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Abstract. Insect defoliation is commonly associated with and assumed to be a cause 
of mortality in Australian eucalypts, particularly in rural regions where trees suffer from 
the eucalypt dieback syndrome. To test this, leaf growth and defoliation were measured in 
the canopies of Eucalyptus trees from June 1982 to June 1986, and related to tree health 
and eucalypt dieback. Over 5000 leaves were monitored, including replicates of branches, 
canopy heights, individual trees, species, and sites. Three types of sites were selected, rep- 
resenting the most common conditions in the eastern Australian tablelands: woodlands 
(comprised of healthy trees but with slight signs of dieback), healthy trees in pastures, and 
dying trees in pastures. Within each site the commonest native tree species were selected 
for study; species were not always the same between adjacent sites because of interspecific 
differences in distribution patterns. 

Some eucalypt species suffered much greater defoliation than others, and this was related 
to their observed susceptibility to dieback. Eucalyptus nova-anglica (peppermint) and E. 
stellulata lost up to 300% and 274% of leaf surface area, respectively, in one year, and 
these trees suffered severe dieback. In contrast, E. caliginosa and E. dalrympleana annually 
lost as little as 20% and 8%, respectively, and showed little evidence of dieback. Other 
aspects of leafgrowth were quantified for each canopy, including numbers of leaves flushing, 
amounts of leaf area affected by galls and miners, and leaf longevities. More than half of 
the leaves monitored senesced from causes other than insect damage. Defoliating insects 
appeared to have a greater impact on eucalypts in Australia than they d o  on forest and 
pasture trees of other continents. 
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The New England Tableland encompasses 3.3 x 1 O6 
ha in northeastern New South Wales, Australia, and 
lies at = 800-1 500 m elevation (Walker 1977, Barker 
1980). This region was first settled in the mid-1800s 
and the land was gradually cleared to establish live- 
stock grazing. In subsequent years the remaining native 
trees, mainly eucalypts, have undergone periodic mor- 
tality, a phenomenon generally referred to as "dieback" 
because of the characteristic dying of the branches pro- 
gressively from the tips towards the trunk (Heatwole 
and Lowman 1986). Beginning in the late 1970s, eu- 
calypt dieback became particularly severe in this region 
of Australia, prompting scientific attention to address 
its cause. 

A complex of factors has been suggested, including 
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livestock grazing, invasion of non-native grasses, fluc- 
tuations in bird populations, frost, salinity, and agri- 
cultural practices. Its severity is evident where land use 
has been most intense (including grazing, aerial fertil- 
izer applications, and establishment of non-native 
grasses). Insects are believed to be one of the major 
contributors to the dieback syndrome (Heatwole and 
Lowman 1986, 1987, Lowman and Heatwole 1987, 
Landsberg 1988, 1 9 9 0 ~ ) .  For example, insect defoli- 
ators such as Christmas beetles (Anoplognathus spp.; 
Scarabaeidae) and others have long been observed to 
defoliate eucalypt trees periodically (Norton 1886) and 
were held responsible for the periodic dieback that eu- 
calypts undergo. 

The present study was designed to measure insect- 
related damage to eucalypt trees. We put forward the 
hypothesis that the extent of defoliation by insects is 
correlated with a tree's health and subsequent suscep- 
tibility to dieback. To  test this, damage by insects and 
senescence of leaves from other causes were measured 
over several years in individuals of the common spe- 
cies of eucalpyts in both woodlands and pastures on 
the New England tablelands. 
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Site and species selection 

Preliminary surveys were conducted throughout the 
New England Tableland to ascertain the typical types 
of landscapes in terms of species, health, and growth 
form of trees. Three types were selected for study, with 
two sites replicated in each type, for a total of six sites. 
They were: 

(a) Healthy trees in pastures, either growing in small 
clumps or as isolated individuals; they are remnants 
of previous clearing (Ruby Hills; University of New 
England [subsequently UNE] Hill); 

(b) Dying trees in pastures, growing in similar situ- 
ations to those above, but showing obvious signs of 
dieback, such as epicormic shoots, reduced canopy size, 
dead branches, and degeneration of form (Wood Park; 
Newholme Farm); 

(c) Woodland trees, surrounded by neighbors in a 
shaded, natural ecosystem with shrubs and a variety 
of understory plants. This category was the most dif- 
ficult to find, due to widespread clearing on the table- 
land. Some trees showed slight signs of dieback (Wal- 
cha Woods; Eastwood State Forest). 

At each site the most common tree species were 
selected for long-term monitoring of canopy defolia- 
tion. In many pastures very few individuals of some 
species remained. Due to the local distribution of many 
eucalypts it was not possible to match all species in 
every habitat. Consequently, for analyses involving 
species comparisons, the number of sites was <6. For 
example, Eucalyptus blakelyiand E. viminalis were the 
only species occumng in all three landscape types; they 
co-occurred at one site in each of two types and at two 
sites in the remaining type, for a total of four sites. 

Regional factors were minimized as much as pos- 
sible. The study areas were all in the southeastern cor- 
ner of the New England Tableland on gently rolling 
topography, well-drained podzolic soils (except for UNE 
Hill on basaltic soil) in the same climatic zone, and at 
similar elevations (1040 to 1 140 m) (Lea et al. 1977: 
topographic maps). The only two appropriate wood- 
land sites available were 50 km apart. Each of these 
was grouped with pasture sites within 5 km. The pas- 
ture trees were not outliers in marginal habitats; they 
were trees left as remnants of former woodlands. 

Measurement of insect damage to leaves 

For long-term measurement of defoliation, there was 
replication of leaves with respect to branch, height in 
the canopy, individual tree, species, site, type of site, 
and time (months and years). Trees of average size, 
representing the most common species, were selected 
at each site. For each tree at least three branches were 
marked at each of three height intervals: low (0-5 m), 
medium (>5-8 m), and high ( > 8  m). Each branch 
initially contained 6-1 5 leaves. Leaves on the marked 
branches were numbered sequentially from the base 
outwards, and subsequent leaves were numbered as 

they emerged. Each month the branches were moni- 
tored for amount of leaf damage, presence/absence of 
galls and miners, fruiting and flowering, and other phe- 
nological events. 

Leaf damage was measured by one of two quanti- 
tative methods, (1) tracing areas of leaves onto graph 
paper and calculating area missing, or (2) using a pla- 
nimeter (Lambda model 300 or Tamaya Digital 7). 
Further information on measurement techniques is 
presented elsewhere (Lowman 1985). Data were ac- 
cumulated over 4 yr, from June 1982 until June 1986, 
or for a shorter period if a tree died. Access to canopies 
was gained by use of a cherry picker and/or technical 
hardware and climbing ropes (see Lowman 1984~) .  
Data were analyzed in a number of fashions. Monthly 
herbivory data were stored in a mainframe computer, 
and both monthly and cumulative defoliation per leaf 
and over the whole canopy were calculated. Analyses 
of variance were performed on data when possible (but 
in many cases the design was not balanced between 
sites due to differences in species composition of the 
remaining mature trees). Student-Newrnan-Keuls 
(SNK) tests were performed to test for homogeneity of 
variance and log(x + I) transformations were applied 
to the data. 

Defoliation level was expressed as percentage of total 
leaf area missing (LAM). This proved to be the most 
reliable way of comparing canopies, since absolute leaf 
sizes may differ considerably among species and in- 
dividuals. Earlier studies confirmed that proportions 
of leaf-hole areas remain consistent throughout the life 
of a leaf (Lowman 1987, Landsberg 1989). Percentages 
proved useful for three reasons: (1) proportions missing 
could be easily compared among individuals, sites, and 
times; (2) proportions missing could be compared be- 
tween young and old leaves as well as among leaves of 
different sizes; and (3) proportions are easily trans- 
formed into absolute area (in square centimeters) miss- 
ing, if required. An analysis of herbivory with respect 
to leaf age and size is in progress (see also Landsberg 
1989). 

Defoliation levels were compared with respect to 
species, type of tree (pasture vs. woodland, dieback vs. 
healthy), site, individuals within species, heights, and 
time (months, years). 

Variability of annual defoliation levels 

Eucalypts on the tablelands averaged 35.7% leaf-area 
losses annually (Table I). In the eleven species studied, 
annual average defoliation varied from negligible to 
severe amounts. For example, Eucalyptus blakelyi lost 
only 7.5% leaf area in woodlands, whereas trees of this 
species averaged 87.6% defoliation in pastures where 
trees appeared unhealthy. Conversely, some species 
had consistently high or low herbivory throughout their 
distribution. For example, all individuals of E. nova- 
anglica were heavily defoliated, averaging 60.5% in 


























