D and E respectively) and therefore the
magnitude of water loss by interception. Accordingly the values of

0.3, 0.4 and 0.5 were taken as the proportion of the total rainfall

intercepted by the canopy (CD) on the dolerite, mudstone and sandstone

parent materials. The maximum interception (MIN) by the canopy, at
any one time, was taken as 8 points, 11 points and 14 points in these

sites respectively.

The proportions of rainfall lost as flash runoff (CID) were
0.025 upon the dolerite parent material, 0.020 upon the mudstone

parent material and 0.017 upon the sandstone parent material.

In this model it was assumed that evaporation from the canopy
is such that it dries out totally between daily rainfall events
(cf Mount's Model). On days of continuous heavy rainfall (R>MIN),
this would not be the case. In such circumstances therefore, values
of IN are artificially inflated and those of EFF underestimated. As
IN is highest on the podzols, the model is most conservative in its

estimates of S.D.I. on this soil type.

18
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SOIL WATER CAPACITY:

The soil water capacity of each of the three soils was derived
using Specht's model (1972);
1 vol; soil

SWC (Smax) ~ 100 x depth x vol. soil + rock

x bulk density
x (field capacity % - permanent wilting %)  (9)

where Smax is the maximum amount of water which can be extracted

from the soil moisture profile by a plant community.

The field capacity and soil bulk density for each soil were
~ taken from the results of Robinson (1979). Based on this data, the
browth earths, podzolic soils and podzols were given SWC values of

822, 922 and 1251 points respectively.

(d) Estimating Evapotranspiration

The actual evaporation from the soil (AE) is taken as a function
of the potential evaporation (PE) multiplied by some factor (F), which
takes into account the decreasing evaporative losses as .soils dry.

Thus actual evaporation is given as;
AE = F x PE ‘ o (10)

The model assumes PE to be equal to the measurements of pan
_evaporation. This is in contrast to Mount's Model which uses maximum

temperature to derive PE. Temperature is however, only one of the
climatié variables affecting PE, others include solar radiétion, wind
speed and humidity. Pan evaporation.is likewise effected by all these

variables and so more closely resembles PE.

As pan evaporation data was not collected in the Waterwork's
‘Reserve, figﬁres from Hobart Bureau of Meteorology wére used. It was
felt that this would be a reasonable approximation, as data plotted
from 1970 for two sites in areas around Hobart (Hobart Bureau of

Meteorology and Croye) deviated on average by 87 from one another.
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F takes the form:
F =v1.006 - 1.215(P) + 1.306(P2) -'0.995(P3) (11)

where P is the soil dryness index expressed as a percentage of
the maximum possible for that soil type. P will vary depending upon

the maximum SWC of the soils.

F was estimated by reworking Mount's data which describes the
relationship between maximum air temperature, the soil dryness index
and evapotranspiration. In this study the air temperature effect was
neglected. Instead a mean evapotranspiration rate for a range of air
temperatures was obtained. This simplification is most likely not
critical as the use of pah evaporation data already partially accounts
for the effects of air temperature. . The model therefore makes the
assumptidn that evaporation decreases, with a decline in soil moisture
lévels, in a linear manner, attaining a maximum potehtial value at field

capacity (cf Specht 1972b).

Further investigations of this relationship would be the first
priority in any future devélopment of the model. Other modifications
needed to improve the model's predictive ability include taking into
account; (1) transpiration rates, (2) capillary losses and (3) the

moisture holding capacity of the bedrock (see discussion).

2.5 RESULTS

2.5.1 Analysis of the Vegetation

The Dolerite Transect:

Figure 2.4 shows the distribution and relative abundance.of
taxa along the transect. The vegetation forms a continuum, with no
perceptible break in species composition. The north-facing slope is

covered by grassy wdodland (Plate 2.2) dominated by Eucalyptus pulchella



The north-facing slope on the dolerite hill,

Ridgeway Park Reserve.

PLATE 2.2:
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and E. viminalis, with a sparse tall shrub intermediate stratum
consisting of Exocarpos cupressiformis, Banksia marginata, and
.Bedfbrdia linearis. Some shrubs emerge from the dense grass layer,
but have low total cover. Acacia dealbata forms a shrub, no more
than 1 m high, on this north-facing slope (cf south-facing slopé).
The majority of shrubs however, are smaller than this species and
include Hibbertia riparia, Eriostemon verrucosus, and Acacia
myrtifolia, which are confined to the north—facihg slope, and
Olearia ericotides, Leucopogon virgatus, Tetratheca pilosa, Bossiaea
prostrata and Daviesia ulicifolia which extend to the south-facing

slope.

‘Other species which are restricted to the north-facing slope
include the herbs Linum marginale and Helichrysum apiculatum, and the
sedges Lepidosperma laterale and L. lineare var. inops.  The grass’
‘Themeda australis and the sedge Schoenus apogon while being predominantly

found on this slope, also extend to the top of the south-facing slope.

The south-facing slope supports open forest consisting of .
Eucalyptus pulchella, E. viminalis and E. obliqua, with E. obliqua
dominating the mbst mesic section. The dense understorey is composed of
tall shrubs (Plate 2.3) including Bedfordia linearis, Leptospermum
scoparium, Banksia marginata and Acacia dealbata. Gaps in the tall
shrub stratum have allowed the development of a dense cover of grass,
herb, graminoid and small shrub species; many are confined to this
slope, including Epacris impressa, Viola hederacea, Laginifera
stipitata, Oxalis corniculata, Ranunculus lappaceus and Dianella

tasmanica.

Figure 2.5 shows the percentage of bare ground along each of the
three transects. The south-facing slopes have a higher amount of ground
covered by vegetation than the north-facing slopes, while a comparison
of the north-facing slopes alone shows just as great a contrast between
the vegetation cover on the three rock types. The much lower amounts
of bare ground on the north-facing slope of the dolerite transect is
due to the dense covering of grasses. This predominance of grasses can
be attributed to several factors, including the higher fertility of the

brown earths (Specht 1972a; see section on 'soil fertility') and the



PLATE 2.3: The south-facing slope on the dolerite hill,
Ridgeway Park Reserve.
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Park Reserve.
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frequency and intensity of fire on the dolerite site. The dolerite

is subject to frequent hazard reduction burns of low intensify, These
burns déétroy the aerial parts of grasses, but not their root stock.
Consequently such a fire regime favours the regeneration of the predom-

inantly grassy understorey (K.J.M. Dickinson, pers. comm.).

The openness of the tree stratum on the north-facing slope on
dolerite is probably largely due to the interaction of fire with slow
tree growth rates on shallow soils which favour grasses. The native
grasses are highly flammable ﬁnd can and often do burn at intervals of
less than two years; This time period is insufficient to allow tree »
seedlings to become tall enough, and to devélop thick enough bark to
avoid being set back to ground level. General observation suggests that
most trees up to 18 years old are set back to ground level on these
sites, which can become forests rather than woodlands if there is é
sufficient fire—free interval. Successful tree establishment may be
partly related to the deeper soils formed on weathered joints in the -
bedrock, as the summer moisture deficit might not be as restrictive to
growth in these sites than’bn shallower soils. .For example Florence
(1965), found that the tree species Eucalyptus pilularis (Blackbutt),
was confined to niches of fractured rock and deeper soil on slopes in

the Blackall Ranges; where the soil covering was immature.

Shrubs on the north-facing slope of the dolérite transect tend to
be concentrated in areas where rock is exposed (Plate 2.4). Here the
fibrous roots of the grasses are unable to become established, while
the root system of shrubs (a tap root plus 1aterals) are able to
penetrate the clefts between the rocks to the soil below (Walter 1973).
It is probable that these clefts also tunnel water, 1ncrea51ng the

moisture content of the 5011 immediately beneath them.

The Mudstone Trdnsect:

The transect was made of sections sampled from the upper, middle
and lower parts of the north and south—facing slopes (Figure 2.2).
The brow of the hill was subject to hazard reduction burns in 1979 and

1 1984.
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PLATE 2.4: The concentration of shrubs to areas where rock outcrops
on the north-facing slope of the dolerite hill, Ridgeway
Park Reserve.



The north-facing slope (Figure 2.6) is covered by low open- °
forest of Eucalyptus,tenﬁiramis,'E.,obliqua and E. viminalis (Plate
2.5). There is a sparse layer of shrubs (Acacia dealbata, A. genisti-
folia, A. verticillata, Exocarpos cupressiformis and Leptospermum
scoparium); underlain by grasses, sedges,-hgrbs and small shrubs, both

layers increasing in cover with increasing moisture availability.

Changes in species composition and abundance occuf gradually
across the transect. waevér, several species afe confined to the _
horth-facingvslope, including the shrubs Acacia myrtifolia and Marian-—
thus procumbens, the herbs Goodenia lanata and Xanthosia pusilld and

' the graminoids Gahnia radula and Lomandrq'longifolia{

Upon the south-facing slope, an open-forest dominated by
Eucalyptus obliqua and E. viminalis is.underlain by .a dense téll shrub
“stratum (Plate 2;6) composed of broad leaved and sclerophylloﬁs species
which include Hakea lissosperma, Pomaderris elliptica, Bedfordia

linearis, Coprosma quadrifida and Pultenaea daphnoidés,_all confined to
this slope and Acacia dealbata and Exocarpos cupressiformis. Where
the shrubs are less dense on the upper parts of the'south-fécing'slope,
herbs, grasses and small shrubs form what is:sometimes;a_dense ground
stratum. Taxa prominent in this stratum include Haloragis teucrioides,.
H. tetragyna, Stylidium graminifolium,.Tetratheca glandulosa, Pultenaea
gunnii, P. daphnoides, Aotus ericoides, Epacris impressa, Orchids and

Pteridium esculentum.

' The Sandstone Transect:

The vegetation was sampled along fhe-upper, middle and lower
sections of the south-facing slope and along the ﬁpper—middle and
middle-lower sections of the north-facing slope (Figure 2.2). The

area in the lower sections of the north—fécing'slope was so altered

in character, as a result of disturbancé, that it could not be included
in the transect.’ This break in the sampling‘is responsible for the

fapparently sharp vegetation change where the two slopes join (Figure 2.7).
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The north-facing slope on the mudstone hill,
Ridgeway Park Reserve.

PLATE 2.5



The south-facing slope on the mudstone hill,

Ridgeway Park Reserve.

PLATE 2.6:
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Eucalyptus obliqua and E. tenuiramis dominate the open-forest

on the north-facing slope (Plate 2.7). The sparse open-heath under-

storey includes Leucopogon spp., Tetratheca glandulbsa, Amperea
xipﬁo¢lada, Aotus' ericotides, Lepidosperma concavum, Lomandra longi-
folza, Gahnia radula and Haloragis tetragyna, which are confined to
the north-facing slope and Epacris impressa, Stylidium gramihifolium,
Wahlenbergia spp., grasses, Orchids and Pteridium esculentum. There
is a sparse tall intermediate stratum comprising Exocarpos cupressi—

formis and Banksia marginata.

"The tall forest on the south-facing slope is dominated by
Eucalyptus obliqua (Plate 2.8). This species is underlain by a tall
dense canopy of trees and tall shrubs including Bedfordia linearis,
Olearia argéphylla, Asterotrichion discolor, Pittosporum bicolor,
Qxylobium ellipticum and Coprosma quadrifida,»which are confined to
the south-facing slope, and Acacia dealbata. Some herb, grass and
graminoid speéies plus a few small shrub species are found on the
forest floor, but they are of low cover. These include species whose
distribution is restricted to the south-facing slope such as Geranium
sp., Haloragis teucrioides, Galium sp., Dianella tasmanica, Diplarena

moraea, Luzula sp., and Goodenia ovata.

The prevalence of orchid species on the sandstone and mudstone
transecﬁs is due to the large amount of bare ground (Figure 2.5).
Orchids will only become established and grow where there is no
competition from other plants for available resources. This also

explains their paucity on the dolerite site.

Strucfural differences between the vegetation types, with aspect
and lithology, include changes in community height and the number and

density of strata.

Specties Richness:

The non-parametric Mann Whitney test was used to compare species

richness of § m2 quadrats between slopes of different aspect and rock

28



The north-facing slope on the sandstone hill, Ridgeway

Park Reserve

PLATE 2.7



The south-facing slope on the sandstone hill,

Ridgeway Park Reserve.

PLATE 2.8:
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type (Table 2.3). The null hypbthesis was that no differences in
~~ species richness occurred between the slopes and the rejection level

- was set at P¢0.0§5.

, The difference in species richness between the north and south-
facing slopes, is highest on the dolerite hill, and least on the mud-
stone hill. Dolerite has,the highest Species richness on both north

- and éouth—facing slopes. To ensure these differences were not an.
artefact of the size of the>sampling unit, species area curvés were
drawn for all three transects (Figure 2.8), and the 5 2 saméling units

were found to be larger than the minimal area.

The total number of species found on the north-facing slope of
the sandstone transect represents 55.4% of the total number of species
found over the whole transect. This figuré is much lower than those
for the north-facinglslopes on the dolerite (72.0%) and mudstone (71.4%)
transects, while a comparison of the south-facing slopes shows the-
- number of species (expressed as a percentage of the total number of
species found over the whole transect) on the sandstone (67.8%) and
mudstone (67.5%) transects to be lower than that of the south-facing
slope on the dolerite transect (85.3%).

Life Form Analystis:

Table 2.4 shows the changes in lifeform between slopes of
different aspect and rock type. The dolerite transect was found to
contain a much higher percentage of grass, graminoid and herb species,
and a much lower percentage of trees and tall shrub species when com- '
pared with the mudstone and sandstone transects. The percentage of -
grasses on the north-facing slope of the dolerite transect is an under-
estimation of reality since this slope contained many more species than

could be identified.

The ecological factors that influence the abundance of each life-
form on slopes'of different aspect and rock type are the subjeét of

future analysis (see section on vegetation - radiation relationships).
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SPECIES RICHNESS

SOUTHERN A

SPECT NORTHERN ASPECT

D 28.94 -32.71
ALL SPECIES M [El6.79 15.31 —
s 16.7 19.88
D 4.12 - 2.53
TREES & TALL SHRUBS M '3.79 3.19
s 3.56 3.08
D —5.65 9.65
SMALL SHRUBS M —5.21 4.9
s 3.78 - 6.08 —
D 710.18 8.82
HERBS M 3.00 2.62 —
s L—3.30 4.56
| D 3.41 4.88
GRASSES M 1.71 1.65
s L—2.20 1.8 —
D 3.82 4.82
GRAMINOIDS M L 0.54 0.88 —
s 1.41 1.68
D - -
FERNS M 0.46 -
s 0.89 0.64

TABLE 2.3: Comparison of the species richness for each lifeform
between sites differing in aspect or lithology (no cross
comparisons were made between the species richness on
sites differing in aspect and lithology). Significant
relationships (P>0.05) denoted by a line. D = dolerite,
M = mudstone, S = sandstone. (The Graminoid category
excludes the Grasses).
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Mean .n'o. _of. spec_ie_s, expressed as a percentage
of the total no. of species, on each slope.
SOUTHERN ASPECT NORTHERN ASPECT
. - D 14.24 1 7:73
TREES & TALL SHRUBS M 22,57 : 20.84
' S 21.32 ' ~15.49
v D '19.52 . : 29.50
SMALL SHRUBS M 31.03 ©32.40
' ' S 22.63 ‘ - .30.58
, _ p | - 35.18 S 26.94
| HERBS . M 17.87 B R 17.11
' S 19.76 ' 22.94
| D 11.78 ' 14.92
GRASSES x M 10.18 . 10.78
'S - 11,98 =~ - | . .9.26
A . D 13.20 - 1474
GRAMINOIDS M 3.22 _ ' - 5.75
: 'S 8.44 S _ 8.45
: o D 0.00 0.00
FERNS ‘ M| 2.74 0.00
' S 5.33 3.22

TABLE 2.4: Analysis of lifeform between slopes'of'different asbect
and lithology. D = dolerite transect; M = mudstone.transect
and S = sandstone transect. : ‘ ) ‘



Floristic Variation:

The similarity between the north and south-facing slopes of

each transect was quantified using Sgrensen's community coefficient

(Sérensen '1948);
2Mw

ISMo = Mo ms X 100
Two groups of five adjacent quadrats were compared, one from
the north-facing slope and one from the south-facing slope. The com-
parison made using presence-absence data were between{ (1) the groups
sampled at the bottom of each north and south-facing slope, and (2) the
group receiving the lowest radiation receipt on the south-facing slope,

and that receiving the highest radiation receipt on the north-facing

slope.

The results (Table 2.5) show that approximately one third of the
total number of species found along each transect occurred on both the
north and south-facing slopes. Thus the distribution of the remaining
(two thirds) species was determined by topography; i.e. differences in
the receipt of solar radiation. The value of 28.6% obtained from
comparing the groups of quadrats at the bottom of the north and south-
facing of the sandstone transect may be artifically deflated because of

the break in sampling at the bottom of the north—faéing slope.

Quantitative Analysis of Species‘Distribution Between Sites: -

The number of species found only on the dolerite and mudstone
transects, the dolerite and sandstone transects, and the mudstone and

sandstone transects were 4, 10 and 24 respectively.

The distribution of each species on a particular aspect was
placed into one of four categories depending upon whether it occurred
in; (1) the dolerite and mudstone transects, (2) the dolerite and sand-
stone transects, (3) the mudstone and sandstone transects or (4) in all
three. A further division was made (see Table 2.6), of those species
restricted to the one aspect on both rock types (column 2) and those

species (column 1) which may occur; (1) on both aspects in one of the
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Bedrock

Comparison of groups (of quadrats) at

Comparison of groups (of quadrats) receiving

* the highest radiation receipt (i.e. on the

the bottom of each north and south— north-facing slope) and the group receiving
facine slope the lowest radiation receipt (i.e. on the
g pe- south-facing slope).
DOLERITE 34.5% 35.5%
MUDSTONE 32.4% 38.5%
SANDSTONE 28.6% 34.5%

TABLE 2.5: The percentage similarity of the north and south-facing slopes on the dolerite, mudstone and

sandstone hills, Ridgeway Park Reserve.

Ve



D-5 M- D-M-S8
No. of No. of No. of No. of No. of No. of No. of No. of
species species species | species ‘species species species species.
found on | restric- | found on | restric- found on| restric-| found on restric~-
this ted to this ted to this  ted to this ‘ted to
aspect the .one aspect the one aspect the one aspect the one
on both aspect on both | aspect on both aspect on both aspect
rock on both rock on both rock ~on both rock types| on both
types rock typs rock types. rock rock
: types. types. types. types.
North
facing 3 1 5 1 14 - 4 21 0
slope '
South : .
facing 5 0 9 3 17 10 20 3
slope ' '
TABLE 2.6:

The number or species found on a particular aspect and. comblnatlon of rock types.
= dolerite, M =

mudstone and S = sandstone.

13
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two rock types or (2) on all three rock types, but only in two was
it on the aspect under consideration. The results (Table 2.6) were
then expressed as a percentage of the total number of species

occurring on that rock type (Table 2.7).

The south—facing slopes, in all the combinations of rock type,
are more alike than the north-facing ones: i.e. there is a tendency
for the vegetation to converge on these slopes (cf. Hogg and Kirk-
patrick 1974). The sites that share the least number of species are
dolerite and mudstone, while those with the highest number of>species
in common are mudstone and sandstone, a trend that was found on both
the north and south-facing slopes. In all situations approximately
a third of all species on a particular rock type were found on the
~other two. Therefore, two-thirds of the species were restricted to
pérticular lithologies which implies that their distribution was
dependent upon one or a combination of several ecological factors
including soil moisture availability, soil nutrient status, and

grazing.

2.5.2 Ecological Factors Influencing the Forest Communities

Radiation Receipt:

Figureé 2.9, 2.10 and 2.11 illustrate the radiation receipt for;
(1) the solstice months of June and December, and (2) for thé whole
year, along the dolerite, mudstone and sandstone transects réspectively.
The highest values of radiation occur in December, on the nofth—facing
slope, and the differences in radiation receipt between the three

slopes are least in this month and greatest in June.

The dramatic difference‘bétween.the radiation receipt of the north
and south-facing slopes on the mudstone and sandstone transects is an
artefact of the location of the transects. Over a hillslope, the changé
will be one of gradual decline from the north to the south-fécing slope,

as is shown for the dolerite transect (Figure 2.9).

The radiation receipt in December for some of the sites along

the north-facing slope of the dolerite transect is low because of the



| D-M D-S M-S D-M-S
Y5 - — T . ' _
. %{.» Column 1| Column 2 |Column 1l [ Column 2 | Column 1 | Column 2 |Column 1 | Column 2
<Z) U)J(-)’ No. o!'species No. of species|No. of species|No. of species |[No. of species No.‘ of species [No. of species|No. of species
- @ Q] restricted to | found on this ‘[restricted to [found on this lrestricted to |{found on this |restricted to |found on this
'r_u‘ 8 (g the one aspect| aspect on both|the one aspectiaspect on both|the one aspect{aspect on both [the one aspect|aspect on both
4 @ | on both rock | rock types. on both rock [rock types. on both rock |rock types. on both rock |[rock types.
8 %b‘ types. types. types. . types. .
o
% 541" 5.6 1.9 9.3 1.9 - - 38.9 -
)]
g ‘
a 55 5.4 1.8 - - 25.4 7.3 ©38.2 -
o | M
“
v 49 - - 10.2 . 2.0 28.6 8.2 42.9 -
Z- S
g 64 7.8 - 14.1 4.69 - - 31.3 4.7
o} D :
ﬁ
o .
s 52 - 9.6 - - - 32.7 19.2 38.5 . 5.8
0 M
& _
§ 61 - - 14.8 4.92 27.9 16.4 32.8 4.9
o) S : ' A .
[}

TABLE 2.7:

= dolerite, M = mudstone and S =

- sandstone.

The number of species, found on a partlcular aspect and comblnatlon of rock types,
expressed as a percentage of the total number of species on each slope
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steep angle of the hillslope at these locations (i.e. where rock

outcrops).

Air Temperature:

Figure 2.12 shows the mean maximum and minimum temperatures
recorded along the three transects during the winter of 1984.

Temperature varies only slightly between sites and aspects.

Sotl Depth:

Figure 2.13 shows the depth of,thé soils along the three transects.
The soils on the south-facing slopes of all three sites were déeper than
those on the north-facing slopes. The podzols on the sandstone bed- V
rock were the'deepest of the three soils, while the brown earth was

the shallowest.

Soil depth (and the proportion of fines in the soil) usually
increases downslope because of the downward movement of the soil
.particles (McColl 1969). However, the podzolic soils on the mudstone
bedrock appear to become shallower towards the bottom of the north-
facing slope. This is probably due to disturbance of the ehvironment,
as many paths and tracks criss-cross the base of the slope which adjoins
‘an area of private housing (this was taken into account when deriving
mean soil depth, on the north-facing slope of the mudstone transect, for

use in deriving the soil water capacity of this soil).
Rock Content in Soils:

Rocks reduce the amount of water that can be held by a given
volume of soil. Thus, as the rock content increases in a soil, the
depth of penetration by a given volume of water also increases (see

discussion).

The percentage rock conteénts of the brown earth, podzolic soil
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and podzol were 20%, 36% and 12% respectively.

Sotl Nutrients:

Soil pH may be used as an approximafe guide to the fertility
of a soil because of its effects upon; (1) the amount of nutrient
release by weathering, (2) the solubility of nutrients and (3) the
“number of nutrient ions stored in the soil (Buckman and Brady 1960;
‘Thompson and Troeth 1973). Slightly~acid soils are generally the
most fertile (Briggs 1977), and most plant nutrients are available to
plants within a range of 6.5 - 7.5 (Thompson and Troeh 1973). Hence,
the browth earth, with a pH of 6.0 — 7.0, is likely to be the most
fertile of the three soils (Figure 2.14).

The soils on south-facing slopes are usually more acid than those
on north-facing slopes due to, amongst other things, the higher rate

of leaching, and the increased amounts of organic matter upon them.

The podzols and brown earths may deviate from this expected

. pattern because of the greater abundance of broad leaves species
on the south-facing slope, which may add bases to the soil, and/or the

methdd of sampling. ' The pH of the podzolic soils was measured from
samples taken from relatively deep in the profile because hazard reduction
burns had altered the nature of the soil near the surface. The podzols
and brown earths, however, were sampled from just beneath the humus layer,
a part of the profile in a continual state of flux. Here, the rate of

. decay of organic matter, the release of organic acids and nutrients into
the sbil and the rate of 1eaching is continually changing, probably

causing pH to vary in space and time.

The Soil Model:

‘ The modelled daily values of soil moisture (SM) for each of the
" three soils were compared at twenty day intervals (Figure 2.15). The
peaks -in SM correspond to the period durihg which most rain'fallé,

Winter and Spring.
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During years of "high" rainfall the difference between the
soils was at a maximum. 1972'aﬁd 1973 were years of low rainfall
" and it was during these years that; (1) the amount of watér in all .
three soils was low and (2) the difference in the amount of water
between the soils was negligible, so much so that the pattern estab-
lished in years of high rainfall (namely the podzol and the brown
earth being the wettest and driest soils respectively) was occasionally

altered.

Histograms were plotted, showing the number of days thét the SM
fell within each class interval, for all threebsoil types (Figure 2.16).
This illustrates that the soil subject to the greatest amount of dryness,
that is the one with the highest number of days in which the SM falls
between 0-50 points, was the brown earth on the dolerite bedrock. The
histograms also show a close similarity between the values of SM for
the brown earth and podzolic soils (see Discussion). However, the rahge
of values for soil dryness were much larger in the podzolic.soil. Thus,

the podzolic soil was generally wetter than the brown earth.

In the sample taken, seventy-seven comparisons were made between
the daily SM of the three soils. The SM of the podzol in all cases
was higher than that of the podzolic soil, and in 90.9% of the cases
higher than that of the brown earth. In 64.9% of the cases the SM of
the podzolic soil was higher than that'of the brown earth. These
results were.compared statistically using the x2 test. The null
.hypothesis_stated that there was no difference in the SM between the
soils, and the rejection level was set at P<d.05. The null hypothesis
was rejected with daily values of SM for the podzol being significantly
“higher than those of the podzolic soil and the brown earth. In turn,
the daily valugs of SM for the podzolic soil were found to be'signific-k

antly higher than those for the brown earth.

2.5.3 Relationships Between Vegetation and Radiation by Substratum

To determine the nature of the differential effect of the three
soils upon species distribution, the values of radiation received by

the transects in three periods (June, December and Annually) were divided
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into classes and the mean frequency of every species on each soil type
was derived for that class. The class intervals were determined so as

to ensure at least a number of cases in each class on each rock type.

Any species with a frequency of less than 10.0 in all three
radiation classes was not included in the main analysis. Thus, 17 of
the 37 species that occurred on all three transects were treated separat-
ely (henceforth these species will be referred to as Gz species and
those species with a frequency of more than 10.0 in all three radiation

periods as G, species).

Figure 2.17 (a-f) shows the mean frequency of selected species
with increasing radiation. The response of each species was then
"classified" according to the order in which the species frequency
peaked between the rock types (see Tables 2.8 and 2.9). For example,
comparing the response curve of Epacris impressa between the three
transects (see Figure 2.17b) shows that the curve upon the dolerite
transect (D) reaches its peak at a lower level of radiation in the June
and Annual radiation periods compared with the curve upon the sandstone
(S) and the mudstone (M) transects, and that the curve upon the sandstone
transect peaks at a lower level of radiation than that on the mudstone
transect. Thus, Epacris impressa falls into the classification D-S-M

for these two radiation periods (see Table 2.8).

For most‘species the total response curve was incomplete and in
many instances there was not enough information to determine the order
of peaking between thé rock types. For instance, Bedfordia linearis
reached its peak frequenéy on the dolerite and mudstone transects.in
the same radiation class interval. In the final analysis, when the
response of a species between rock types was placed into one of six
classifications (M-D-S, M-S-D, D-S-M, D-M-S, S-M-D, S-D-M), a specieé
whose response was tied as in M+D-S, was classified with half peaking

in the order M-D-S and half in the order D-M-S.

Table 2.10 shows the number of (Gl) species whose response to
increasing radiation between the three soils, follows each of the six
combinations. The likelihood of a species peaking in one or other of

the combinations was compared statistically using the‘x2 test. The data
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JUNE RADIATION

DECEMBER RADIATION

ANNUAL RADIATION

n_e |Poa spp.’ - . -
M-D-$ Co- : Eucalyptus viminalis -
MUDSTONE M-S-D’ - - Acactia dealbata
M-D+S |Cassinia aculeata Cassinia aculeata _ - .
: - - Haloragis tetragyna
Bedférdia linearis Bedfordia linearis Bedfordia linearis
» - R Geranium spp.
M+D-S | Gramineae - - ’
Haloragis tetragyna : - -
- : Moss . - : :
Stylidiun graminifoliun | Stylidiun graminifoliwn | Stylidium graminifolium
- Epacris impressa -
D-M-S. - Gramineae .
- - Lomandra longifolia
Epacris impressa - Epacris impressa
D-5-M - T Leptospermun scoparium -
DOLERITE . - Lomandra longifolia -
Eucalyptus obliqua - - -
Eucalyptus viminalis - Fucalyptus viminalis
- o - -Gramineae
D-S+M | Goodenia lanata - Goodenia lanata
Leptospermum scoparium - - Leptospermum scoparium -
Lomandra longifolia - -
‘D+S-M Geranium spp. - - .
Haloragis teucrioides Haloragis teucrioides Haloragtis teucrioides
S-D-M_ - - -
SANDSTONE . | S-M-D_ - - -

S~D+M

Danthonia spp.

Danthonia spp.

Goodenia lanata

Danthonia spp.
Daviesia ulicifoltia

Lichen

S+M-D

Acacia dealbata

‘Acacta dealbata

Poa spp.

Casainia aculecata

S+M+D

Daviesia ulieifolia
Dianella tasmanica

Daviesia ulicifolia
Dianella tasmanica
Eucalyptus obliqua
Geranium spp.
lialoragis tetragyna
Lichen

Poa spp.

Dianella tasmanica
Eucalyptus obliqua

Moss .

TABLE 2.8:

The order in ‘which, with increasing radiation, each (G )v

species. reaches its peak frequency on the rock types.

D = dolerite transect, M-

transect. o

56

= mudstone transect, S = sandstone
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JUNE RADIATION

DECEMBER RADIATION .

ANNUAL RADIATION

Prasophyllum spp.

Senecio linearifolius

. Stipa

M-D-S - -
. M-s-p | -Coprosma quadrifida Coprosma quadrifida Coprosma quadrifida
MUDSTONE - Exocarpos cupressiformis -
- | Helichrysum dendroidewn {llelichryswn dendroideun |Helichrysum dendroideum
M~D+S T~ Prasophyllum spp. - )
: - Stipa spp. -
Dianella revoluta - Pianella revoluta
. Pterostylis spp. - Pterostylis spp.
M+D-S | Ppasophyllun spp. - -
Pultenaea juniperina - -
- - Senecio spp.
Bankstia marginata . - Banksia marginata
- Pterostylis spp. -
D-M-S - . Pultenaea juniperina Pultenaea juniperina
Senecio spp. - : -
- - Wahlenbergia spp.
DOLERITE | p-s-M - - -
Astroloma humt fusum ) - Agtroloma humi, fusum.
. - ’ Banksia marginata - .
D-S+M | Helichrysum scorpioides. - Helichrysum scorpioides
Stipa spp. - ) -
Viola hederacea . Viola hederacea -
—_— - Wahlenbergia spp. -
_ Galium spp. - Galium 8pp.
D+S-M Wahlenbergia spp. - -
S-D-M - Galium spp. -
SANDSTONE . | S-M-D - - -
- Dianella revoluta - .
S-D+M : : .
- - Exocarpos cupressiformis
- Astroloma humifusum -
- Helichrysum scorpioides -
S+M-D | Eucalyptus pulchella - . "7 |Eucalyptus pulchella
- . Senecio linearifolius Senecio linearifolius
- Senecto spp. -
- .. |Eucalyptus pulchella -
Ezocarpos cupressiformis - o - -
S+M+D -

spp.
Viola hederacea

TABLE 2.9: -

The order in which, with inéreasing radiation, each (Gé)

species reaches its peak frequency on the rock types.
D = dolerite transect, M = mudstone transect, S = sandstone

transect.
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were grouped into those species which with increasing radiation first
‘reached their peak frequency upon; (1) the mudstone transect, (2) the
dolerite transect and (3) the sandstone transect. This was necessary
in order that the expected value be greater than 5 in 100% of the cases
and therefore the results of the testvvalid (Mueller-Dombois and
Ellenberg 1974). The null hypothesis was that there was no difference
in the response of a species, to the radiation receipt, on the three
soils (the brown ea%ths, the podzolic soils and the podzols). All
three radiation periods were subjected to the analysis and the rejéction
level was set at P>0.05. None of the results were significant, yet
the trend in all three radiation periods was for more species (45.6%)
to reach their peak frequency‘at lower levels of radiation on the

dolerite transect compared with the mudstone and sandstone transects.

When the G2 species were inclﬁded.in the above analysis, none of
the results were significant at P>0.05 although the x2 value of 9.70
for the June radiation perlod was significant at P<0.10. More species
responded to increasing radiation in the order D-M-S, than to- any other
combination (see Table 2.11) and again the trend was for more species

to peak upon the dolerite transect first (45.0%).

Due to the method of dealing with species (G1 plus Gz) whose
response was tied between rock types (i.e. D+M-S, M+S-D and S+D-M)
there may have been unnecessary distortions in the frends. So the x2
analysis was performed again, with these species excluded (Table 2.12).
Those speciés which peaked first on .one rock type and whose response
was identical for the other two rock types (i.e. D-M+S, M-D+S and S-D+M)
were included in the analysis because again, the data set had to be
grouped into three to ensure the vélidity of the test (see conditions of

first X? analysis).

The X2 value of 11.41 for June was significant and the null

hypothesis (see description of first xz analysis) was rejected. The

X2 value of §5.25 for the annual radiation period, just failed to be

significant (0.05<P30.10)



JUNE RADIATION - DECEMBER RADIATION : ANNUAL RADIATION.
Column Column’ Column '~Column Column Column Column Colﬁmn Column’
1 » 2 . 3 R 2 3 1 2 .1 3
M-D-S 4.17. I 4.00 | L 2.50 - S
M 5.84 (29.20%) | - - 6.50 (32.50%) Co - 5.50 (27.50%):
M-S-D 1.67 2.50 o ' - 3.00 : '
D-S-M _ 5.17 . - | 3.530 ) . . 4.00 : o
‘D - -2 10.34 (51.70%) * o 8.00 (40.00%)*.|. - 9.00 (45.00%) *
D-M-S) 5.17 _ 4.50 ‘ . ' 5.00 S o
S-M-D 1.67 - { 3.00 : _ . 3.00 o :
- .0 S - - 3.84 ° (19.20%)" . 5.50  (27.50%) 5.50 (27.50%)
S-D-M o 2.17 ' R 2.50 2.50

TABLE 2.10: Number of G, species that with increasing radiation peak in each of the combinations of
' .. rock types,tColumn'l). Data grouped to show number of species that peaked first on each
transect (mudstone, dolerite or sandstone; Column 2). This figure is represented as a o
percentage (Column 3). Asterisk denotes when the majority of species peak on the dolerite
‘transect first. M = mudstone transect, D = dolerite transect, S = sandstone transect. -

'
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JUNE RADIATION DECEMBER RADTATION ANNUAL RADIATIQN  
Column |Column {Column ' Column Column [Column Column | Column |Column
1 2 3. 1 2 3 ' _ 1 2 3
M-D-s) . | 7.00 L 5.67 ) | s.83) o
o M ¢ 11.00.  (29.73%) : 13.84  (37.41%) 11.66.  (31.51%)
M-S-D 4.00 - ' - 8.17 e 5.83 ' o
. \ v
.| D-s-M 8.50 ). ' o 5.17 ) . : : 5.83
;. ¢Db 20.00  (54.05%)* 13.34 (36.05%) - 16.66 (45.03%) *
D-M-S 11.50 - | 8.17 . : 10.83 o o
S-M-D ) = 2.50 B} I 5.67 . ~4.83 -
s ‘ 6.00 . (16.22%) 9.84  (26.59%) - 8.66  (23.41%)
S-D-M 3.50 : ' 4.17 - 3.83 ) :

TABLE 2.11: Number of G, plus G, species that with increasing radiation peak in each of the combinations
of rock types (Column 1). Data grouped to show number of species that peaked first on each
transect (mudstone, dolerite or sandstone; Column 2). This figure is represented as a
percentage (Column 3). Asterisk denotes when the majority of species peak on the dolerite
transect first. M = mudstone transect, D =.dolerite transect, S = sandstone transect.

09



JUNE RADIATION DECEMBER RADIA_TION ANNUAL RADIATION
Column | Column | Column Column |Column Column Column |Column |Column |
1. 2 3 1 2 3 1 2 3
M-D-S ) 2.00 - 3,00 2.00 |
M _ - 4.00 (23.53%). | - 7.00 (35.00%) 5.00 (25.00%)
M-S-D ). 2.00 ) : 4.00 . : 3.00 :
D-S-M 5.50 ) » . 3.50 | | 4.00 ) S
i D 12.00 (70.59%) * 9.00 (45.00%) * 11.00 (55.00%) *
D-M-S 6.50 ' : 5.50 : i 7.00 _
S-M-D ) - . 0.50 ) .. 1.50 ) - | | 2.00 3 3
: S 1.00 = ( 5.88%) 4,00 . (20.00%) ¢ 4.00  (20.00%)
S-D-M 0.50 : | 2.50 2.00 )
- TABLE 2.12: Number of selected species (i.e. those whose feSponsé was not tied between rock types),

‘that with increasing radiation peak in each of the combinations of rock types (Column 1).
Data grouped to show number of species that peaked first on each transect (mudstone,
dolerite or sandstone; Column 2). This figure is represented as a percentage (Column 3).
Asterisk denotes when the majority of species peak on the dolerite transect first. -

M = mudstone transect, D = dolerite transect, S = sandstone transect.

19



Table 2.13 shows the response of each lifeform to incréasing
- radiation on the three ‘soils. The Table - shows the. response of GI’
and G plus G2

51derat10n of the G -species, the number. of lifeforms that follow the

species for all three.radiation periods. From a con-

'trend' of peaklng at a lower level of radiation on the dolerlte
compared'to the mudstone and sandstone transects, was 4, 2 and 3 in
. June, Decéember and in the AnnuallRadiation period respectively. The

figures fcr the Gl plus G2 species were 3, O end 4 respectively.

Fcr the.G1 species, the shrubs and graminoids follow this 'trend'
in all three radiation periods, the herbs in two radiation periods,

_ and the ‘trees and tall shrubs in one. For the G1 plus G species, the

_ trend is 1ess apparent while the grasses do not follow 1t at all (see

'Jf’Dlscuss1on)

Invgll the analyses, the trend was most weaklf expressed~in the
December radiatich period. Yet during'this month the Vegetaticn is
subJected to very hlgh temperatures and water def1c1ts. The fact that
no significant trends were found may simply be because the differences
in the December radiation recelpt between north and south—fa01ng slopes
.are very small compared with those_for'June or the year (see Figures
2.9, 2.10 and 2.11), and the summer water deficit'may be 1argely a
product of the effECts of winter and ‘spring radiatieh patterns on

evapotranspiration.

2.6 DISCUSSION

2.6.1 Determination of the Ecological Factor(s) Contrclling
Forest Community Patterns

~ The results show that the distribution of specieS'in this study
‘area is related to the pattern of solar radiation receipt on all three
sites, or rather-to'an environmental variable, controlled by incident
radlatlon, whose expression. 1n the environmént is therefore merely a

.reflectlon of the pattern of solar‘radlatlon receipt.” Many spec1es reach
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their maximum frequency at a lower value of incident radiation on the
dolerite compared to the mudstone and sandstone sites. In turn, species
on the mudstone site reach their maximum frequency at a lower value of
solar radiation receipt than those on the sandstone site. Furthermore;
the environmental variable(s) determining the vegetation patterns also
influence the composition and structure of the communifies(section 2.5.1).
From the comparison of variables such as species richness and the percen-
tage of each lifeform on the different aspects and lithologies, the mud-
stone and sandstoné transects were the most alike, and the dolerite the

most different.

The ecological factors examined to determine which was probably
responsible for controlling the shifts in species distribution pattérns
in relation to radiation receipt included; soil nutrient status, the

' teﬁberature received 6n the slopes, soil moisture availability and

grazing by insects (see Chapter Three).

Incident radiation does not directly affect soil nutrient status
and furthermore the shift in species distribution between the three sites
was caused by a factor (henceforth called the primary environmental
variable) that was most limiting on the dolerite site and least limiting
on the sandstone site. The pattern of soil fertility; i.e. the most and
‘least fertile soils being the brown earths and podzols respectively,
could not, therefore, possibly account for the observed shifts in species
distribution. However, soil hutrient status does influence species
distribution patterns, as some species are restricted to particular soil
types within the study area even where these soil»fypes overlap in their

likely soil water availability.

-Despite the slight variation in temperature between the transects,
no species reaches its altitudinal limit within the study area, making

temperaure an unlikely cause of observed species distribution patterns.

Modelling of the soil moisture content of the three soils on a
daily basis showed that the‘soil subject to the greatest amount of dryness
was the brown earth, and: that the soil with consistently‘the most water
. available for plant growth was the podzol. It is therefore probéble that

soil moisture availability is the primary environmental variable
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controlling species distribution between the three sites. Species
including Eucalyptus obliqua and Epacris impressa, which are only absent,
among the three transects, from the north-facing slope of the dolerite
transect, are found on the north-facing slopes of dolerite sites subject

to higher yearly rainfall totals (K.J.M. Dickinson pers. comm.). -

2.6.2. The 'Irnverse Texture Effect'

From the soil model it was shown that the daily vaiues obtained for
the soil moisture content of the brown earth and podzolic soils were
very similar over the long-term. However, the pattern of water avail-
ability between the three soils as predicted by the model (see Results)
is likely to be exaggerated in reality, with the brown earth being much
drier than either the podzol or,'more importantly, the podzolic soil.
The model under-estimated the effects of soil texture and structure and
did not take into account variations in the stoniness of the soil surface
_or the amount of organic matter in the soil (Lyon and Buckman 1943;

Noy-Meir et al. 1973; Thompson and Troeh 1973).

The effect of soil texture upon the distribtuion and structure of
plant communities in Australia has been discussed by Beadle (1948),

Jackson (1958), Carrodus and Specht (1965), and Noy-Meir (1974).

Soil texture and structure influences; (1) capacity, (2) water
potentiai distribution and (3) permeability (Noy-Meir 1973, 1974). The
particles comprising sandy soils (i.e. the podzol) are spherical—cubed in
shape and relatively large hence, the pore spaces in the soil are large.‘
Most water there moves 'quickly' and 'easily' through the soil under the
influence of gravitational forces. The particles comprising clay soils
(i.e. the brown earth) are platy in shape and relatively small hence,
the pore spaces in the soil are small. The structure of these particles
is such that they have a much larger surface area to volume ratio and
therefore a larger surface available to bind water (and minerals) per unit '
of soil than those of sandy soils. Most of the water entering the clay
soil therefore, will be held by matric forces to the surface of the '
particles and very little will drain away. As a resulp-df the effects of
soil texture and structure, any water entering the sandy soil will pene-

trate to a much greater depth than the same amount of water entering a
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clay soil (Jackson 1958; Carrodus and Specht 1965). Hence, the clay
soil has a far greater proportion of water in the top soil, and therefore
water loss from this soil, through evaporation, is much higher (Rowan
and Downes 1963; Specht 1972; Noy-Meir 1973, 1974). Tbe reduction. in
the water content of the soils through evaporation is especially high in
- the study area, because of a number of factors including: (1) the
relatively high amounts of summer rainfall (Table 2.2); (2) the large
vnumber of rainfall events and (3) the high values of incident radiation,

particularly those received on the north-facing slopes (Noy-Meir 1973).

The brown earths hold water at much éreater tensions than the
podzols and podzolic soils at.éll pressures (Robinson 1979). Therefore,
the ratio of marginal water to normally available water is higher in the
clay based soil; that is, a greater proportion of water is held at
pressures too high to be available to most plants (Buckman and Brady 1960;
Noy-Meir 1974). The amount of ecologically effective water availablé for
plants in the brown earth is hence reduced, except for those species

adapted to utilize it.

The amount of water entering the three soils may also be reduced
by the effects of soil texture and structure. The permeability of sandy
soils is higher than clay ones. Therefore, for a given amount of water
more will be infiltrated and less lost by runoff in sandy soils (Noy-Meir
1974). However, two processes negate this; (1) the rate of infiltration
is dependent on the water content of the soil, so that the drier soil
(the brown earth) will have a relatively greater infiltgation rate than
the more moist one (the podzol; Jackson 1958) and (2) after a'prolonged
period without rain, the clay minerals comprising the brown earth will
shrink, causing great cracks to appear in the surface. In such situations
the permeability of the soil is increased. However, at the same time
water loss through evaporation will increase, as a result of ‘the larger

surface area of the soil exposed to the atmosphere.

On a stony surface, such as the north—faéing slope of the mudstone
transect, runoff is decreased and more water is detained so that the
amount of water entering theApodzolic soil is higher than predicted by
tﬁe water balance model (Hillel and Tadmor 1962; Noy-Meir et al. 1973).

However, the podzolic soils tend to develop a hygroscopic layer at the
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soil surface which initially hinders the infiltration of water and

_therefore water loss via evaporation and runoff is for a time -increased.

Stones derived from the sedimentary bedrock are scattered through
the podzols and podzolic soils. These stones are porous (K. Nicholls
pers. comm.) and increase the available moisture supply in the two soils.
(The effect of the percentage stone content on the amount of water avail-

able for plant growth is considered in Specht's model; see Methodology.)
No measurement was made of the organic content in the three soils,

although this factor does affect the moisture-carrying capacity of the

soil (Thompson and Troeh 1973).

- 2.6.3. ‘Species Whose Distribution is Governed by an Ecological

Factor Other Than Soil Moisture Availability

Table 2.14 shows the ten species that do not relate to the moisture
gradient in two or more of the radiation periods. The response of
fifteen other species was undetermined; i.e. their response varied

between the radiation periods.

Of the ten species occurring in Table 2.14 only four (marked by
an asterisk) are G1 species. Due to the low frequemcy of the remaining
six (G2) species, the effect of the moisture gradient cannot be.

rejected as a possible control of species distribution patterns.

A high percentage (42.97) of the trees and tall shrubs did not
relate to the moisture gradient. Acacia dealbata occupied much drier
environments on the dolerite compared to the sedimentary strata. This
may reflect the higher fréquency of low intensity hazard reduction burns
on the north-facing slopes of the sandstone and mudstone sites. ‘
Bucalyptus pulchella was found predominantly on the dolerite site, with
some individuals on the north—facing slope of the mudsfone transect.
Those individuals identified as E..pulckella on the sandstone were
"probably hybrids with E. amygdalina. The distribution of E. pulchella
may be a reflection of the soil fertility gradient, with the species
being abundant on thé most fertile site and absent from the least fertile

site. Exocarpos cupressiformis is a semi-parasitic plant (Curtis 1967) .



Total No. of » ‘ Per_éentage of species
, speciés in Species not relating not relating to the
Lifeform - this lifeform to moisture gradient moisture gradient
Trees and Tall | | Eucalyptus pulchella
Shrubs 7 Acacia dealbata * ' 42.9 %
- Exocarpos cupressiformis
Shrubs ' - Cassinia aculeata *
| 8 ' Coprosma quadrifida 37.5%
Helichrysum dendroideum '
Herbs - Senecio linearfolius _
' S ' . -15.4 %
- o . _ 13 Prasophyllum spp.
Gramineae ' . Danthonia spp.* . :
' 4 : % _ . 50.0%
_ : Poa spp. _

TABLE 2.14: The species in each lifeform which do not relate to the moisture gfadiént. The G1 species
a ' are denoted by an asterisk. ' : ' ' -
o
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The additional source of nutrients that may be derived from this habit,
in all likelihood render E. cupressiformis’partially independent of the

soil moisture gradient.

The distribution pattern of the shrubs Cassinia'aéuleata and
Helichrysum dendroideum and the herb Semecio linearifolius was also
" found to be unrelated to soil moisture availability. All three are
. probably a reflection of a dlsturbance gradient. C. aculeata and
H. dendrozdeum occupied much drier sites on the dolerite and sandstone
than on the mudstone transect and S. linearfolius occupied much drier
sites on the dolerite transectvcompared to the other two. (. aculeata
is indicative of disturbed areas, being able to quickly colonize cleared
land (Curtis 1963). H. dendroideum is often found on the margin of
woodlands and S. Zinéarfolius is abundant in disturbed places and after -
fire (Curtis 1963), Both the sandstone end mudstone transects haﬁe been
subject to distufbance; i.e. frequent (every four to five years) hazard
" reduction burns and clearance in and around the margins of the reserve,

‘especially in the area bordering the'mudStone transect.

Coprosma quadrifida is subject to intensive grazing and its dis-
'trlbutlon pattern may be a reflection of differential grazing between

~ the transects.

0f the two genera of orchids found, the moistnre gradient played
no role in determining the distribution of Prasdphyllum_spp. and.its.
effect on Pterostylis spp. was.undetermined. This is probably because
the distribution of orchids depends on the prevalence of bare'gfound_in
the environment. The perCentage of herbs whose distribution were inde-
nendent of soil moisture content was very low. However, it should be
v borne in mind that this figure may be nnrepresentative because of the
time of year the study was undertaken i.e. many geophytes missed recording;
and of those that were growing, some individuals were identified, but
only to generic level, the ma jority belng grouped into one category v

(Orchidaceae).

of the grasses 50.0% did not appear to relate to the moisture
gradlent, although this figure may be artlflcally inflated because of the

placing of many unidentified species into one group(Gramlneae) It seems



70

probable that a combination of two factors are respon31ble for the pre-
dominance of grasses on the north- fa01ng slope of the drier dolerite
transect viz: the higher fertility of the brown»earth, and the shallow-

ness of this soil.

Future work, both field studies and‘experimental, is required to
determine the ecological parameters influencing these and all the Species

-whose response to the soil moisture gradient was ill-defined.

2.6.4 -Changes in Species Morphology, Anatomy and Phys1ology with
Decreasing Water Availability

) The 1arge scale effects of 5011 mOisture availability discussed

. thus far, iJe. the partial control of forest community compOSition,
structure and distribution, are Visually readily apparent. However at

a microcosmic scale there is the more subtle effect of water availability
upon the morphology, anatomy and phy51ology of spe01es at two levels:

within a species and w1thin a ‘genus.

Some species inclnding Haloragis tetragyna, H. teucrioﬁdes
and Stylidium gramznzfoltum, show. an increase in leaf area with increas- .
ing water availability An overall reduction in leaf size decreases the
’temperature and transpiration rate of the leaves, so conserVing water
(Cowan 1981). The replacement of a species by another 1n the same genus,
along a moisture gradient ‘also shows a tendency for increaSing leaf size
with 1ncreasing moisture availability (see below).. To a certain extent
this pattern is displayed in the eUcalypts. " The eucalthé inhabiting the’
‘more mesic environments (E. obliqua and E. gZobulus), have larger leaves
than- those inhabiting the more xeric env1ronments (E. viminalis and
E.~amygdaltna). ‘However, this pattern is not consistent, as E. pulchella,
which is 1ess'drought resistant than E. viminalis (Kirkpatrick and Marks
"~ in preés) has smaller leaves than the latter. ThisvemphasizeS-that the
adaptation of a spe01es to decreaSing water availability, is an inte—
grated-system of biochemical, anatomical, phy31ological as well -as '
-morphological characteriStics (Sinclair 1980; Ashton, Bond and Morris

1975).



Increasing Water Availability

\
/
Olearia ericoides - - 0. erubescens - . 0. stellulata
: ' 0. argophylla - 0. ramulosa
Tetratheca ptlosa . —_— T. glandulosa
Pimelea humilis _— P. linifolia
Haloragis tetragyna —_— ~H. teucrioides

Dianella revoluta L —— D. tasmanica
. . . .
v4

Increasing Leaf Size

Plant size is reduced as.the availability of water decreases.:
Acacia dealbata forms tiny shrubs, less than one metre in height on the
north-facing slope and trees on the south—facing slope of the dolerite
transect. Other species showing.similaf increases in height; with
increasing water availability include Pultenaea juniperina, Bédfbrdia
Zinéaris, Banksia marginata, and Leptospermum scopacrium. Within the
genus Eucalyptus; species occupying the cooler, moister environments
{E. obliqua and E. globulus) are taller than those.occupying the warmer
drier ones (E. viminalis and E. pulchella). The change from Dianella

tasmanica to D. revoluta is also accompanied by a reduction in plant size.

Thére is also some évidence thét the réplacement of a species by

" another in the same genus, as mqisture'availability changes, also involves
a change in lifeform. For example, the replacement of'Goodenia_Zanata

- (a herb) by G. ovata (a herb/shrub) and Senecio spp. (a herb) by

S. linearifolius (a herb/shrub).

Other reported responses of plants to Water stress include a
reduction in cell size and intercellular volume of leaves, an increase
in vein density, stomatal frequéncy and thickness of the palisade layers
‘and changes in the patterns of tree roots .(Kramer 1969; Ashton 1975; -
Cowan 19081). ' -

On a wider scale, as soil moisture availability increases there

is a reduction in sclerophylly and an increase in broad leaved species.
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CHAPTER 3 INSECT PREDATION ON SAPLING EUCALYPTS

3.1 INTRODUCTION

Loss of foliage to insect grazing in eucalypts has been reported
to be very high. Some species sustain leaf area losses of anything
between 15-50% (Burdon and Chilvers 1974a,b; Kile 1974; Fox and
Morrow 1983), compared with 1-107 in Northern Hemisphere forests
(Ohmart et al. 1983a,b). This phenomenon of high grazing levels in
EBucalyptus has promoted two areas of study; firstly to determine why
foliage losses are so high in eucalypts and secondly to determine the

effect of this on tree growth and, ultimately, stand composition.

Research into the level of grazing has centred upon isolating
those factors that cause some species to be very heavily predated while
others remain relatively unscathed. Such factors include: (1) differences
in the quality of the foliage and (2) in the density of species, (3) the

composition of forest stands and (4) plant vigour.

The quality of the foliage varies according to the content and
concentration of allelochemics and nutriénts, and plant physical defence
mechanisms. All three may act, often in combination, to influeﬁce
insect feeding preferences (Carme 1965; Soo Hoo and Fraenkel 1966;

Feeny 1975; Rhoades and Cates 1975; Bech and Reese 1976; Fox and
McCauley 1977; Morrow and Fox 1980;'Edwards 1982).

It is possible that the amount of insect grazing is dependent
upon the density of eucalypt species, or the density of subgeneric groups
such that an increase in host density results in a disproportionate
increase in insect fauna (Chilvers and Brittain 1972; Burdon and

Chilvers 1974).

The level of insect grazing may also be influenced by the partic-

ular mix of species in a community, i.e. some species may function
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together to regulate insect feeding (plant defence guilds; Atsatt
and 0'Dowd 1976). For instance, a host plant surrounded by plants

giving off repellent odours may be protected from insect predation.

Finally, a weakened or stressed plant has a.lower resistance
to-insects. Reduction in plant vigour may arise as a result of -
environment stress (i.e. drought) or biotic factors (i.e. competition,
disturbance). For example, the quality of food, nutrient uptake,
carbohydrate and nitrogen metabolism are all affected by moisture
stress (White 1969, 1974, 1975; Mattson and Addy 1975; Lansberg and
Wylie 1983).. A stressed plant, in devoting most of its available
nitrogen and energy towards photosynthesis and growth may not have the
reserves to produce nitrogen based allelochémics needed in defence
(Edwards and Wratten 1980). . Hence, the composition of allelochemics )
and the 'chemical halo' will vary. The outcome of this is that although
the incidence of allelochemic compounds, nutrients and physical defence
mechanisms are genetically determined, their ultimate expression is the
result of modification by the environmeht (Mattson and Addy 1975; -

LeQin 1976). Many studies have undertaken research to determine the
effects of plant quality upon the levels of grazing among species; but
few have determined whether variations in nutrient content, tree density
etc. along environmental gradients may influence insect grazing patterns

along that gradient.

Through a series of experimental studies insects have been
shown to reduce height growth (Greaves 1966; Carre et al. 1974),
reduce radial growth (Readshaw and Mazanec 1969; Morrow and LaMarche
1978), reduce the size of the seed store (see Morrow 1977a for resumé),
. and ultimately cause tree death (Mazanec 1966; Elliott et al. 1980).
Conversely, insect activities have been shown to stimulate leaf product-

"ion (Mattson and Addy 1975; Lowman 1982) although not in eucalypts.

Few studies have extensively measured anything but the effects
of leaf area losses on eucalypt growth. The way in which missing
leaves, the number of leaves per shoot and mean shoot length are
| affected by insect'activitiés and the implications these may have upon-
tree growth and hence forest community composition has received little

. attention in the literature.
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Most studies, furthermore, use one sampling unit, the single
leaf to record foliage losses to the tree (Kile 1974;. Journet 1981;
Fox and Morrow 1983), although there have been studies assessing
damage to tﬁe entire crown (Elliottjét al. 1980). Leaf area loss is
determined either visually or by passing the leaf throﬁgh a leaf area
~ meter. More recently, Ohmart (1983a,b) has determined the annual '
consumption of foliage by measuring the frass fall from insects.
From these studies he has found that only 2-37 of the annual leaf
production of mature trees is lost through insect defoliation (these
figures.are similar to those derived for defoliation in Northern
Hemisphere forests). Ohmart et al.(1983a) suggests that among the
reasons why his estimates of foliage consumption are so much lower than
those found by other workers, and why the estimates of leaf area loss
vary between studies are: (1) by randomly picking leaves off a tree,
more than one year's damage is being recorded; (2) by measuring damage
in for instance January and February when the leaves are not fully |
expanded,.leaf area losses may be overestimated, since any feeding by
an insect on young leaves represents a much greater area lost compared
to the same amount of feeding on an expanded.leaf; and (3) the study
of insect grazing haé tended to focus upon areas where outbreaks have
occurred (Greaves 1966; Kile 1974; Elliott et al. 1980), or upon small
trees on which the insect population and therefore level of grazing may
be very different (Burdon and Chilvers 1974a,b; Carne et al. 1974;
Fox and Morrow 1983), or in disturbed areas where the levels of grazing

differ from those in undisturbed areas (Carne 1965; Fox and Morrow 1983).

In any forest community, however, the composition; abundance
and distribution of species is to a large éxtent determined by the
conditions at the outset of community development. Thus the factors.
influencing small trees- (of which the level of insect damage is only
one);may be more important than those influencing mature trees, in

moulding the shape of the future forest.



~I
(2

There were four aims in this research, the first of which was.
to measure the level .of grazing in_yoﬁng'treés in the dry sclerophyll
forests of sbuth—eastern_Tasmahia. Hitherto, research in these forests .
had been limited to studies of defoliation in areas where outbreaks
"~ of insects occurred (CGreaves 1966; Kile 1974) or studies that had not
involved extensive sampling‘(Duff et al. 1983). The second aim was to
use the shoots of trees .as the main Sampling unit by which to measure
insect damage over time, with fhe leaf as the secondary sampling unit.
By measuring damage as soon as the leaf unfolds and continuing until ‘it
'reachés its maximum size, the damage recorded is‘that attributable to
the current season and the effects - of leaf growth onithe percentage
damage may be analysed. The third was to measure other variables that
" may effect forest community composition including missing léaves, the
number of .damaged leaves, the number of~leaves-per'éh06t'and mean shoot
- length. The effects of all these variables on_tfee growth will be
assessed by series'of,experimentai studies; ‘The fourth aim was to
determine the importance of‘environment‘variables on the effects of
defoliation. Some information was also collected on the taxa of insect

predators found within the study area.
3.2 METHODS

3.2}1 - Site and Species Selection

The field sites selected for study had to fulfil -the following
criteria: (1) contain small trees, two-three metres in height; (2)
cover a wide range of topographical environments; and (3) be within-

easy access of Hobart.

Where the Hydro-Electric Commission run transmission lines
through an area they clear the ground beneath the pylohs by burning.
After a period of time these swathes, "which are approximately 40 metres
wide, arevcovered'by even-aged regrthh veggtétion (Plate'g;l).;
Tfansmissipn 1ines'ruh"apprOXimately'horth—southjtﬁrough the forest in
Ridgeway Park Reserve, near Hobart (Figure'Z.l). _Two'strips Of_ladq'

‘beneath these transmission lines were chosen as the sites for the study



PLATE 3.1: The transect across the sandstone hillslope.
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of insect-eucalypt relationships: one running across an area of
dolerite, and the other across an area of sandstone (Figure 2.2).

Both sites encompass a north and south-facing slope. Henceforth, the
slopes on the dolerite bedrock shall be referred to as Chimney Pot

North (CPN) and Chimney Pot South (CPS), and the slopes on the sandstone
as Ridgeway North (RWN) and Ridgeway South (RWS).

Sites differing in geology and pedology were chosen so that the
gradient in soil moisture availability would be greater than that imposed
by aspect alone, and therefore any effects of soil moisture availability
on the levél of defoliation would be maximised. The ordering of sites
with increasing water availability is CPN, RWN, CPS, RWS (Chapter Two).
CPN and CPS are more exposed than RWN and RWS, being approximately 200
metres higher above sea level (Figure 2.2), and the soil is more fertile

on the former sites compared with the latter (Chapter Two).

A survey was undertaken to establish the abundance of eucalypt
species. This revealed that Eucalyptus obliqua, E., pulchella and
E. viminalis (adult foliage) were suitable for sampling on CPN and CPS,
E. obliqua, E. tenuiramis and E. viminalis (adult and juvenile foliage)
on RWN, and E. obliqua and E. viminalis (adult and juvenile foliage) on
RWS.

3.2.2 Selection of Trees for Sampling

It was important that the trees sampled within each speﬁies be,
as far as possible, similar in terms of the quantity and quality (i.e.
the nutritional, biochemical and physical properties of the leaf, and
the microclimate surrounding it ) of the foliage available
to grazing insects. This ensures that any differences in the type and
levels of grazing found between species and aspects is due to the partic-
ular characteristics of the foliage and/or to environmental differences
between the sites, rather than being an artefact of the age of the tree,
tree Vigour or the number of shoots available for feeding, oviposition
or other factors (Carne 1966; Ohmart 1983). -Accordingly, a tree survey
was undertaken in which the following variables were measured as direct

and indirect surrogates for leaf quantityvand quality respectively:
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(1) tree height; (2) the diameter of the trunk above the lignituber

(this variable is a crude measure for the amount of follage in the tree);
(3) the height to the intersection of the adul t— juvenile foliage;

(4) the distance of the trunk from the furthermost point of the foliage
in a northerly, southerly, easterly and westerly direction; and (5) the
number of potential new shoots in the upper crown. Also taken into
account were: (6) the species of tree surrounding the individual béing
examined, and whether there wés'any contact between the former and the

.lattér; (7) the shape of the tree; and (8) éccessibility in the field.

Results from the measurements of variables (1) to (5) for trees.
in each species, were subjected to a principal components analysis (p c.a.)

to determine the trees on. dlfferent sites which were most alike.

Up to 15 trees per spe01es per site were selected from the results
of the p.c.a. Taking into account variables (6) to (8), approximately
10 of the 15 trees were finally chosen, 5 for the purpose of recording
insect damage over time (untreated trees) and 5 for the investigation of
tree growth in the absence of insect grazing (treated tfees).' In some
instances the sample size ended up being smaller than 10 (Table 3.1).
This was due to a number of factors including: (1) the inability to find
up to 10 similar trees per species in a site; (2) the mortality of
several trees during the growing season due to severe climatic conditions
i.e. high winds -and drought; and (3)' the almost total defoliation of _
some E. viminalis trees on RWN by Trichosurus vulpecula and Pseudocheirus
peregrinus (Possums), which meant theyvcould no longer be sampled for

.insect damage.

3.2.3 Selection of Leaves and Shoots for -Sampling

Two different sized sampling units were used in the analysis of

insect damage, the Single leaf and the shoot (Southwood 1978).

Leaves approximately one year in age (henceforth known as old
- leaves) on three species, E. obliqua, E. tenuiramis and E. viminalis
(adult foliage) were sampled on one site, RWN. On each tree a branch

facing in a north, south, east and westerly direction was selectéed and
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six leaves per branch were earmarked for sampling.

~ In the analysis pf insect grazing between sites and species
over time, the shoot was chosen as the sampling unit for the following
reasons: (1) the damage sustained by a shoot, rather than a leaf, was
considered a fairer representation of the damage sustained by the tree
as a whole; (2) similarly, the shoot givés a good indication of the
propoftion of damaged to undamaged leaves, missing to existing leaves
and changes in leaf growth as experienced by the tree as a whole; and
(3) it was necessary to be able to identify the unit measured through-
out the duration of the study by means of some form of tagging that
- would not attract insects or hinder their access to the foliage. At
the beginning of the growing season, shoots were more obviously suited

to tagging than the tiny individual leaves.

Shoots have been used before in the study of insect populations
(Carne 1966). Because the number of leaves per shoot varies
throughout the growing season (with leaf abscission and new growth),
and because shoots that are dominant at the beginning of the growing
season do not always remain so, shoots are not always a suitable sampling
unit for use in studies making detailed analyses of insect populations -
(De Little 1979). >However, in the context of this study, the shoots
could be sampled since a detailed analysis of insect populations was
not undertaken, and shoots were considered a better reflection

of the changes occurring to the tree.

Between 10-20 shoots were tagged per tree at the beginning of the
growing'season in October/November 1982. Generally the growth of new
shoots was delayed compared to other years, because of the very dry
winter. This was especially apparent on trees occupying the south-facing
slopes, and even on the south-facing aspect of individual trees. Conse-
quently, some shoots were not tagged until mid-December 1982. Table

- 3.1 shows the maximum number of shoots tagged per site.

The method of tagging followed that used by the Forestry CommisSion,
in which Dymo tape is placed around a shoot and secured with a staple.
The following criteria were used to determine the selection of shoots:

(1) the presence of four fully formed expanded, undamaged leaves, more



CPN CPS ' RWN RWS
uT i . T uT T uT . T uT T Total n.o. Total no.
No. of No. of| No. of No. of |No. of No. of | No. of No. of |No. of No. of No. of No. of | No. of No. of} No. of 'No. of | of shoots Jof shoots
trees shoots| trees shoots |trees shoots | trees shoots | trees shoots| trees shoots] trees shoots| trees shoots | in UT trees in T trees
E. otliqua 5 71 4 76 4 .v 48 4 74 5 65 5 68 5 57 5 82 241 300
E. pulchella 5 69 5 86 5 56 5 71 125 157
E. viminalis . 5 86 5 23 5 67 4 61 4 51 5 79 4 .52 3 66 256 299
(adult foliage) : ’ : : :
E. viminalis 5 sa | 5 84 |3 aa |2 27 98’ 1
(juvenile
foliage)
E. tenuiramis S 79 5 58 79 58
226 171 249 153 L=799
255 206 289 175 % =925

TABLE 3.1: The number -of trees and shoots sampled per species, per site. UT ='untreated trees. T

= treated trees.
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than | cm long, taken from (2) all aspects.of the tree and (3) from all

sections of the crown.

Insects have been found to concentrate on different portions of
the crown, and at different aspects (see Southwood 1978 for a review).
Hence any possible variation in percentage damage with aspect and
height in the crown should be measured, in order that subtle differences
between the species in the quality of foliage in different parts of the

tree are not masked by taking the mean for the trees as a whole.

The effect of aspect within the tree was analysed. The effect of
the position of the shoots in the crown cdﬁld not be examined because:
(1) in some trees the number of utilizable shoots (see criteria above)
at the different levels in the crown were too few in number; and (2)
juvenile foliage in E. viminalis was usually restricted to lower por-—
tions of the crown. However, Carne (1966) noted that the location of
egg batches was not influenced by the height of the foliage in young

trees.

3.2.4. Experimental Studies

The shoots tagged on the five trees per species per site earmarked
for a study of the effects of insects on tree growth were sprayed with

the insecticidé Malathion 50.

Malathion is an organo-phosphorus insecticide which acts by
'interfering with the general nervous system of insects. It works in the
‘following manner. Acetylcholine transmits nerve impulses between the
nerve and striated muscle, thereby stimulating muscle contraction.

Any remaining acetylcholine.not used in this reaction must be

hydrolysed by the enzyme acetylcholine esterase back ﬁo choline

and alcohol in order for the muscle to relax. Malathion
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inhibits the enzyme acetylcholine esterase thus 1eeding to a build—up'v
of acetylcholine in the thcle which causes permanent contraction of

the muscleé‘and therefore death (Stryer 1981). -

Spraylng was initially carried out every two three weeks. However,
.durlng the summer it was noticed that some 1eaves, prlmarlly the adult o
leaves of E. vzmmnalts, had developed unusual red marklngs that seemed ’
in some way attrlbutable to the insecticide. Spraylng frequency was -
therefore reduced to periods when the insect populatlon became particul-

arly abundant and the leaves eppeared'tq_lose_their*immunity to attack.

Spraying commenced at the beginning of the growing season, when -

‘the shoots were tagged,'and ceased in May/June.

3.2.5 Insect Damage Studies
3.2.5.1 Data Collection
3.2.5;1.1  Defoliation Levels .

 During October 1982, the old leaves were.examined to establish

the emount'of damage caused by insects.

Insect damage on trees was visually measured using the following -

damage classification system:-

= no deﬁage

= 1-< 5t damage

= 5-<10% damage
= 10-<25% damage
.25—<50%fdamage.
= 50-<75% damage
= 75%+ -.damage

= dead .

e TN B NS N N N
I}

This method of measuring insect damage was adopted because it is easy,
quick and readily quantifiable, and had been successfully used in the"
assessment of defoliation qf whdle!trees (Carne.et al. 1974; Elliott
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et al. 1980). However, levels of damage were -so low that most leaves
were classified into categories‘z or 3. _Coﬁsequently, in the analysis
of the level of damage sustained by shoots, a more sensitive measure

" had to be used and therefore it was decided to determine’pefcentage
damage per shoot visually. The damage classification system waé,used_
to describe the levels of damage attributable to each of the damage

“category types (see Section 3.2.5.1.2).

~ Percentage damage (also referred to as actual damage) per shoot
in untreated trees was recorded monthly during the period December 1982
to May/June'1983 six times in all. This period is the time of peak
insect occurrehce in the environment (Morrow 1977b; Fox and Morrow 1983;
Ohmart et al. 1983b). Data collection took two-three weeks and because
of this a different site was visited daily and the trees and shbots‘in
that site visited in random order each time. By adopting this pro-
cedure it was hoped to minimize the discrgpanéies'caused by the long
- data pollectibn-period and eliminate any bias when collecting insects
caused by their prevalence at certain times of the day and in certain

weather conditions.

The percentage of actual damage per shoot in treated trees was
recorded.once; in May/June 1983, after one season of spraying with.

insecticide.

At the same time as the level of percentage damage sustained by
each shoot was evaluéted, other~variablés were measured: (1)>the length
of the shoot; (2) the number of leaves on the shoot; (3) the number of.
leaves that were damaged; (4) the number.of missing leaves and (5) the
amount of damage attributable to each of the four damage cafegories

(see Section 3.2.5.1.2). The number of missing shoots was also recorded.

Missing leaves and shoots may occur as a result of a number of
factors, including extensive herbivore activity (i.e. insects, possums);
adverse climatic conditions (drought, high winds, storms), plant viruses
and other pathogens or leaf abscission (which in itself may be effécted
by some of these factoré). The level of damage céﬁsed by insécts alone
may therefore be}higher than the actual damage figures suggesf. Conse-

~quently, ‘a figure representihg the percentage total damage [DT] to a
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. shoot was derived by suﬁming (1) the actual damage [D ] of the shoot,
determined by expressing the percentage actual damage in terms of the
‘total number of leaves (i.e. existing and missing), and (2) the hidden
damege [DH]‘of the shbot; determined by expressing thevnumber of leaves

- lost in terms of the total number of leaves.
b, = ———2 .00  (12)

Thus, 1f a. whole 51x—1eaf shoot was m1551ng, the total damage ‘would

" be 100%:

DT = ——3—— X 100 = 100

If two leaves were missing, and the remaining 4 had over half their -
area lost through insect<damage, the total % damage would be:
2+ 4‘

Dy = ——3—— x 100" 66,7%

3;2.5.1.2"Assessment of DamageITypes

A pilot study was undertaken in the w1nter of 1982 to determlne
how the dlfferent types’ of insect damage could’ be categorized, and the
extent to wh1ch these could be: attrlbuted to a partlcular insect species
or genus. After Landsberg and Wylie (1983),_1 identified in the field
four categeries of damage: (1) leaf chewers; (2)'leaf'miners'and skeleton-
izers; (3) 'leaf distortion' (Landsberg and Wylie (1983); and (4) mis—
cellaneous leaf damage. The majority of insects are leaf .chewers mainly
belonging to the orders Lepidoptera, Hymenoptera and Coleoptera (Franklih
1970; Matthews 1976). They remove whole portions of the leaf (Plate 3.2).
Other insects (leaf miners and skeletonizers) remove only parts of the .
‘leaf. Leaf miners. are 1nsect larvae that tunnel inside the leaf and
“eat the tissue-betweeh the ubper and lower'epiderhis. The damage caused
by these insects is recognised by the presence of lerge areas of upraised
opaque. tissue (Plate 3.3). Some~Species-are skeletonizers or minersAfor '
part of the life—cyle,'and leaf chewers for the rest. Generally the
‘overall effect of leaf>ehewers, skeletonizers and miherssis to reduce

the total photosynthetic capacity of the:tfee. 'However,'where damage



‘able 3.2 Leaf chewing damage on E. viminalis (juvenile foliage)



lable 3,3 The injury caused by leaf miners on E. obliqua
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- 18 high tree health and height may be reduced,'leading'ultimately to
tree death (Anderson 1960; Bamber and Humphreys'1965; Greaves 1966;
Mazanec 1966b; Osborne 1973; Elliott et al. 1930). ‘ '

~ Leaf distortion includes that damage'causedAby'sapsuckers ‘

(aphids; Hemiptera), psyllids'(Homoptera), and gall formers.. Sapsuckers
-~ have piercing'mouthparts that enable them to tap the plant sap'from the
leaves, stems or roots They may have a depressant effect on plant
metabolism and cause the stunting of shoots and leaves (Osborne 1973;
Morrow 1977b). there damage. is excessive, tree death may result
(Osborne 1973). The injury they inflict appears as the curling or
-crinkling of a leaf or a change in the colour of the follage from_green

to yellow-white.

_ Leaf‘galls are large growths (Plate 3.4)'which may be formed by
the action of insect saliva (Matthews 1976). They may contain a large
number of associated gall organlsms, not all of which are 1nsects Leaf
- galls cause metabollc and developmental changes to localized areas of the

plant and mayvreduce the overall fitness of the tree (Osborne 1973),

Miscellaneous damage was all:that damage sustained by the leaf
which could not be readily attrlbuted to the act1v1t1es of insects, but
may have been caused by them. ThlS included holes in the leaf blade
-and necrotic patches Fungl could sometimes be determlned as causing

the ‘latter, when the black heads of the sporophytes were v131ble

The damage caused by some insect species/genera conld be identified,
- for example: '(1) the leaf chewing damage of the‘Puropsis beetle and its
larvae (see’ Klle 1974, Flgure 1); (2) the damage of the leaf miners and
skeleton1zers Acrocercops Sp.s Protolechia sp., and Uraba lugens; and

(3) the damage caused by certaln kinds of galls: C%enarytazna Sp.,
Fergusonina sp., and Glycaspis sp. However, the amount of damage
inflicted by these overall Was;so small that they were not considered

. separately.

The amount of damage caused by each of - the four damage types on'

every sampled shoot was quantlfled using the damage c1a551f1cat1on system.



fable 3.4 Plant galls on E. viminalis (adult foliage)



- 3.2.5.2 Data Analysis

ScoreS'obtained from'using the damage classification system
were converted to percentages by taking the mid-point of each class
to represent the amount of damage; i.e. if the damage to a shoot was
measured as 3 (5-<10%), it was assumed to have sustained 7.5% leaf »

area loss.

For each of the variables measured per leaf (percentage damage) and
per .shoot (percentage'actual damage, percentage total damage, percentage
missing leaves, percentage of damaged leaves, shoot length, the number
of leaves per shoot and the percentage of each type of damage; leaf
chewers, skeletonlzers and miners, leaf distortion and mlscellaneous

damage) a mean value per tree was derlved.

The mean percentage‘damage of leaves and shoots on the trees of
‘three species'ofreucalypt on RWN were compared using the Mann-Whitney
U—test'(see below). However, the values of mean percentage damage to
‘the leaves were not directly comparable to the percentage damage figure
derived for the shoots. To overcome this problem, the shoots were .
classified into classes according to the level of - percentage damage
they sustained (method of - cla551f1catlon described in Sectlon 3.2, 5.1. 1)
The percentage damage to a shoot was then taken as the mid- —-point of the
class to which it had been assigned. Mean percentage damage per tree
and therefore per species was then derived, and compared w1th those

values of percentage damage to old leaves.

The ten varlables measured- per shoot in the untreated trees were
then subject to two analyses. (1) the general analy51s and (2) the

| species site analysis. In the general analysis, the mean values of each

of the 10 variables derived for the trees of one species were compared

with those of another species over the same sites (the between-species’

analysis); For instance, the trees of E. pulchélla occur only on CPS

and CPN, so they were compared with the trees of E; obliqua and E.

vihinalis,(adult foliage) occurring on CPS and CPN, whereas the comparison

between E. obliqua and E. biminalis'(adult foliage) was between trees

occurring on all four sites. Secondly, the species occurring on one site
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were compared with the same species occurring on another site (the’

between-site analysis).

In the species-site analysis, two comparisons were made: (1)
between each of the species occurring on a site; and (2) within one
species occurring on different sites. In the species-site analysis the
percentage of each of the four types of damage was normalized. The
overall results from the species-site analysis are given only when they

differ from those of the general analysis.

To determine, in the comparison of the variables between the sites
and species, whether the values of each of the 10 variables sustained
by one species or upon one site were significantly larger than those
sustained by another species or upon another site, the Mann-Whitney
U-test was used. The null hypothesis was that there was no difference
in the level of each of the ten variables between the sites or between the
species. The rejection level was decided at P = 0.05. However, because
of the large number of calculations involved, of which one in 20 would
have been significant by chance, the level of probability of each sig-
nificant result was placed into one of 3 categories, so that the strength

of the comparison could be gauged: (see below).

0.01 < P>0.05
0.001, < P>0.01
P>0.001

Finally, the values of percentage actual damage, percentage total.
démage, percentage missing leaves, percentage damaged leaves, mean
shoot length and mean number of leaves per shoot for untreated trees
was compared with those values for treated trees using the Mann-Whitney

U-test.

3.2.6 Insect Collection

At the same time as an assessment of damage was being made for
a shoot, any insect on, or in the near vicinity of that shoot was

collected and placed in a specimen jar for identification. Insects



were usually handpicked, although in cases where the individual was

very small, a pooter was used.

3.3  RESULTS

3.3.1 Patterns of Insect Damage Upon Eucalypts
3.3.1.1 The Effect of Aspect Within the Tree

A1l the shoots of a particular species on each site were compared
_to establish whether mean percentage damage per shoot varied with aspect.
The amalgamation of the data from all five trees per species per site |
ensured an adequate representation of shoots from all aspects. Care has
to be taken with interpretation, as it is possible this procedure could
bias the results if a tree sustaining particularly high insect damage

contained a high number of shoots facing in any one direction.

No consistent pattern was evident within or between the species on

the different sites (Figure 3.1f[a-d]).

To determine whether a relationship between percentage damage and
aspect develops with prolonged insect grazing, the leaf area losses of
"old" leaves (i.e. approximately 12 months in age) growing in north,
south, east and westerly directions were compared. All leaf area loss
data was collected only on the RWN site, and then only for the sﬁecies

E. obliqua, E. tenuiranis and E. viminalis (adult foliage).

There were no significant differences in the damage incurred
between the four aspects in any of the three species examined (Table
3.2). As a result of these findings, mean percentage shoot damage per

tree was used in all subsequent analyses.

A relationship between percentage damage and aspect has been
shown to occur, although the aspect of the foliage subject to . the most
intense insect damage seems to vary (Carne 1965; White 1970a,b; South-
wood 1978; Lowman 1983). In the studies upon eucalypts, a relationship

between aspect and damage may occur only in mature trees (Carne 1966),
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_ " (a) CPN

-E.obliqua o pulchella

270"

180°

'E.viminalis (adult follage)

FIGURE 3.1: The percentage damage sustained per species on

different aspects within the tree at each of the

different sites. Each diameter ring represents - .
an increase of 10% insect damage.

0° = North. + = where two or more values concur
(a) on CPN ' ' '



89

- . (b)CPS

. E.obllvqua . , ' - '_ E.puléhel(a_

T 270"

U .
— 90

180"

'E. vlmlhalls, (adult foliage) -

FIGURE 3.1 (continued):  (b) on CPS '
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(c) RWN %

. E.obliqua C ' - E.tenulraﬁrls _

270°—

180° 180:

E.viminalls (adult follage) o ' - E.viminalls (juvenite follage)

FIGURE 3.1 (continued): (c) on RWN



"~ . (d)RWS

E.obliqua

T 270

180° : ) " 480

" E.viminalis (adult foliage) o ‘ Lo . E.viminalis uuvenue'tdnage)

FIGURE 3.1 (continued): (d) on RWS

90

01



E. viminalis E. obliqua E; tenuiramis
(adult foliage) ’
North 12.14 22.14 5.83
East 13.96 18.10 8.42
South i1.25v 20.36 13.06
West 21.15 24.29 7.31

TABLE 3.2: The mean percentage leaf area loss of leaves occurring
in a north, south, east and westerly direction; on
E. viminalis, E. obliqua and E. tenuiramis

(one year old)

Leaves

Shoots
(6 months old)

E. obliqua
E. tenutramis

E. viminalis
- (adult foliage)

21.2

8.7

14.6.]

]

9.0 .

10.9

-13.9

" 'TABLE 3.3: The mean percentage damage on different aged

foliage of three species of eucalypts.

Significant relationships denoted by a line.

92
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or on mature leaves (Lowman 1982), or where infestation by insects is

relatively high (White 1970a).

3.3.1.2 The Vulnerability of Different Aged Foliage to the
Activities of Insects

. Table 3.3 shows the mean percentage damage sustained by shoots
_from 0ctober/November 1982 - May/June 1983 and the mean percentage
damage sustained by "old" leaves during the previous year (October
1981 - October 1982), on the RWN site.

The mean percentage damage sustained by the old foliage of E.obliqua
(table 3.3) was 31gn1f1cantly higher than that sustained by the young
foliage (0.001<P20.01, cf. Kile 1974). In contrast, there were no
significant differences between the level of damage in the old and
young foliage of E. tenuiramis and E. viminalis (adult foliage). Thus
it seems probable that E. obliqua is continually subject to insect
damage throughout at least the first year of a leaf's lifespan of
approximately 18 months (Jacobs 1955), whereas damage to the species
E. tenuiramis and E. viminalis appears to be concentrated within the
first six months of a leaf's life. The differential response to insect
damage between species is interesting (cf. Ohmart et al. 1933) because
it appears to contradict the current view that it is always the young
leaves which sustain the highest amount of damage (Carne 1966; White

1971; Rogers and Westman 1979).

3.3.1.3 Analysis of Patterns of Insect Damage

Histograms were plotted for each species per site, showing the
number of shoots whose level of insect damage fell into each of the

damage classes (Figures 3.2[a-d]).

The histograms are all negatively skewed, and all but three
(E. pulehella on CPN, E. viminalis (adult foliage) on RWN and
E. obliqua on RWS) have the highest number of shoots in the first damage
class (0-4%). Some shoots are very highly damaged (50%+), but these
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are rare. The_negative skew displayed by the data is most pronounced
on the Chimney Pot Hill sites; hence, the majority of shoots here are
confined to the lower classes of damage compared with shoots on the

Ridgeway sites.

Figure 3.3(a-d) shows the changes in mean percentage damage to
each tree ovef time. There is no consistent trend. The shoots of
some trees sustain more damage in the first month than at any other -
time. Other trees :show a gradual increase in percentage damage over
time, while others still display one or more peaks in percentage damage
over the growing season. For only 50.5% of the trees is the percentage
damage at a maximum in May/June: i.e., at the end of the period of
intense insect activity (see below). Another 27.2% peak in April and
15.5% in March (Tables 3.4 énd 3.5).

The differences in the patterns of change in percentage damage
over time between the different trees may be explained by the timing
of a number of factors including: (1) peak insect activity; (2) seasonal
shoot growth; and (3) litterfall. Insect activity increases during -
spring, is at a peak in mid-summer and declines during late February.
There may be another upsurge in autumn due to the emergence of adults.
" (Carne 1965, 1966; Greaves 1966; Fox and Morrow 1983; Ohmart et al.
1983).

Shoot growth in all but one species (E. pulchella; see Section 3.3.1.4)
is binodal; that is, there are two peaks.in shoot growth, spring and
autumn (Specht and Brouwer 1975; Rogers and Westman 1981). The timing
of litterfall may vary between the species (Rogers and Westman 1979).
However, 70-80% ﬁsually occurs between December and March (Ohmart |
et al. 1983a). Litterfall in E. obliqua has been correlated with mean
maximum temperature (Attiwill et al. 1977; furnbull and Madden 1983).

The outcome of this is'that leaf growth and leaf fall may occur
together, although the former occurs first (Rogers and Westman 1981).

Thus the upsurge of mean percentage damage in some trees during
April-May/June is probably due to the emergence of adults from mature
larvae at the same time as new shoot growth is prevalent on the trees.

Such insects feed voraciously in order to survive the winter (Carne
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CPN cps 'RWN RWS -
DJF M A MJ|DJIJFMAMJI|DJIJFE M A MJ|[DIFMAMJI

£. obliqua - 14 301 1.5 1.5 2 303
E. pulchella 12 1 1. 3 2
E. viminalis . 0.5 0.5 4 4 1 1 - 3 ‘ S 4

(adult foliage)

E. viminalis _ 0.3 2.3 2.3 1 11
(juvenile foliage)

E. tenuiramis - . s

TABLE 3.4: The month in which the trees of each species on the different sites,,sustain'maximum
insect damage. .

D = Necember; J = January; F = February; M = March; A = April and M/J = May/June

Number of trees which
sustain max. damage
in each of the time First column expressed
periods . as a percentage
December 0.0 : . O.Q
January 2.0 3.3
February 5.0 8.3
March - 6.3 . - 10.5
April 16.3 . 27.2
May/June 30.3 ' : 50.5

. ‘ - ) |
TABLE 3.5: The number of trees that sustain maximum insect damage in.each time period.

£o1
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1965).- The decline in insect damage'after reaching a peak in February/
March, for some trees, may be due to the growph'of previously damaged :
leaves, the presenée of‘many new leaves, the.shédding of highly-damaged
leaves, or a combinapion of these (Kile 1974; Mofrow-1977; Rdgers and

‘Westman 1981; Ohmart et al. 1983a).

Anothér féature of the data is for one tree to be much more highly
damagedlthan others of the same species on the same site; éQg. '
E. viﬁinalis (adult foliage) on CPN and E. viminalis (juvénile>foliage)
on RWN (Burdon and Chilvers ‘1974b). There is no strong‘evidence to-
_suggést that this phenomenoﬁ is restricted to certain sites or species.
‘It was noticed that trees subject to very high damage during the 1981—82l
growing season’héd also been’highly damaged during previous years.

Other researchers‘have-noted this tendehcy for some trees to be repeatedly
' attéckéd’(Carhe 1966). - Pryor -(1952) found that where one tree showed
"repeated susceptibility or repeated resistance to iﬁsect attaék, it was
g:hybrid and so its relative susceptibility_or resiétance_was inherited

from one of its parents.

3.3.1,4 ‘Estimates ofHActual Damage

'Figures 3.4(a~-d) show the change in mean percentage damage for
each species on a site, over time. Mbst species show a gradual increase
in percentage damage, with .the greatest amount of insect damage being
sustained in the first six weeks (i.e. November — mid-December). |
" Table 3.6 shows the time period in Whiph each species sustains its
highest amount of damage. Approximately half the species are most
highly damaged in May/June (see Section 3.3.1.3 for an explanatign of
the changes in mean percentage damage, within the spécies,.over'time).
Interestingly, E. pulchelia is the major ekception to thiS'patfern;
evidencing maximum percehtage damage on CPN and CPS in mid-February.
This may represenfgthé period of‘peak insect activity in this species.
E. pulchella is different from other species in that it exhibits new
growth all year-round. Hence, the upsurge in insect activity, and
therefore insect damage, experienced by many of the other éucalypt
species in April—June with the occurrence of new foliage, is not'apparenf

in E. pulchella (see Section 3.3.1.3).
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The mean percentage damage sustained by E. obliqua, E. pulchélla,
E. viminalis (adult and juvenile foliage) énd E. tenuiramis in May/June
is 9.3%, 6.7%, 8.6%, 11.8% and 10.4% respectively (Table 3.7). Other
studies show the percentage leaf area loss for small regrowth trees to.
be in the order of 7-15% for E. obliqua (Fox and Morrow 1983) and
12-13% for E. viminalis (Burdon and Chilvers 1974; Fox and Morrow 1983).
The‘percentage damage to E. obliqua lies at the lower end of the range
of values obtained from the collation of the results from these studies.
"The level of damage sustaihedAby E. viminalis (adult foliage), however,

is much lower than the values found in the literature.

(a) Between-Species Comparison

In the general analysis there were no significant differences.
between the level of (actual) damage sustained by the different species,
although in the species-site analysis the percentagevdamage of
E. viminalis (juvenile foliage) on RWN just failed to be significantly
higher than that of E. obliqua (0.05{?20.10). '

In the insect damage survey undertaken by Fox and Morrow (1983)
the percentage foliage losses in E. obliqua and E. viminalis (adult
foliage) from relatively undisturbed upland forests and woodlands
(approximately 800 m a.s.l.), were also found not to differ significantly |
‘from one another. . '

.Duff'et al. (1983) also found the level of damage in E. viminalZs
(juvenile foliage) in the dry sclerophyll forests of SE Tasmania to be
higher than that in E. pulchella. However, no statistical test was.
conducted to discover if the levels of damage between the two species

were significantly different.

Bﬁrdon and Chilvers (1974a) found the leaf area loss in Symphyomyrtus
trees to be higher than that in Monocalyptus trees, although interestingly
E. viminalis did not sustain such high levels of damage as the other
' Symphyomyrtus species sampled (E. dalrympleana), and in fact there was
no significant difference between the level of damage sustained by

E. viminalis and that sustained by some of the Monocalyptus species
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FIGURE 3.4 (continued): (c¢) on RWN; (d) on RWS.
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Mid-December | Mid-January | Mid-Fébruary | Mid-March| Mid-April . May/June
CPN’ . E. pulchella E. obliqua
; E. viminalis
(adult foliage)
CPS E. pulchella E}‘obliqua
' ' " E. viminalis
(adult foliage)
RWN E. obliqua E. viminalis
. . (adult foliage
E. viminalis
(juvenile foliage)
E. tenuiramis
RWS E. viminalis E. obliqua

(juvenile foliage)

E. viminalis
(adult foliage)

15.38%

4

30.77%

7

53.85%

TABLE 3.Qr The month in which each species on the different sites sustain maximum insect damage.

Jel



'CPNl s' : SUM OF MEAN
P . .
c RWN RWS DAMAGE DAMAGE
mean mean mean mean mean mean | -mean mean mean mean mean mean
% actual| s total|% actual]s total |% actual|$ total|s actual|s total | actual|s% total|t actual| % total
. ] damage damage | damage damage | damage damige| damage | damage| damage damage{ damage damage
E. obliqua 8.3 33.6 7.2 40.0 2.1 40.1 12.7 ©50.1 .37.3 163.8] 9.3 41.0
'E. pulchella 7.7 32.8 5.7 27.6 13.4 60.4| 6.7 ©30.2
-E. viminalis 7.6 25.9 6.3 - 26.2 12.6 29.6 8.0 33.7 34.5 115.4] 8.6 28.9
| (adult foliage) . .
. B ‘ )
lE. viminalis 16.0 419 7.5 16.8 23.5 58.7| 11.8 29.4
"| (juvenile foliage) o 1 :
R E. tenuiz_'amis,'_ 10.4 32.7 10.4 32.7} 10.4 32.7

TABLE 3.7: The mean percentage damage (actual and total) sustained by different species of eucalypts on each site.

!

Eucalyptus Eucalyptus Eucalyptus Eucalyptus Eucalyptus
obliqua pulchella viminalis viminalis tenuiramia
: ! . . (adult. foliage)](juvenile foliage) ) Total damage Mean damage
mean mean mean mean mean mean nean | mean mean . mean - .
% actual|® total|s actual|s total|s actual |% total [% actual|s total |% actuall® totallt actual|® total [¢ actual|t total
damage | damage| damage | damage| damage | damage | damage |' damage | damage | damage| damage damage | damage | damage
CPN 8.3 33.6° 7.7 32.8 1.6 25.9 23.6 92.3 7.9 30.8
Cps 7.2 40.0 5.7 27.6 6.3 26.2 19.2 93.8 6.4 31.3
RWN . 9.1 40.1 12.6 29,6- 16.0 41.9 . 10.4 32.7 48.1 | 144.3 12.0 - 36.1
RWS 12.7 50.1 8.0 33.7 7.5 '16.8 28.2 100.6 9.4 | 33.8

TABLE 3.8: The mean percentage damage (actual and total) sustained by a species on different sites..

601
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sampled (E. pauciflora and E. radiata).

Thus it would appear that my results are generally consistent with
those found in other studies. Even so, it seems unusual that species
sambled from the same environment over the'same'period of time sustain
similar amounts of da@age, when previous research has shown that species
growing in the same environment do differ significantly in the amount of
damage they incur (Fox and Morrow 1983). The lack of significant results
may be partly due to the age of the foliage and/or trees sampled
(Section 3.3.1.2). Whatever is the case, these results have intéresting
implications for the role of insect damage in the establishment and |

-maintenance of mixed stands (see Discussion).

(b) Between-Site Comparison

Of the six comparisons made between the sites in the general

| analysis only one, the level of damage sustained by RWN compared with.
CPS, was significantly-different'(0.01<P20.05). However, two other
relationships, the percentage damage on RWN compared. to CPN and the
percentage damage on RWS compared to CPS, just failed to be significantly
different from one another (0.05<P>0.10).

In the species-site analysis no significant relationships were
found. Three comparisons‘just failed to be significant: (1) the amount
of damage sustained by E. obliqua on RWS was higher than that sustained
by the same species on CPN; (2) the amount of damage in E. viminalis
(adult foliage) on RWN was higher than the amount of damage on CPS and
(3) the amount of damage in E. viminalis (juvenile foliage)'on RWN
was higher than the amount of damage on RWS. These differ from the
relationships found in the main analysis because of the increased amount
of actual damage sustained by E. obliqua on RWS and E. viminalis
(adult foliage) on RWN compared to the other sites, which is obscured

when taking the mean actual damage per site in the general analysis.

In all of these relationships the percentage actual damage in

the Ridgeway sites is higher than that in the Chimney Pot Hill sites
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(sée Figure 3.5). This may indicate that actual damage in the small
trees occurring in dry sclerophyll forests would be subject to variance
bedween ecologically distinct sites. In fact, other researchers have
shown that 1nsect species and insect numbers, and therefore the amount
of damage, does vary between ecologlcally distinct sites. For example,
insect species have been shown to vary upon slopes of different aspect
(see Chapter one). Carne et al. (1974) found that the appearance :and
disappearance of Christmas beetles (Coleoptera:Scarabaeidae) and the
'timing of maximum' occurrence varied between sites, which they attri-
buted to environmental differences between the sites. Fox and Morrow
(1983) found that eucalypts from higher altitudes on more mesic sites
were subject to increased levels of imsect attack compéred vith the same
species occurring at lower altitudes, whereas Burdon and Chiivers 21974b)
found the percentage leaf area loss (and the mean leaf area per shoot,
and the numbers of parasites) decreased in E. pauctiflora as altitude
increased. Carne (1965) found the level of infestation by the sawfly
Perga affinis affinis upon E. blakely? depended upon the environment

in which the tree was growing. Trees from low lying mesic sites pro-
duced regular amounts of foliage that were highly attractive to the
sawflies, whereas trees in the drier upland areas rarely produced foliage
that became infested. The results and conclusions from these studies

are highly conflicting (see end of chapter).

However, it seems likely that when species are sampled along a
wide ecological gradient, differences in the damage sustained by them
do occur. Whether these differences are the result of the physical
environment restricting the activities (i.e. reproduction and survival)
and/or distribu;ion‘of insect species or whether they are the result of
between-tree differences resulting from growth in different.environments

is a matter for further investigation.

(¢) Comparison of Actual Damage Between Untreated and
Treated Trees

The percentage actual damage sustained by the untreated treeés
was significantly higher than that sustained by the treated trees in

four of the five between-species comparisons made. (rablé 3.9, Figure 3.6).



mOl

45+

354

PerC_entag.e damage

40 4

30+

25+

154

10

(a) E.obliqua

s
R
&~
/
/ .
/
O ——0 — _
\O\\\\D o \vo
YAV /
¢” /
i /
>\\ \\ ~°
\0\ \\o\\\n\\
\\. \.\ : \D\\
\\ Av\ ) /
/ P
.\0\ \\ e
o]
:\_\ /
&/ \
11/ ,
119/ o
:\.\ - _a

sy
W,
| L | § I 1 SIS
O/N D J F M A M/J

35+

Perc'en_tage‘ damage

45+

404

(b) E. pulchella & E. tenuiramis-

(A4



" FIGURE 3.51(cor.1i:inued): (c) on E. viminalis (adult foliage);
' ' (d) on E. viminalis (juvenile foliage)
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Eucalyptus Eucalyptus " Eucalyptus Eucalyptus - Eucalyptus
-obliqua pulchella viminalis viminalis tenuiramis TOTAL MEAN
. ) {adult foliaqge) {juvenile foliage)] L i . . _
untreated|treated|untreated|treated untreated| treated|untreated treated Juntreated treate_d untreated|treated untreatedj treated
CPN 8.3 -3'.2 7.7 4.6 7.6 4.6 23.6 12.4 7.9 4.1
cps 7.2 4.2 5.7 2.9 6.3 4.4 19.2 11.5 6.4 3.8
RWN 9.1 6.1 12.6 3.5 16.0 8.0 10.4 5.1 48.1 22.7 12.0 5.7
RWS, 12.7 4.3 8.0 6.4 7.5 | 8.6 28.2 19.3 9.4 6.4
TABLE 3.9: The mean percentage actual damage per shoot on treated and untreated trees per species per site.
Eucalyptus Eucalyptus Eucalyptus Eucalyptus E'uca%yp_trfs
obliqua - pulechella viminalis viminalis tenuiramis TOTAL MEAN
(adult foliage) (juvenile foliage)
untreated [treated |untreated [treated|untreated [treated [untreated |treated Juntreated |treated luntreated|treated|untreated|treated
CPN 33.6 35.7 32.8 24.3 25.9 37.3 92.3 " 97.3 30.8 32.4
CPS 40.0 31.1 27.6 23.8 26.2 - 34.0 93.8" 88.9 31.3 29.6
RWN 40.1 38.7 29.6 30.5 41.9 28.3 32.7 29.5 144.3 127.0 36.1 31.8
RWS- ° 50.1 37.4 33.7 25.8 16.8 33.0 .100.6 96.2 33.5 32.1

TABLE 0: The mean percentage total damage per shoot on treated and untreated trees per species per site.

tn'
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Only E. viminalis (juvenile foliage) failed to show such a relationship.
This may have been partly due to the small sample size of the data and
partly. due to the fact that several of the treated trees showed signs

of repeated heavy insect attack in previous years, so that the level of
insect activity in these trees would have been high in any case (see

Section 3.3.1.3).

In the comparison of the percentage actual damage between all the
treated trees and all the untreated trees on one site, the actual
damage on the untreated trees in all four sites was significantly

higher.

.3.3.1.5 Estimates of Total Damage

The peréentage of missingAleaves and shoots'per species per site
is shown in Table 3.11. The mean percentage of missing leaves and
shoots combined for E. obliqua, E. pulchella, E. viminalis (adult and
juvenile foliage) and E. tenuiramis is 21.4%, 13.8%, 12.1%, 16.4% and
15.3% respectively. The percentage missing leaves and shoots sustained

by E. obliqua is very much higher than that in the other species.

Figure 3.4 shows the percentage total damage of the different
spe01es by site. Figure 3. 5 shows the difference in the level of total

damage within one species between different sites.

o The mean percentage total damage sustained by each species is
41.0% in E. obliqua, 30.2% in E. pulchella, 28.9% and 29.4% in the
adult and juvenile foliage of E. viminalis respeétively and 32.7% in
E. tenuiramis (Table 3.10). These values are significantly higher than

the values of actual damage found in each of the species (Section 3.3.1.4).

Journet (1981) 1ncorporated abscission data 1nto his estimate of
foliage loss. He found that the (total) damage was 60-70% on
E. blakelyi occurring in various woodland sites. This estimate is much -
higher-thah those found for the eucalypts in the'Ridgeway'Pafk Reserve.
However, (actual) damage to E. blakelyi'was very high, being around 40%

(see also Fox and Morrow 1983).



E. obliqua| E. pulchella| E. viminalis| E. viminalis E. tenuiramis
- ~ |(adult foliage)l(juvenile foliage)
g %)
=
o of o 0P
s~ g~
- o .
mo | @
. 15)]
g |28 | & 2 |8 |2 g g g g
oP 09! oe ﬁ : oP oP o 0P
CPN 27.9| 4.2 | 27.4 | 2.9 |{20.8]0.0
CPS . 30.8{8.3 | 22.6 | 2.1 |21.2{3.0
RWN 35.31 7.7 ~ 19.6 | 2.0~ |30.9 22.2 24.2 | 6.3
RWS . 43.0| 14.0 - |.28.0 (1.9 10.1 2.3

TABLE 3.11: The percentage missing leaves and percentage missing shoots per species per site.

L1l
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“(a) Between-Species Comparison of Total Damage

In all but two of the eight comparisons>made in the general
analysis, there was no significant difference between the percentage
total damage of the different species. The two exceptions were the
significantly higher total damage sustained by E. obliqua compared
with E. viminalis (adult foliage; 0.'01 <P20.001)and E. pulchella
(0:05<P20.Ql). There is an additional significant relationship in
the species -site analysis, with E. obliqua on RWS having a signific-
antly higher level of total damage than E. viminalis (juvenile foliage;
0.05<P20.01).

The_hdditional' significant relationship occurs because of the
very great differences between the percentage total damage of
E. viminalis (juvenile foliage) on RWN and RWS (41.9% and 16.8% -
respectively; see Table 3.7); so that although the level of total damage
on RWS was significantly different from that of E. obliqua, this relation-
ship was masked in the general analysis because I took‘the mean score for

species over all sites.

The significantly higher percentage of total damage sustained by
E. obliqua compared with the other eucalypts is due to the higher
numbers of missing leaves and missing shoots found in this species
(Table 3.11).

(b) Between-Site Comparison of Total Damage

No significant relationships were found in the between site
comparison of percentage total damage in the general analysis. However,
the level of total damage in the two most ecologically different sites.
(CPN and RWS) just failed to be significantly‘different from one another
(0.10<P20.05). Again,the very gréat difference between the percentage
total damage in . viminalis (juvenile foliage), is reflected in the
species-site analysis, with the level of total damage suspained on RWN

just failing to be significantly different from that on RWS (0.10<P30.05).
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The trend for actual damage to be higher on the Ridgeway sites
compared with the Chimney Pot Hill sites is not exhibited by the total
damage data. However, the results do not preclude the possibility that
total damage may be subjéct to variance along an environmental gradient.

(see discussion).

Overall the results show that: (1) although there are some
between-species differences in the level of total damage on a site
(cf. actual damage), in 75% of the comparisons made no such differences
existed; (2) total damage did not significantly vary>between sites
differing in climate and soil type; and (3) percentage total damage is

‘significantly higher than percentage actual damage.

Very high levels of damaged and missing leaves have been found
to suppress tree growth and in severe cases cause tree mortality
(Bamber and Humphreys 1965; Mazanec 1966, 1967, 1974; Kalman 1971 and
Cremer 1973). It is therefore important to establish what proportion
Qf this total damage can be attributed solely to the activities of insects
in order that the true amount of insect damage be ascertained. This was
partially achieved by a series of experiments excluding insects from the

shoots of some trees through the use of insecticide.

(c) Comparison of the Percentage Total Damage in Untreated
and Treated Trees

Table 3.10 shows the percentage total damage of treated and

untreated trees for each species per site.

There was no significant difference between the level of total
damage sustained by the untreated and treated trees in any species, .
although the total damage in the untreated trees of E. pulchella just
failed to be significantly higher than that sustained in the treated
trees (0.05<P>0.10). Neither was there any significant difference
between the percentage total damage in the treated and qntréated trees

on any one site (see Figure 3.7).
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o 'As.the insecticide has been shown to significantly diﬁinish

- ‘insect activity on the leaves.(see Part (c) of 3.3.1.4 on actual
damage), the results from the above analysis would seem to indicate
that insect damaging activities do not affect the amount of total
damage: i.e., the number of missing leaves and shoots. This pheﬁomenon

is further discussed in the section on missing leaves (3-3-2-1)-_

3.3.2 The Effects of Insects Upon Tree Growth

3.3.2.1 The Percentage of Missing Leaves

Figure 3.8 shows the percentage of missing leaves sustained
by untreated and treated trees. In some instances the number of

‘missing leaves was higher in the treated trees.

v The mean percéntége missing leaves found in E. obliéua, E. pulchella,
. E. viminalis (aduit and juvenile foliage) and E. tenuiramis was 34.3%,
25.0%, 22.4%, 20.5% and 24.2% respectively (Table 3.12). The figure

of 22.4% for E. viminalis (adult foliage) is far greater than the

value of 9.0% found by Fox and Morrow (1983) for the same species.

However, the range of values for leaf loss is similar to that found by

o Rogers and Westman (1979) for E. signata and E. umbra spp. umbra (33% and

24.6%>requctively) in southern Queensland.

(a) Between-Species Analysis

0f the eight comparisons méde between .the level of percentage
missing leaves among the different species, only two were significantiy'
different and another two just failed to be significant. The percentage
missing leaves sustained by E. obliqua was significantly higher than
that sustained by E. viminalis (adult foliage, P<0.001) and E. tenuiramis
(0.05<P30.01), and just failed to be significantly higher than E. viminalis
(juvenile foliage; 0.10<P30.05). | '
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The level of missing leaves in E. tenuiramis just failed to be
significantly higher than those in E. viminalis (adult foliage;
6.05<P20.10). These results were reiterated in the species-site
analysis. It appears that E. oblidua loses more leaves than the

other. species.

(b) Between-Site Analysis

There were no significant differences in the percentages of
missing leaves between the sites in the general analysis. However, in
the species-site analysis the level of missing leaves found in E. viminalis
(juvenile foliage) on RWN was significantly higher than that found on
RWS (0.01<P20.05). This is due to the very great difference between the
percentage leaf loss of E. viminalis (Jjuvenile foliage) on the north
compared with the south-facing slope on the Ridgeway site, a difference
which is disguisedin the general analysis. This partially explains the
large difference in percentage total damage between those two slopes

(see section 3.3.1.5).

(c) Comparison of the Percentage Missing Leaves in Untreated
and Treated Trees

In the comparisons of leaf loss sustained between untreated and
‘treated trees of a species, only one result was significant. The treated
trees of E. viminalis (adult foliage) lost significantly more leaves
than untreated trees (0.01<P»0.05). Leaf loss in the untreated trees of
E. pulchella just failed to be significantly higher than that in the
treated trees (0.05<P>0.10).

There were no significant relationships to be found in the general
analysis between the percentage missing leaves sustained by the treated

and untreated trees in each site.

These results would seem to indicate that in E. viminalis
(adult foliage) either insects stimulate the growth of leaves or the

insecticide promoted leaf loss. If insects had stimulated the growth



Eucalyptus

Eucalyptus

Eucalyptus Eucalyptus Eucalyptus
obliqua pulchella viminalis - viminalis tenuiramis TOTAL MEAN -
) (adult foliage) juvenile foliage)
untreated [treatedluntreated jtreated juntreated|treated|untreated|treated untreated [treated|untreated jtreated|untreated| treated
CPN 27.9 33.6 27.4 20.5 20.8 32.5 76.1 86.6 25.4 28.9
CPS 30.8 28.2 . 22.6 19.3 - 21.2 30.3 74.6 77.8 24.9 25.9
RWN 35.3 36.4 19.6 27.3 30.9 21.3 24.2 27.9 110.0 112.9 27.5 28.2
RWS 43.0 34.8 28.0 21.3 10.1 21.2 8l.1 77.3 27.0 25.8
IABLE 3.12 The mean percentage of missing leaves per shoot on treated and untreated trees per species per site.
Eucalyptus Eucalyptus Eucalyptus Eucalyptus Eucalyptus
obliqua pulchella viminalis viminalis tenuiramis TOTAL MEAN
(adult foliage) (juvenile foliage
untreated |treated untreated|treated untreated |treated Juntreated| treated juntreated|treated|untreated|treatedjuntreated| treated
CPN 78.2 67.5 74.2 ©63.2 66.4 63.8 218.8. 194.5 72.9 64.8
CPS 8l1.4 73.7 67.7 . 55.3 74.6 74.7 223.7 203.7 74.6 67.9
RWN 81.3 83.4 96.1 52.6 66.9 65.1 82.5 55.9 326.8 257.0 81.7 64.3
RWS 93.5 74.3 75.5 -83.5 65.9 75.1 234.9 232.9°| 78.3 | 7758

TABLE 3.13 The mean percentage of damaged leaves per shoot on treated and untreated trees per species per site.

V1
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N‘i,:of ieaves, then it would be expected that the number of leaves per

'shoot on the untreated trees.would be higher than that in the treated
trees. No such relationship was found (Section 3.3.2.4). - Therefore
it seems probable that over-spraying with insecticide had a detrimental

effect on E. viminalis (adult foliage).

In the remainihg,species, one'of two hypofheSes would explain the
similarity between the number of missing leaves found on untreated and
ﬁreated trees. Firstly, insects may not -affect the number of missing
leaves. Secondly, the number of missing leaves caused by'stressful
.environmental conditions'(see Methodology) may outweigh the number lost
through insect activity to the extent that there is no significant

difference between the number occurring in treated and untreated trees.

3.3.2.2 Percentage of Leaves Damaged

The percentage of leaves damaged in each species per site is
represented diagrammatically in Figﬁre 3.9. It was found that the mean
percentage of leaves damaged in E. obliqua was 83.6%, in E. pulchella
71.0%, in E. viminalis (adult foliage) 78.2%, in E. viminalis (juvenile
foliage) 66.4% and in E. tenuiramis 82.5% (Table 3.13). These percent-—
ages are higher thanlthose recorded by Fox and Morrow (1983) who found
‘E. viminalis (adult foliage) to have 43% of its leaves damaged and
E. obliqua 72-73%.

(a) Between-Species Comparison

In all but two of the eight comparisons made there was no
significant aifference between the percentage of leaves damaged in
each species. The two exceptions were the higher levels of damaged
leaves on (1) E. obliqua compared with E. viminalis (juvenile foliage;
0.05<P>0.01) and on (2) E. viminalis (adult foliage) compared with
E. tenutramis (0.05<P20.01).  The perceﬁtage of damaged leaves found for
E. vtmznalzs (adult foliage) just failed to be significantly hlgher than
that in E. vzmznalzs (juvenile foliage; 0.10<P30.05). |
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In the species-site ahalysis there were two additional significant
relationships: in E. biminalis (adult foliage) the amount of damaged
leaves was higﬁer'than that in E. obliqua on RWN (0.01<P20.05), while
on RWS the reverse of this relationship was found, with E. obliqua
sustaining a higher amount of damaged leaves compared to E. viminalis
" (adult foliage); 0.01<P20.05). This reversal of position of the two species
accounts for the lack of a significant difference in the General Analysis.
Overall, between-site differences seem to have a greater influence
on the number of damaged leaves then between-species ‘differences (see

part (b) below).

(b) Between-Site Analysis

There is a trend for the percentage of damaged leaves to be higher
on the Ridgeway sites compared with the Chimney Pot Hill sites with RWS
and RWN heving a higher percentage of damaged leaves than CPN (0.01<P20.05),
and the level of damaged leaves on RWN just failing to be significantly
different from that on CPS (0.05<P20.1). Moreover, the level of leaf
damage sustained by E. obliqua on RWS is so high that it is significantly
different from that sustained by the species on all other three sites.
The higher number of damaged leaves on the Ridgeway sites compared with
~the Chimney Pot Hill sites is to be expected, since the percentage actual

damage exhibits the same trend.

(c) The Percentage of Damaged Leaves in Untreated ahd Treated Trees

The mean percentage of leaves that were daméged in the untreated
trees of E. obliqua and E. pulchella was, as expected, significantly
higher than that in their treated counterparts (0.01<P»0.05), while the
number of damaged leaves on the untreated trees of E. viminalis (adult
foliage) and E. tenuiramis just failed to be significantly higher than
. the number of leaves damaged in the treated trees of these species
(0.05<P30.10). Only in E. viminalis (juvenile foliage)'was there no
such significant relationship. - This is not surprising, since thefe»was

no difference in the level of actual damage sustained between the
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untreated and treated trees in this species (see section on 3.3.1.4).

damage).

In the comparison of the level of damaged leaves between all
treated and untreated trees on each site, two of the four comparisons
were significant;the untreatedtrees on CPN and RWN had more damaged

leaves than the treated trees on the same site (0.01<P30.05).

3.3.2.3 Mean Shoot Length

Figure 3.10 shows the mean shoot length of treated and untreated
trees for every species per site. The mean shoot lengths of E. obliqua,
 E. pulchella, E. viminalis (adult and juvenile foliage) and E. tenuiramis

are 9.3 cm, 3.2 cm, 6.7 cm, 7.0 cm and 4.3 cm respectively (Table 3.14).

(a) Between-Species Comparison

Six of the eight comparisons made in the general analysis between
the mean shoot length of species were found to be significantly different
from one anofher with the mean shoot length of E. viminalis (adult
foliage) being significantly higher than that of E. pulchella (P>0.001)
and E. tenuiramis (0.01<P>0.05), and the mean shoot length of E. obliqua
being significantly higher than that of E. viminalis (adult foliage),
E. pulechella (0.001<P>0.01), E. viminalis (juvenile foliage) and
E. tenuiramis (0.01<P>0.05). The shoots of E. viminalis (juvenile
- foliage) just failed to be significantly longer than those 6f E. tenuiramis
(Q.05<P>0.10), while there was no difference between the mean shoot

lengths of the juvenile and adult foliage of E. viminalis.
(b) Between-Site Comparisons
There were no significant'between—site'differences in the mean

shoot length. The change in the environment between the sites therefore

had no influence upon the growth of the stems.
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(c) Comparison in the Mean Shoot Length Between Untreated and
Treated Trees

The shoots on thé treated trees of E. pulchella were significantly
longer than those on the untreated trees (0 01 <P>0 001)wh11e the
shoots on the treated trees of E. vzmznalzs (adult follage) were signific-
antly shorter than those on the untreated trees (0.05<P20.01). There
were no differences, however, in the mean shoot length of the untreated
and treated trees of the species E. obliqua, E. viminalis (juvenile

foliage) and E. tenuiramis.

There were no significant relationships to be found in the general
analysis between the mean shoot length of all treated and all untreated

trees in each site.

In E. viminalis (adult foliage), either insects stimulate the
growth of the shoot, or the insecticide has a detrimental effect on the
physiological processes in this species. Previous evidence suggests the
latter is the most probable explanation (Section 3.3.2.1), although it
has been demonstrated that insects do stimulate plant growth (Lowman

1982b), at least sometimes.

Several hypotheses can be drawn from the results. The first is that
the insecticide failed to protect E. obligua, E. viminalis (juvenile foliage)
and E. tenuiramis from insects damaging the shoot tip. This seems unlikely
in view of the fact that the insecticide successfully protected the leaves
from heavy damage (except E. viminalis, juvenile foliage), and it is
highly improbable that the insecticide would protect the shoot tip of

some species and not others from insect attack.

The second hypothesis is that the insecticide interfered with shoot
elongation, but not to the extent found in E. viminalis (adult foliage).
The third hypothesis is that insects adversely effect the growth of shoot
length in E. pulchella and not other species. And finally, insects may
adversely effect the shoot length of all eucalypt species, but it is only
in E. pulchella that the shoot is unable to recover by regrowth. As mean
shoot length was measured when all the species bar E. pulchella (which

produces new growth all year round) were experiencing a period of rapid



Eucalyptus Eucalyptus . Eucalyptus Eucalyptus Eucalyptus
obliqua pulchella viminalis viminalis- tenuiramis TOTAL MEAN
. (adult foliage) (juvenile foliage) : .
untreated|treated|untreated|treatedfuntreated]treated treated|treated juntreatedftreatedf{untreated|treated juntreated|treated
(cm) .(cm} (cm) (cm) {cm) (cm) (cm) (cm) (cm) (cm) cm cm cm cm
CPN 1.4 7.2 3.3 ‘4.1 7.1 6.4 17.8 17.7 . 5.9 5.9
CPS 9.0 7.8 3.0 3.9 5.8 . 5.3 17.8 17.0 5.9. 5.7
‘I RWN 8.5 7.8 7.5 5.3 6.2 5.1 4.3 6.3 26.5 24.5 6.6 6.1
RWS 12.1 7.1 6.5 4.6 7.7 7.8 26.3 19.5 8.8 6.5
TABLE 3.14: The mean shoot length on treated and untreated trees per speciés per site.
Eucalyptus Eucalyptus - Eucalyptus Euculyptus Eucalyptus . S
obliqua pulchella viminalis viminalis tenuiramis - TOTAL MEAN
’ : (adult foliage) |[{juvenile foliage
untreated |treated luntreated]treated] untreated |treated|untreated|treated untreated|treated Juntreated trea_ted untreated| treated
CPN 5.4 5.1 6.0 9.6 7.1 5.9 18.5 20.6 6.2 6.9
CPS 5.5 5.4 6.5 . 8.3 5.2 5.0 17.2 18.7 l5.7 6.2
RWN 4.9 4.3 5.8 ‘5.0 6.2 6.0 4.9 8.0 21.8 | 23.3 5.5 5.8
RWS 4.2 4.1 5.1 4.2 7.3 9.3 16.6 17.6 5.5 5.9

‘TABLE3.15: The mean number of leaves per shoot on treated and untreated trees per species per site.

1€
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regrowth, the final hypothesis may be the most probable.

3.3.2.4 Mean Number of Leaves Per Shoot

The mean number of leaves per shoot fof each species is represented
diagrammatically in Figure 3.11. The mean number of leaves per shoot
in E. obliqua is 5.0, in E. pulchella 6.3, in E;-viminalis (adult
foliage) 5.8, in E. wiminalis (juvenile foliage) 6.8 and in E. tenuiramis

4.9 (Table 3.15).

(a) Between-Species Comparison

The mean number of leaves on the shoots of E. viminalis (juvenile
foliage) was significantly higher than the mean number of leaves on the
shoots of E. obliqua (0.05<P>0.01). This was the only significant
relationship in the eight comparisons made between the numbers of leaves

per shoot.

(b) Between-Site Comparison

The mean number of leaves per shoot in the species on CPN was
significantly higher than the mean number of leaves per shoot on RWS
(6,01 <P>0.001} The number of leaves on the shoots of species. on CPS
just failed to be significantly higher than those on RWS (0.10<P20.05).

None -of the remaining relationships were statistically significant.

(c) Comparison Between the Mean Number of Leaves Per Shoot in
the Untreated and Treated Trees

In the comparison of the mean number of leaves per shoot between
the untreated and treated trees of each species only those of E. pulchella
were significantly different with the treated trees having more leaves

per shoot than the untreated trees (0.05<P30.01).



NOS. LEAVES PER SHOOT

CPN ~ cPs

RWN

T

E.te . E.ob E.va E.te ' E.ob
: . E.v] :

E.pu E.pu

TREE SPECIES

per site

= untreated trees; . D = treated trees

E.ob = E.obliqua, E.pu = E .pulchella,

E.va = E.viminalis (adult foliage), E.vj

= E.viminalis (juvenile foliage), E.te =
~ E.tenuiramis ’ '

" E.va E.te

E.v])

RWS

10

FIGURE 3.11: Histograms showing the number of ‘leaves in treated and untreated trees per spécies,

£eT1



134

There was no significant difference between the number of leaves

per shoot in treated and untreated trees on any one site.

As in the previous section, these results would also seem to
indicate that (1) the insecticide has a differential effect between
the species, a hypothesis which has been discounted; or (2), insects
inhibit leaf growth in E. pulchella only; or (3), insects inhibit leaf
growth in all species, but E. pulchella is unable to recover as well as

the other species (see section 3.3.2.3).

3.3.3 Leaf Damage Studies

3.3.3.1 Leaf Chewers

Figure 3.12 shows the percentage of the total damage ‘caused by
leaf chewers in each species per site. The mean percentage of leaf .
chewing damage is 10.0% (72.7% of the total damage) in E. obliqua,
7.1% (73.3% of the total damage) in E. pulchella, 9.7% (79.4% of the
total damage) and 13.6% (80.8% of the total damage) in the adult and
juvenile foliage of E. viminalis respectively and 10.3% (84.8% of the
total damage) in E. tenuiramis (Tables 3.16 and 3.17).

In the general analysis, there was no significant'between-species
difference in the levei of damage caused by leaf chewing insects. The
percentage damage inflicted by leaf chewers on E. viminalis (adult |
foliage) just failed to be significantly different from that found on
E. tenuiramis (0.10<P>0.05). In the species-site analysis, however,
two relationships were significantly different from one another: the
proportion of leaf chewing damage found on E. obliqua on RWN was sig- -
nificantly lower than that found on E. tenuiramis (0.01 <P20.0dl)and

E. viminalis (juvenile foliage; 0.01 <P20.001).

In neither the general nor the species-site analysis were there an
g y y

significant between-site differences in the level of leaf chewing damage.

The proportion of each of the four types of damage in every species:

were compared with one another in the site-species analyses. Inall
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species on every site the percentage damage caused by the action of
leaf chewers was significantly greater than that caused by any of the

other three damage types.

The results show that leaf chewers are responsible for the
majority of insect damage, and that the differences between the species

and the sites do not affect the amount of this damage type.

3.3.3.2 Leaf Miners and Skeletonizers

The proportion of damage caused by leaf miners and skeletonizers.
is shown diagrammatically in Figure 3.12. The mean percentage damage -
caused by these insects in E. obliqua, E. pulchella, E. viminalis
(adult and juvenile foliage) and E. tenuiramis is 2.0%, 1.7%, 1.0%,
0.7% and 0.8% respectively (Table 3.16; or 15.7%, 19.3%, 6.8%, 4.5%,
and 6.4% of the total damage respectively, Table 3.17).

0f the eight between-species comparisons of this typé of damage,
four were significant. The level of damage caused by leaf miners and
skeletonizers in E. obliqua was significantly higher than that in
E. viminalis (adult and juvenile foliage; P<0.001) and E. tenuiramis
(0.01..<P>0.001). Also, the percentage of this damage type was significantly
higher in E. pulchella than E. viminalis (adult foliage; 0.01 <P>0.001).

When comparing the damage caused by leaf miners and skeletonizers
between the different sites, the level of damage on RWN was significantly
higher than that in both the Chimney Pot Hill sites (0.05<P20.01).

From the comparison of all four types of damage sustained by the
species on eacﬁ'site, the 1eve1 of damage caused by leaf miners and
skeletonizers was significantly higher than that caused by leaf distort-
ing insects-on:(1) E. obliqua on CPN, CPS and RWN; (2) E. pulchella on
CPN; and (3) E. viminalis (adult foliage) on CPS. The level of damage
caused by leaf miners and skeletonizers was significantly greater than
that caused by miscellaneous damage on (1) E. obliqua on RWN;

(2) E. pulechella on CPN and CPS; and (3) E. viminalis (juvenile foliage)
on RWS. '



Zucalyptus Eucalyptus Eucalyptus Eucalyptus’ Eucalyptus

obliqua pulchella viminalis viminalis tenutramis
‘ ' S (adult foliage) - (Juvenile foliage) :
1 2|3 | 4 1| 213 |4 1|23 4 | 1|2} 3] 4 [f1]2f3]4

ceN | 9.9 | 1.6 |0.1] 0.7 |7.9 |2.1 |o.1]0.1 | 8.0 |0.6{0.5] 0.9

cps 8.2 1.2 0.1} 1.7 |6.2 [1.2 0;3'0.1 7.3 |0.8]0.0] 0.9

RWN | 9.2 | 3.0 |0.4] 1.1 ' 115.0 j1.9 0.4 1;9 19.6 10.8]0.2 1.0 10.3{0.8/0.2/0.8

RWS [ 12.8 | 2.2 [0.8] 1.4 8.6 [0.60.5| 1.8 |7.5 [0.5/1.0 | 1.2

TABLE 3.16: The mean percentage damage caused by each of the four types of insect predation. 1 = Leaf Chewers;
2 = Leaf Miners and Skeletonizers; 3 = Leaf Distortion; 4 = Miscellaneous damage.

LET
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Leaf minefs and skeletonizers seem to be far more discriminating,
‘compared- with leaf chewers, in their choice of host species and environ-
ment. E. obliqua and E. pulchella are the preferred species and RWN the

preferred site.

3.3.3.3 Leaf Distorting Insects

Figure 3.12 shows the proportion of damage caused by leaf distort-
ing insects. The mean percentage damage is 2.2% (0.4% of the total
damage) in E. obliqua, 0.2% (2.7% of the total damage) in E. pulchella;
0.4% and 0.7% (3.2% and 6.0% of the total damage) in the adult and
juvenile foliage of E. wiminalis respectively and 0.8% (1.9% of the
total damage) in E. tenuiramis: (Tables 3.16 and 3.17).

There were no éignificant differences in the level of this damage
type between the different species. However, there were between site
differences, with a significantly higher level of damage found on the
Ridgeway sites compared with the Chimney Pot Hill sites. More precisely,
the amount of damage from leaf distorting insects was significantly
higher on RWS comﬁared with CPS (0.01 <P>0.001)and RWN (0.05<P20.01),
and just failed to be significantly higher than that found on CPN
(0.10<P>0.05).  In addition, the level of damage from leaf distorting
insects on RWN was significantly higher than that on CPS (0.05<P20.01).

The level of damage caused by leaf distorting insects is low
compared with the other damage types. While there are no between-

species differences there are, however, distinct between-site differences.

t

3.3.3.4 Miscellaneous Damage

Miscellaneous damage includes damage that may not be of insecct
origin. The proportion of insect initiated damage is unknown.
Therefore, care has to be taken when comparing the distribution patterns

of this damagé type with thé others.



EFucalyptus  Eucalyptus : Eucalyptus . Eucalyptus ' Eucalyptus

obliqua pulchella viminalis _ viminalis : tenuiramis
: ' : ' (adult foliage) (Juvenile foliage)
1 { 23 4 1| 2|3 |4 1|2 (3] 4 1] 2 3 4 112|3}4

cPN | 78.3 | 14.6/0.8| 6.3 |76.8|21.6(0.7 [1.0 | 80.5{5.5[6.0 8.1

CPS 73.0 | 11.4 1.1 14.5 |77.8(16.9 4.7 |0.7" 81.2n8.5 0.5] 9.8

RWN | 65.8 | 23.2]2.4 | 8.7 - 82.58.5(1.21 7.9 88.914.1| 1.3} 5.7 84.8(6.4|1.9(6.9
RWS 73.7 |13.61|4.3 | 8.4 . : 73.2 4.7 [4.9 17.2 72.614.9110.7 |11.8
TABLE 3.17: The mean percentage damage (nornallsed) caused by each of the four types of insect predatlon

per species, per site.
1l = Leaf chewers; 2 = Leaf miners and skeletonizers
3 = Leaf distortion; = 4 = Miscellaneous damage
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Figure 3.12 shows. the proportion of miscellaneous damage found
on every species per site. The mcan percentage of miscellaneous damage
is 1.4%, 0.1%, 1.4%, 1.1% and 0.8% (or 9.5%, 0.9%, 10.8%, 8.8% and
6.9% of the total damage) in E. obliqua,‘E. pulchella, E. viminalis
(adult foliage), E. viminalis (juvenile foliage) and E. tenuiramis
respectively (Tables 3.16 and 3.17).

In the general analysis, the amount of miscellaneous damage in
E. viminalis (adult foliage) was significantly higher than that in
(1) E. pulchella (0.01 <P20.001); (2) E. viminalis (juvenile foliage);
and (3) E. tenuiramis (0.05<P30.01). The level of miscellaneous damage
in E. obliqua was also significantly higher than that in E. pulchella
(P<0.001) and just failed to be significantly higher than that sustained
bva; tenuiramis (0.10<P20.05).

The miscellaneous damage found on RWS was significantly higher
than that on CPN (0.05<P>0.01). However, the amount of this damage on
RWN just failed to be significantly different from that on CPN
(0.10<P20.05).

In the comparison of the proportion of each damage type within a
species and site, the amount of miscellaneous damage was significantly
higher than leaf distortion damage on (1) E. obliqua on CPS and -RWN;
and (2) E. viminalis (adult foliage) on CPS. |

.Like leaf miners and skeletonizers, the miscellaneous damage

varies between species and between sites.

3.3.3.5 The Insect Community and Overall Damage

Leaf chewers cause the most damage of all taxa followed by leaf
miners and skeletonizers. The damage from sapsuckers, psyllids aﬁd
gall formers is low. Tt is difficult to translate these figures into
a measurec of insect abundance. However, it would appear from the very
great differences in the proportions of the four damage types, that the
insect community is akin to that found in mature forests rather than

that found in young trees (Ohmart 1983b). Tt may be not so much the age
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of trees that determines the insect population, but the level of
disturbance, since the young trees sampled in other studies (see
Ohmart 1983b) come from more highly disturbed environments than those

sampled in this research.

3.3.4 Insect Species Occurring in the Canopies of Small Trees

Very few insects were collected, partly because of the method
of sampling and partly because of the scarcity of insects during
1982-1983 (see 3.4). Those that were collected are listed in Appendix

One.

3.4  DISCUSSION

The results obtained in the present study may be .briefly summarized
as follows. There were no between-species &ifferences in the actual
damage found on six-month-old shoots. . However, one-year-old leaves of
E. obliqua on RWN sustained significantly higher levels of damage than
E. viminalis (adult foliage) and E. tenuiramis. There were no between-
species differences inlfhe amount of damage caused by leaf chewing or
‘leaf distorting insects in the general analysis.v Nevertheless, between-
.species'differences were found in the following indices of damage (table
3.18): the amount of total damage, leaf loss, damaged leaves, mean shoot
length; mean number of leaves per shoot, miscellaneous damage and damage

caused by leaf skeletonizers and miners.

There were no between-site differences in the level of total
damage, leaf loss, leaf chewing damage, or in the mean shoot length of
species in the general analysis. However, the species on the Ridgeway
sites sustained significantly higher amounts of actual damage, damaged
leaves, miscellancous damage, leaf distortion, and damage caused by leaf
skeletonizers and miners, compared to the Chimhey Pot Hill sites. Con-
versely, the number of leaves per shoot was higber on the Chimney Pot

Hill sites than on the Ridgeway sites.
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E. obliqua >E. viminalis (af) X | X |RWS| X X 4 (5)
SE. viminalis- (jf) RWS{RWS| X | X X 3 (5)
>E. pulchella X X | X 3 (3)
>E. tenuiramis X X X 3 (3)
E. viminalis >E. obliqua RWN 0 (1)
(adult >E. viminalis (3f) X 1 (L)
foliage) >E. pulchella XX 2 (2)
1 >E. tenuiramis X1 XX 3 (3)
E. viminalis >E. obliqua_ X RWN 1 (2)
(juvenile sE. viminalis (af) ‘ 0 (0)
foliage) >E. pulchella 0 (0)
>E. tenuiramis 0 (0)
E. pulchella >E. obliqua 0 (0)
>E. viminalis (af) 1 X | 1 (D
>E. viminalis (Jf) l 0 (0)
>E. tenuiramis 0 (0):
E. tenuiramis >E. obliqua RWN 0 (1)
>E. viminalis (af) 0 (0)
SE.. viminalis (Jf) 0 (0)
>E. pulchella 0_(0)
_ E. obliqua 14 (20)
Results from the general analysis are represented by E. v1:m1:nal7:s(c§f')11(_'13)
. - . E. viminalis(jf)5 (8)
a cross and those from the species-site analysis by
. ] . X . oL E. pulchella 6 (6)
the site in which the relationship is significant , .
. E. tenuiramis 6 (7)
(p <0.05)
af = - adult foliage; Jf = juvenile foliage

TABLE 3.18: Significant between-species differences.
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- Comparisons between the damage levels for each of the ten
variables for the treated trees compared to those which were untreated
revealed that: (1) the amount of actual damage in untreated trees was
. signifiéantly higher than that in treated trees on all sites and in all
 but one épecies (E. viminalis; juvenile foliage); (2) the number of
damaged leaves (the only other variable to show between—site differences)
in untreated trces on CPN and RWN was sigﬁificantly higher’thanvthe '
numbefs of damaged leaves in treated trees; (3) there was no significant
difference in the percentage total damage, or percenﬁage leaf 1055’
(except in E. viminalis; adult foliage) between treated and untreated
trees; (4) a significantly higher percentage of missing leaves was
found on the treated trees of E. viminalis (adult foliage) than on the
equivalent untreated trees; (5) the shoots on the treated trees of
E. viminalis (adult -foliage) were significantly shorter than those .on
the untreated trees; vand (6) the tréated trees of E. pulchella had
significantly longer shoots and a higher number of leaves per‘shoot than

‘present on the untreated trees.

The levels of damage were lower than, or at the lower end of the
range of, estimates obtained in other studies (table 3.19). Moreover, -
the amount of insect damage recorded in the present study may have been
overestimated since it included a measurement of miscellaneous damage
that may have been caused by other organisms as well as insects. The"
amount of miscellaneous damage may have in itself been over—estimated
since any holes created in very young 1ea§es enlarge as the leaf expands
(Reichle et al. 1973). -However,. as miscellaneous damage constitutes
only a small proportion of the damage overall the difference contributed

by this variance to actual damage totals is probably negligible.

The differences in the estimates for leaf area loss between this
‘research and the stuﬁy of Fox and Morrow (1983; table 3.19) are in
reality even greater, since in the latter work only damage caused by
leaf chewing insects is recorded. This fundamental difference in what
is recorded as a measurement of insect damage highlights one difficuity
involved when comparing results from many studies. Equally, it is diffi-
cult to make straightfofward.comparisons between studies‘differing with

respect to altitude, climate, geology, the age of trees cor foliage



Author and Location| Description '
time of of site of site Altitude Aspect Level of Specics Ape and Age and X damage| Z leaf Z damaged
data Disturbance] leight Type of ’ loss leaves
collection . f trees foliage
F.M. Marks S.E. Dry sclctophyll North- ) Young shoots;
Tasmania{forest on 400 facing slope|Low £. obliqua Noung; 2-3m 6 months old 8.3 27.9 78.2
w  (Dolerite 400 " " - le. pulchella " 7.7 27.4 74.2
" “ 400 " " E. viminalis " " 1.6 20.8 66.4
. -|(adult foliage)
" " 400 " South- ' :
facing slope| " E. obliqua " " 7.2 30.8 8L.4
" " 400 " " E. pulchella " " 5.7 22.6 67.7
" " 400 " " E. viminalis " " 6.3 21.2 74.6
(adult foliage)
" bry sclerophyll
forest on North- ’
sandstone 250 facing slope| " E. obliqua " " 9.1 35.3 81,3
" " " " " E. viminalis " " 12.6 19.6 96.1
(adult [oliage)
» " " " " E. viminalis " " 16.0 30.9 66.9
(%?pril% .
olia ,
" " " " " E. tenmiiramis " " 10.4 2.2 82.5
" " " South- " '
facing slope E. obliqua " " 12.7 43.0 | 93.5
" " " " " E. viminalis " " 8.0 28.0 75.5
(adult foliage)
" “ "
" " E. viminalis " 7.5 '10.1 65.9
(juvenite ’
" " " " foliage) "
North- E. obliqua One year old 21.2. - -
facing slope . leaves
" " " " " E. viminalis " " 16.6 - -
(adult foliage)
" "o ) " " " E. tenuiramis " " 8.7 - -
Fox and S.E. Woodlands >1800 - Relative- |[E. obliqua Different | Damage recorded | 15.0 - 72.0
Morrow (1983) Aust- L _ ly undis- _— . age and on current sea-
1975-80 ralia [UPlonds © - turbed E. vintnalis height sons leaves at 12.0 9.0 43.0
" Woodlands <300 - " E. obliqua " end of growing 7.0 - 73.0
' season -
TBurdon & S.E. Relative— . . . .
Chilvers Aust-  |Forest 730 - ly Jis- |E.viminalis Saplings Damage recorded 13.0 _ B
alia turbed on current .
(1974a) r seasors leaves
Kile (1974){ South- {[Pure forest - - Regrowth |E. obliqua 60 years Damage recorded 66 o ) _
ern stands ' forest otd; 32~ on current .
Tas- Yim 'seasons lecaves
vma;ia " - - - " " in mid January | 22.0 - -

TABLE 3.19:

as the type and age
between studies,

A comparison of the differences in percentage damage, leaf loss and the percentage of damage leaves in species
of foliage samples, the age of trees, the level of disturbance and the environment varies

291
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sampled or the method of assessing leaf chéwing damage (table 3.19).
There -is also the problem of equating the level of disturbance
between sites. For instance, the vegetation in Ridgeway Park Reserve
bhas been disturbed, but by the standards of the Australian mainland

it is virtually pristine.

The present study revealed that there may be significant
differences between the amount of actual damage found on old foliage of
E. obliqua compared to that found on the old foliage of other species.
This implies that if a sample of different aged foliage from each
species was- compared with every other species, E. obliqua would
sustain slightly higher levels of damage than those present in other
speciés, although this result would depend on the proportion of young
to old foliage. For instance, in very young trees the proportion of
young to old foliage would be higher than in mature trees. Thus, at
the crucial stage of forest development, E. obliqua may show very little,
if any, difference in the level of damage sustained, when compared with
other species. Furthermore, shoot growth and leaf fall occur at approx-
imately the same time (Jacobs 1955; see Section 3.3.13), as may leaf
loss due to environmental stress. Thus, the tree will, at times, con-

tain a very large percentage of young compared with old leaves.

3.4.1. Patterns of Damage Between the Species

' Table 3.18 shows the number of times the level of damage is
significantly higher in one species compared to another. £E. obliqua
is.involved in the greatest number of significant relationships with

other species, 14 in all (20 in the species-site analysis).

These findings would seem to indicate that E. obliqua is distin-
guished from the other eucalypt species both by its anatomy and its
sensitive response to damage. It is also interesting that there is
some differentiation between the response of the adult and juvenile
foliage of E. viminalis to damage. More especially, the adult foliage
is particularly vulnerable to miscellaneous damage. It was very notice-

able in the field that the juvenile foliage was affected by a leaf spot
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that was probably fungal or viral in origin. The extent of the
leaf spot was not recorded. However, the indications are that the
adult and juvenile leaf form differ in their attractiveness and response

to damage forming organisms.

Three of the indices measuring insect damage did not display
any between-species variation; (1) damage by leaf distorting insects,

(2) leaf chewing damage (see below) and (3) actuzal damage.

The very low actual damage recorded, and the absence of any
between-species differences could be; (1) the norm in eucalypt.forests
(Ohmart 1983a); see introduction) and/or (2) due to the drought
experienced in south-eastern Tasmania from the late 1970's until 1983.
Ohmart determined annual leaf consumption from measurements of frass
fall. He found that insect activities accounted for the loss of 2 - 3%
of annual leaf production. It is not known how accurate these findings
are in view of the fact that firstly they are based on estimates of
Approximate Digestibility (AD) which aré derived from published values
of AD for insects feeding on tree foliage since there is no such data
available for the majority of the insects found in eucalypt forests.
Secondly, the use of frass fall as a surrogate measure for percentage
damage to the foliage increases the physical distance between insect and
eucalypt and therefore lessens the reliability of this method as a mirror

of the impact of insects on eucalypts.

Generally, apart from sampling young trees, the downfalls of
measuring percentage damage to foliage as described by Ohmart (see
introduction) have been avoided in this research. As expected the values
of actual damage found were higher (7 - 12%) than those found by Ohmart
for mature trees, but lower than those found in similar aged trees in
other studies. However, in view of the limitations in the use of frass
fall to determine leaf consumption by insects it would be necessary to
undertake further research using and modifying this method before Ohmarts
findings could be verified as the norm in eucalypt forests. It is
highly conceivable for instance, that the results from Ohmarts work and
the findings of this study merely reflect the effect of a period of less

than average rainfall on insect populations.



147

It has been reported that a drop in insect activity and damage
occurs .during a drought (Kile 1974; Specht and Brower 1975; Fox and
Morrow 1983). If insect damage levels are abnormally low, then it is
probable that the differences between the damage sustained by species

would not be large enough to be statistically significant.

Drought may also partially account for the very high levels of
missing leaves, and therefore total damage, especially in E. obliqua
(see below). Leaves are prematurely abscissed during a drought in
order to conserve water (Ohmart et al. 1983a). On many trees (espe-
cially E. obliqua on CPN) whole branches of leaves died during'the
summer. These factors, and the absence of any differences between
leaf loss and total damage on treated and (except in the case of
E. viminalis; adult foliage) untreated trees, would seem to indicate
that insect predation had little effect on the overall level of hidden
damage during the period of study. This is especially so since the
number of missing shoots may in some cases have been underestimated in

treated trees.

The implication is that in a non-drought year the pattern of
damage in dry sclerophyll forests may be very different from that found
in a drought year. Also, the amount of hidden damage caused by other-
(often inter-related) variables, such as high winds, plant pathogens
etc. (Section 3.2.5.1.2) will vary in time and space, so that total
damage may vary between different drought years, and between different

non-drought years.

Although many trees showed signs of drought damage especially on
CPN, the most xeric site, no between-site differences were found in the
level of total damage or leaf loss. This is probably because: (1)
there was quite extensive damage on all sites as a result of the activi-
ties of larger herbivores and very high winds, and (2) any shoots that
were obviously damaged by the effects of drought or high winds etc.
(that is where branches or whole sections of the tree had died) were

obliterated from the analysis.
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Mean shoot length was the only other variable to show just
between-species differences. That no between-site variation was
found was surprising since changes in the growth along environmental
gradients'has been demonstrated for tree height, leaf shape, bark thick-
ness and the amount of glaucousness (Barber 1955; Barber and Jackson
1957; Barber 1965). However, the environments under consideration in
the aforementioned studies showed a greater range of variation than
those displayed between the north and south-facing slopes on Ridgeway

compared to Chimney Pot Hill.

3.4.2. The Environmental Gradients Controlling the Patterns of Insect

Damage

The énvironmental gradients that may effect changes in the type
and amount of insect damage between the sites include soil moisture
availability, soil fertility, humidity, wind speed, temperature and
exposure. These physical factors may have an indirecﬁ effect on
insects through their control of the distribution, structure and com-
position of forest communities (chapter two) and their influence on the
nutritional and chemical composition of the foliage. Direct control of
insect populations most probably results from the effects of microclimate.
Figure 3.13 illustrates how the integrated effects of the environment

may influence plant and insect communities.

Table 3.20 shows the probable ordering of sites with respect to
the relative advantage of each environmental gfadient to plants (see
Chapter two) and insects. It was thought highly probable that, due to
the drought, soil moisture availability would be the most limiting factor
and therefore have the greatest influence on the lével of insect damage.
Drought has been associated with an overall decline in inmsect activity
(see earlier in discussion). It may also influence insects in an-
‘indirect manner by effecting changes in the chemical and nutritional
composition of the foliage (section 3.1). Very little work has been
done on the interplay between moisture ana the concentration of nutrients
and allelochemics in euéalypts (Landsberg and Wylie 1983), however, it

has been reported that on sites which'experience high water stress
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] !
Soil Moisture ' !
Availability CPN | RWN CPS | RWS
. I
— |
Temperature | CPS CPN RWS | RWN
' i
‘Humidity CPH RW
Wind Speed CPH RW
Exposure ‘ CPH L RW
Effect of Soil _
Fertility on Plant - RW CPH
Communities "~ ’ ' ' o :
Effect of Soil v :
Fertility on Insect . CPH RW
Communities :
CPN North-facing slope at Chimney Pot Hill
CPS South— . " " " []] " "
CPH Both north and south-facing slopes at Chimmey Pot Hill
RWN North-facing slope at Ridgeway
Rws South— 11 1"t 1"t LI
RW Both north and south-facing slopes at Ridgeway.

Table 3.20: The ordering of sites along environmental -

gradients
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increased insect activity may result (Mattson and Addy 1975;
Landsberg and Wylie 1983). 1If soil moisture availability does affect
insect activity in this manner it is to be 'expected' that trees on
the most drought prone site (CPN; see chapter two) would experience
more damage than those on RWS, the most mesic site. This was
generally not the case {since so little is known of how insects and
eucalypts-respond to changes in the amount of available water it
should be emphasized that a1Lhough~actua1 damage did not appear to be
influenced by the drought in the 'expected' manner, this does not
altogether preclude the possibility that drought may influence insect
activity). Three variables differed significantly between these two
sites (table 3.21); only one (the number of leaves per shoot) was
significantly higher on CPN, while the other two (the amount of mis-
cellaneous damage and the percentage of damaged leaves) were signifi-

cantly higher on RWS.

The number of leaves per shoot, is a product of the genetics of
the species and the percentage damage (insect or otherwise). The
significantly higher number of leaves on CPN compared with RWS does not
seem to be a product of the differences in leaf and shoot loss between
sites, since leaf loss and total damage did not vary. It seems para-’
doxical that a site more réadily experiencing moisture stress and
exposure to hot dry winds should have a high number of leaves, when the
tendency appears to be for the trees to discard their foliage in such
circums tances. It may be that the trees on the more drought-prone site
have produced more, but smaller and therefore more drought resistant,

leaves.

Miscellaneous damage comprises damage caused by insects and other
organisms. Therefore, it is not unduly surprising that the amount of

this type of damage is not seemingly related to water availability.

The difference in the percentage of damaged leaves per shoot
between the sites may have been unrelated to the direct effects of
water stress as described above however, moisture availability may
indirectly affect insect abundance by stimulating greater leaf production

on the more mesic (Ridgeway) sites. It is conceivable that a greater



RWN >CPS RWN >CPN RWS >CPS RWS >CPN CPN > RWS CPN > RWN CPN > RWS CPS > RWN
%Z actual % damaged leaf distort- | 7 damaged mean no.
damage leaves ing insects leaves of leaves
: per shoot
leaf leaf miners miscellan-
General | _;
miners & & skelton- eous
Analy- .
is skeleton—- | izers damage
S " | izers
leaf dis-
torting
insects
Species-| # damaged % damaged
site leaves leaves
analy- | (E.vimin-— (E.obliqua)
sis alis; af) B _
RWN >RWS RWS >RWN
General leaf.dls—
Analy- torting
. ' insects
S18 .
Species-| 7 missing #Z damaged
site leaves leaves
analysis| (E.vimin- (E.obliqua)
li8; vg)
'TABLE 3.21: Significant between-site differences (P<0.05) RWN>CPS = damage on RWN significantly greater than

af = adult foliage;

j£ = juvenile foliage

that on CPS etc.
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density of foliage attracts relatively higher numbers of insects and |

therefore increased damage (Carne 1965).

It may be that the pércentage of damaged leaves is higher on RWS

- compared with CPN simply because the mean number ‘of leaves per shoot

is significantly less in the former site. The proviso would be that
insect abundance (and/or the amount of foliage consumed by the particular
insect community at each site, if different) did not differ significantly
between the two sites, or as is more likely from the results was higher
on RWS (due to the greater density of new foliage and/or other factors;
see below). Two further relationships would seem to indicate that the
differences in the number of lcaves damaged may be explained by the
differences in the mean number of leaves per shoot between sites,

" especially in one species; . E. obliqua. Firstly, the number of

E. obliqua leaves damaged on RWS was significantly higher than those
damaged on CPS, which may be explained by the greater number of leaves
per shoot on CPS compared with RWS, a relationship that just failed to
be significant (0.05<E’;0.10). Secondly, the percentage of damaged
leaves on E. obliqua at RWS was significantly higher than the percen-
tage of damaged leaves at RWN. At RWN the number of leaves per shoot
on E. obliqua was higher than the number at RWS, although not signifi-
cantly so. This explanation for the changing number of damaged leaves
between sites however, does not account for the significantly higher
levels of damage bn; (1) RWN compared to CPN and (2) on RWN compared
to CPS in the foliage of E. viminalis (adult foliage). It would seem
therefore, that the amount of leaves damaged depends on the influence

of an environmental variable instead of, or as well as being influenced

by the number of leaves per shoot (see below).

It is interesting that the percéntage of damaged ledves should
demonstrate between—species variation, as well as between-site varia-
tion, whilst the percentage actual damage did not do so (Table 3.18).
It is conceivable that the numbers of leaves damaged by insects is
relatively high, even if absolute damage levels are not. Moreover,
large numbers of larvae may begin feeding on leaves, only to die of

dessication in abnormally hot, dry conditions.



154

_ Many of the other forms of insect damage considered (i.e. the
percentage of actual damage and the damge by leaf miners and
skeletonizers and leaf distorting insects) were also found to be
higher on either one or-botﬁ of thé Ridgeway sites compared with one
or both of the Chimney Pot Hill sites (table 3.21). It is conceivable
that the pérticular forms of insect damage are influenced by the =
variation in microclimate between Ridgeway and Chimney Pot Hill
resulting mainly from differences in altitude and exposure between
the two sites. Temperatureé on Chimney Pot Hill are reduced relative
to those at Ridgeway because it is some 100 metres higher a.s.l.
vFurthermore, windspeed is higher at the former site, exposure to the
hot dry winds of summer and cold winds of winter greater and the level
of humidity reduced. Overall therefore, the microclimate at Ridgeway,
and especially RWN, is more favourable to insects (chapter ome). For
example, the damage by leaf miners and skeletonizers was significantly
higher on RWN compared to CPN and CPS. This may represent the '
preference of these insects for the superior microclimate at Ridgeway

and their dislike of the cold, more exposed Chimney Pot Hill sites.

It is also probable that the insect population is affected by
the soil fertility gradiant (table 3.20). Mattson and Addy (1975)
review a number of studies that show insect damage increases. as soil

fertility declines.

- While soil fertility and microclimaﬁe may act in combination
to influence the amount and type of insect damage, they may alternatively
have no effect at all. bFactors such as the particular composition of
species in the under and overstorey may have a greater influence over
the abundance and/or particular species of insects and therefore the

overall level of damage (Burdon and Chilvers 1974b).

In.aadition to the significant relationships between the level
of damage by leaf distorting insects on CPS compared with RWN and RWS,
" these insects also appear to distinguish between the environments at »
RWN and RWS. This would seem to indicate that another underlying factor
is influencing the distribution of these insects at Ridgeway. Fﬁnther—
more, in contrast to the findingsin this study, Burdon and Chilvers

(1974b) found that leaf galls were more prevalent at higher altitudes.
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Although gall formers éomprise only part of the total number of leaf
distorting insects it might be expected that any altitudinal differ-.
ences ih their'distribution would be borne out in the results. The

fact that the lower altitude sites bore significantly more damage by
leaf distofting insects than those at higher altitudes gives further
credence to the. assertion that another, overriding factor is responsible
for the differences in the amount of damage between RWN and RWS.

‘Such a factor may be the age of the trees or the level of disturbance.
Despite the effort to minimize between tree differences, the trees
sampled on RWS were younger than those on the other three sites. This
fact may influence the abundance of leaf distorting insects (Ohmart et al.
1983b). RWS is also the most highly disturbed of the four sites with
roads passing across the top of it and cleared land to one side

(Figure 2.2).

The amount of leafloss in E. viminalis (juvenile foliage) also
varied significantly between RWN and RWS (table 3.21). It is difficult
to ascertain the significance.of this result when it is based on such

a small sample size.

In all but one instance, the level of insect damage is higher
on the Ridgeway sites. This has variously been attributed to the effects
of microclimate (as influenced by exposure and altitude) and/or soil -
fertility and/or the indirect effects of a soil moisture gradiant.
Where insects were able to differentiate between the north and south-
facing slopes at a site, it did not seem to be on the basis of the
inherent physical environment on these slopes but on other factors such
as the level of disturbance. Other as yet unconsidered 'biotic' factors
(i.e. predation, inter- and intra-specific competition) which may in
themselves be modified by the physical environment, may also act on the

distribution, composition and abundance of imsects.

"In contrast to the nine variables thus far discussed, leaf chew-—
ing damage did not vary significantly between either the sites or
species in the General Analysis. Leaf chewers cause the most damage in
all species on all sites. If the different tyﬁes of chewing damage

could have been attribted to the activities of certain ingects, then
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perhaps some differentiation in the amount of damage between the
sites and species may have been found. Even so, the overall levels
of insect damage might have been too low during the period of study

for any relationships to be evident.

The indication is that the relationship between insect and environ-
ment is complex. In all probability a combination of factors influences
the type and amount of damage. This combination may vary between

species, in space and time.

3.4.3. Insects as a Control of Forest Community Patterns

One line of research in insect-eucalypt relations has considered
the role of insects in the formation 6f mixed stands (Chilvers 1972;
Burdon and Chilvers 1974; Chilvers and Brittain 1972; Duff et al.1983;
Rogers and Westerman 1979). Pryor (1953, 1959) noted that eucalypt '
species from different subgenera-tended to grow together in (mixed)
stands. That is two or more species unable to interbreed share the
same resources and the same niche (cf. Austin et al. 1983).
Insects have been considered as part of the mechanism by which
eucalypt species from different subgenera can occur together in a forest,

despite the trees utilizing identical resources.

Chilvers and Brittain (1972) develdped a model which was later

- extended by Burdon and Chilvers (1974), in which differential parasite
(i.e. Phytophagous insects, fungi and galls).attack between tree sﬁecies
resulted in two tree species coexisting. Basically, of the two tree
species occurring on a site, the more abundant/dominant one would be
subjected to higher levels of insect damage and therefore reduced
productivity. The model presupposes amongst other things that insect

damage is high enough to affect plant primary productivity.
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Most trees on Chimney Pot Hill and Ridgeway study sites were
from the subgenus Monocalyptus. However, there was no difference
_between the actual damage sustained by the young shoots in these
species and that sustained by E. viminalis (from the subgenus
Symphyomyrtus). Overall, the foliage of E. obliqua may be more heavily
damaged than E. viminalis (adult foliage). However, the younger the
tree the less likelihood that this relationship is significant (see
earlier in Discussion). More importantly, however, the levels of
damage sustained by all species are not large enough to substantially

affect plant productivity (Mattson and Addy; cited by Ohmart et gl.1983a).

It would appear from these results that young trees, and for that.
matter mature trees (Ohmart et ql.1983a) do not sustain sufficiently large
amounts of actual damage to place the Monocalyptus species at a dis-
advantage compared with the Symphyomyrtus species, or for that matter

any one species at a disadvantage compared to another.

However, the level of total damage sustained by the trees may
be high enough to affect plant primary production. Where insect
damage levels exceed 40% then losses in primary production may be
proportional to £oliage'losses, between 5 - 307 they have not been found
to adversely affect plant primary production (Mattson and Addy 1975;
‘cited by Ohmart et al. 1983a). Three tree species, all from the sub-
genus Monocalyptus, had mean total damage levels of more than 307;
E. obliqua (41.0%), E.tenuiramis (32.7%) and E. pulchella (30.27%).
The values of 28.9% and 29.47 for E. viminalis (adult and juvenile
foliage respectively), from the subgenus Symphyomyrtus, although below
30% are so close to the aforementioned values (excepting E. obliqua) it
is unlikely thai there is any great difference in their impact on plant
productivity. However, it does seem that E. obliqua sustaining 41.0%

total damage is disadvantaged compared to all the other species.

Insect activities may affect the forest community composition,
but only as part of a web of inter-relationships that varies between

tree species and sites.
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Figure 3.14 a - b model the distribution of three tree species
along the moisture gradiant, in the absence and presence of differential
total damage by insects. The diagrams could be further modi fied to take
into account between-site differences in total damage. All three tree
species (E. obliqua, E. pulchella and E. viminalis) are subject to some
damage. However, E. obliqua sustains significantly higher levels of
"actual (i.e. old + young foliage) and total damage compared with the
other species. Hence, the range of E. obliqua may be significantly

reduced (see below).

E. obliqua dominates those environments in the middle df its
ecological range because of its relatively fast growth rate (see
section 3.3.2.3.). 1Its leaves, which were not found to differ
significantly in the number per shoot from other species, have a large

surface area compared to E. pulchella, E. temuiramis and E. viminalis.

However, E. obliqua 1is particularly susceptible to water stress,
not .being able to open and close its stomata in accordance with climatic '
conditions (Sinclair 1980). Thus transpiration continues when most
other eucalypts have closed their stomata to prevent water loss.

E. obliqua therefore requires large amounts of water from the soil. As
a consequence of this characteristic, at the margins of its distribution
along a soil moisture gradiant the effects of water stress (i.e. the
dfought) may cause the death of leaves and shoots. The level of hidden
damage caused by climatic/environmental stress, in conjunction with that
resdlting from insect activities and plant pathogens'etc. (the magnitude
of each variable varying dependently or independently of each other in
time and space) may reduce productivity of the tree species to such an
extent that a particular individual could be outcompeted by other tree -

species in an area where it formerly occurred.

It would seem that the margins of a species distribution may be
subject to cyclical oscillations depending partly on environmental
conditions, together with the amount of insect damage the tree species

incurs. .
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E. viminalis (adﬁlt foliage) is less susceptible to soil moisture
stress than the other species (Kirkpatrick and Marks, in press).
‘Therefore, during years of drought it is at a competitive advantage
compared with other tree species because of (1) its tolerance to water

stress and (2) the slightly lower levels of total damage sustained.

E. pulchella does not gain a competitive advantage under particular
climatic conditions (cf. E. obliqua and E. viminalis) but is competitively

superior at some times of the year.

E. pulchella differs from the other species in that it bears new
growth all the yearvround (cr. bimodal growth patterns of the other
>species), indicating that it is in the middle of its climatic range,
although growth may cease when temperature and soil moisture stresses are
very high, as in mid-summer, or when temperatures and insolation are very
much reduced, as in winter. Thus, E. pulchella avoids intense competition
for nutrients and water during spring and autumn when most trees are
experiencing a growth flush. Furthermore, by not concentrating growth in
one or two limited periods, E. pulchella may avoid the very heavy foliage
losses caused by insects which emerge to coincide with the growth of new
shoots. Thus, E. pulchella may avoid 1argg losses of new foliage at times
‘when starch reserves, and therefore the ability to refoliate, are at a
‘minimum, usually after periods of rapid growth (Mazanec 1967; Morrow 1977).
The fact the new growth is available all the time does not necessafily mean
that the foliage is heavily attacked in the absence of new growth on
other species. For most of the year the young foliage on E. pulchella
would be hard to find amongst the foliage of other trees; 1i.e. it is
less apparent and much of the grbwth occurs when insects are quiescent

-(Feeny 1975; Rhoades and Cates 1975).

E. pulchella sustains its maximum insect damage during February.
" This may be because water retention is most important during this period
and growth may have been inhibited by unfavourable weather conditions.
It seems then the loss of leaf area through the actiVity of insects may

in fact be beneficial.
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Another effect of insects on E. pulchella was to reduce the
length and number of leaves per shoot. These may have been reduced in
all other species too, this effect having béen masked by the time of
-’sampling, which coincided with the period of new growth. This fact is
important because it means that the damaging effects of insects may dis-
advantage a species only at certain times during the year and advantage
it at other times. Thus a particular species may be at a competitive
advantage or disadvantage compared with another over a period of time
ranging from one month to several years or more (cf. Gill and Ashton

1968).
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CHAPTER 4 DISCUSSION

Changes in the structure, composition, distribution and physiology
of plant communities were reflected by changes in the receipt of radiant
energy. Further investigation of this phenomenon showed that incident
" radiation was controlling changes in soil moisture availability and that
in all probability variations in the amount of soil moisture available

to plants was an important determinant of forest community patterns.

The effects of soil moisture availability were examined by looking

at the changes in the distribution of species across three soil types

in relation to specific values of incident radiation and more generally
to the differences in water availability between the different soils.

It was found that the amount of moisture available to plants in each of
the three soils could not be determined from just a straightforward
compilation of the effects of rainfall, interception, run-off, evapo-
‘transpiration and soil watef_capacity under the direct and indirect
control of solar radiation, since structural and textural differences
between the soils causeéed subtle variations in the amount of available

moisture.

The influence of insect grazing (actual damage) on forest community
patterns was found to be negligible. Whether the low damage levels
recorded represent the 'normal' state in eucalypt forests (Ohmart et al.
1983a) or whether they were the result of decreased insect activity
during drought conditions (Kile 1974; Specht and Bower 1975) is unknown.
In all probability the effect of the drought did cause a reduction in
the level of insect giazing. However, it is unlikely that even during
a non-drought year the amount of defoliation by insects would increase
to the extent that it could influence the composition, structure and dis-

tribution of plant communities.

Conversely, it was fpund that the levels of total damage, compris-
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ing damage from the effects of adverse climatic conditions (i.e.
drought, high winds), insects and other sources (Fungi, herbivorous
animals efc.), may have been large enough (if it is accepted that damage
exceeding 307 may seriously affect plant productivity) to disadvantage

at least one species (E. obliqua).

It was hypothesized that species of Eucalyptus are particularly
vulnerable to the effects of insects and/or drought at the margins of
their environment range, where their balance with the environment becomes

increasingly precarious.

The importance of soil moisture availability versus inééct
predation as a major cause of changes in the forest community varies in
time and space. For the majority of all plant species the primary con-
trol of forest community patterns is the availability of soil water and
‘less importantly factors such as soil nutrient status and the level of
disturbance. The effect of these gradients is on-going and continual.
Insect predation of the magnitude requifed to impinge upon and override
the control of the aforementioned environmental gradients may occur in
cycles, at time intervals of several years or more_(Varley‘et al.1973;
Ohmart et al. 1983a). It has been reported that heavy infestations of
insects can, depending on the severity, frequency, timing and extent of
the outbreaks, potentially alter the composition and structure of the

forest (Mattson and Addy 1975).

On the north-facing slope of the dolerite site where the combined
effects of water availability, fire and shallow soils most probably
determine the nature of the plant community (grassy woodland with few
mature trees), it is difficult to conceive how insect grazihg even at
outbreak proportions has or will override the influence of the afore-
mentioned environmental variables to effect changes in the composition
and abundance of the tree species. 'However, on slopes where these
environmental variables are not so limiting, insect grazing may have
some impact by attécking the most physiologically vulnerable individuals
or species (i.e. E. obliqua) thereby reducing their competitiveness.
From this short term study it is difficult to determine whether soil
moisture availability or insect grazing has the greater ecological

impact overall.
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After a fire, the severity, incidence and overall effect of
whiéh varies between the three sites, there may be an increase in the
amount of young fbliage and 'in the number of young trees. Hence, the
competitive advantagé of those Spécieé:in which only the young foliage
is grazed, over others in which foliage is continually grazed throughout

its lifespan, is diminished if not obliterated.

The interplay if any between the insect population of the shrub
layer and tree canopy has not been considered in this res;arch (see
Springett 1978). It may be that insect activity severely weakens the
shrub layer in space and time giving the advantage to the trees and
vice versa. Some insects spend the various stages ofltheir life cycle
~in-different parts of the fofest and hence under the influence of

different environment controls (see below).

Insect grazing would appear to be at least partially controlled
by environmental factors. The extentof this control versus that of

biotic factors most likely varies in space and time.

Whether changes in the composition and distribution of insect.
coﬁmunities are attributable to the effects of solar radiation in itself
or to other environmental variables that are controlled by solar '
radiation; were to be investigated directly from the results of insect
sampling and indirectly from a comparison of the levels of insect
damage on the north- and south-facing slopes at Ridgeway and Chimney Pot
Hill ovef the 1982/83 season. Unfortunately the method of insect
collection was rendered inadequate, and consequently unusable, as ‘a
result of the overall reduction in insect numbers during the period of
study. Any future attempt to test the hypothesis that incident
radiation controls the inséct_population would have to utilize another
more exacting method of insect collection and extend the sampling in

time and space.

There was a major problem in using a surrogate measure (the amount
of damage to the foliage) to determine the gradients controlling insect

populations in that it was not known how closely patterns of insect
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damage reflected changes in the composition, distribution and abundance

of insects.

- From the results it was impossible to isolate one environmental
gradient as being responsible for the overall control of insect
populations and in fact in all probability a combination of gradients

determined the distribution and compositioﬁ of insect communities.

The topographically—inducedvariations in radiant energy on north
and south-facing slopes did not appear to influence insect populatibns.
It could be that on the slopes at Ridgeway and Chimney Pot Hill the
magnitude of these variations was not large enough to affect insect
abundance or community composition. Conversely, it is also possible
that variations in the receipt of radiation did affect insects but
that: (1) this was overidden at Ridgeway by the effects of disturbance
and/or differenes in tree age, and at Chimney Pot Hill by the relatively
inhospitable climate; or (2) the effect of these variations on insects

~were not adeduately reflected in the patterns of insect damage.

Insects however, generally did differentiate between the two sites
indicating that they were under the overall control of a gradient/s that
varied between one or other or both of the slopes at Ridgeway compared

with one or other or both of the slopes at Chimney Pot Hill. - Such a
- gradient/s could be the result of variations in soil nutrient status,
the ébundance of new foliage or microclimate (as influenced by altitude
and exposure) between tﬁe sites. Observation would seem to suggest that
of these microclimate had the most influence on insect ?opulations i.e.
‘it was not so much the direct and indirect effect of differences in the
radiant,eﬁergy be tween slopes but differences in exposure and altitude
between the sites that controlled insect community composition and
species distribution. Further ;ésearch is required to verify these:

conclusions.

Although one effect of the drought may have been to diminish
insect activity overall, the availability of soil moisture as determined
by incident radiation levels did not appear to have the same control

over insect communities as it had over plant communities.
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APPENDIX 1

Nomenclature follows 'The Insects of Australia' (CSIRO 1970):

Order HEMIPTERA
Suborder HOMOPTERA
Machaerotidae
Chaetophyes sp.
Psyllidae

Suborder HETEROPTERA
Coreidae
Amorbus obscuricornis
'Gelonus tasmanicus

Pentatomidae

Order COLEOPTERA
Suborder POLYPHAGA

Scarabaeidae ‘ -

Heteronyx sp.
Cantharidae

Chauliognathus iugubris
Lycidae

Metriorrhynchus sp.
Coccinellidae

Cleobora mellyi
Tenebrionidae
Lagriidae

Lagria sp.
Chrysomelidae
Curculionidae

Gonipterus sp. .
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Order LEPIDOPTERA
Suborder DITRYSIA
Psychidae
Clania sp.
Geometridae
Lymantriidae
Acyphas leucomelas

Arctiidae
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