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ABSTRACT

Casotti, G. and Bradley, J.S., 1991. Leaf nitrogen and its effects on the rate of herbivory on selected
eucalypts in the jarrah forest. For. Ecol. Manage., 41: 167-177.

This study measured the relationship between the rate of leaf consumption by insect herbivores and
the level of leaf nitrogen in selected species of eucalypts. Sampling was carried out on a monthly basis
from Eucalvptus accedens, Eucalyptus resinifera and Eucalyptus marginata in areas rehabilitated fol-
lowing bauxite mining and from E. marginata in a forest regenerated after clearfelling. The rate of
herbivory was examined on leaves aged 1-3 years. The mean monthly rate of herbivory of all species
varied from 0.9 to 1.9% of the total leaf area and was positively correlated (P<0.05) with the level
of leaf nitrogen in E. marginata. The previous month’s level of nitrogen was also positively correlated
to the rate of herbivory in the current month in all species. The level of leaf nitrogen was negatively
correlated to the current and previous month’s level of herbivore abundance and the current month’s
rate of herbivory in E. resinifera. These correlations suggest two possibilities. Firstly, that in some
cucalypts the level of leaf nitrogen may be lowered when the level of predation on leaves is high.
Secondly, that herbivorous insects may preferentially feed on eucalypt leaves having a high amount
of nitrogen.

INTRODUCTION

A number of studies have suggested that the rate of foliage consumption by
insect herbivores in Australian eucalypt forests is greater than in temperate
forests in the northern hemisphere (Kile, 1974; Carne et al., 1974; Mattson
and Addy, 1975; Morrow, 1977; Springett, 1978; Journet, 1981). Reported
annual foliage losses in some Australian eucalypts range from 5 to 70% (Jour-
net, 1981; Lowman, 1982; Fox and Morrow, 1983), compared with a maxi-
mal level of 15% in northern hemisphere Quercus forests (Bray, 1961, 1964)
and in a lowland tropical rainforest (Coley, 1983). Foliage removal by her-
bivorous insects may alter the growth rates or competitive success among
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plants (Fox and Morrow, 1986 ) by removing leaf area which could otherwise
be used to generate energy by photosynthesis.

Changes in the nutrient content of leaves have been associated with affect-
ing both the survivorship and the amount of defoliation by insect herbivores
(Morrow, 1983). Nutritional value varies with the amount of nitrogen, mois-
ture and fibre as well as the concentration of allelochemic compounds within
the leaf (Mattson, 1980). Nitrogen has been shown to affect the growth rate
of lepidopteran larvae (Rodriquez, 1960; Feeny, 1970; Slansky and Feeny,
1977) and the growth rate (Onuf et al., 1977) and feeding efficiencies of
coleopteran larvae (Fox and Macauley, 1977). Leaf defoliation has also been
shown to be associated with increases in the level of total protein nitrogen
(Wareing, 1970; McNaughton, 1979), however, Fox and Macauley (1977)
found no evidence of this in Australian eucalypts. Tuomi et al. (1984) re-
ported that insect defoliation reduced the leaf nitrogen content in mountain
birch, while increasing the levels of phenolic compounds. In contrast, Coley
(1983) found no evidence of an increase in the level of phenolic compounds
with leaf predation.

Nitrogen, which is a source of protein for insects, occurs in low concentra-
tions in plant leaves (Slansky and Feeny, 1977). Soo Hoo and Fraenkel
(1966a,b) suggested that plants with less than 3% nitrogen are substandard
food for herbivores. By this criterion, the vast majority of native Australian
eucalypts are substandard. Therefore, to obtain adequate amounts of nitro-
gen in their diet herbivorous insects must consume relatively large quantities
of tissue (Crawley, 1983). The removal of a large amount of leaf material
may cause stress within the plant. Stress arising from both insect herbivore
predation and variations in climatic conditions has been associated with an
increase in the level of leaf toughness and fibre content in lowland tropical
rainforest plant species (Coley, 1983) and an increase in the available leaf
nitrogen (White, 1984). However, stress caused by leaf predation by insect
herbivores might have the effect of lowering the level of leaf nitrogen. The
purpose of this study was to examine the relationship between leaf nitrogen,
herbivore abundance and herbivory rate on different species of eucalypts.

METHODS AND MATERIALS
The study area

This study was undertaken in the south west of Western Australia. Two
sites, one containing Eucalyptus accedens and Eucalyptus resinifera and the
other Fucalyptus marginata, were located in areas rehabilitated by tree plant-
ing following bauxite mining. A third site located in a eucalypt forest, con-
sisted predominantly of E. marginata.

The sample size consisted of three trees of E. accedens and E. resinifera and
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in the case of E. marginata, three trees from each of the two sites in which it
occurred. Sampied trees were 2-4 m in height.

Herbivore collection

Insect herbivores were sampled once each month by both tree beating and
net sweeping. Insects were classified as herbivores if any stage of their life
history was known to affect the survival of plant foliage by physical removal
(i.e. chewing and rasping) or sucking tree sap.

The rate of herbivory

The rate of herbivory was defined as any area lost within, or on the outer
perimeter of the leaf over a monthly period. Ten healthy leaves, commencing
with the youngest fully emerged leaf from the previous year, were tagged on
three branches of each tree. The rate of herbivory on each leaf was monitored
over an 8 month period, by tracing the outline of any area missing within the
leaf onto transparent plastic sheets. A planimeter was then used to measure
the area of each leaf and a loss in leaf area between samples was assumed to
be caused by herbivory.

The amount of leaf area lost was not adjusted for leaf expansion because
the growth of these leaves was found to be minimal using the statistical model
derived by Reichle et al. (1973).

Nitrogen sampling and analysis

The mean level of leaf nitrogen for each tree was calculated each month by
taking six leaves within the same age class as those leaves used to measure the
rate of herbivory. Leaves were dried at 80°C for 48 h, ground in a Wiley mill
and analysed for nitrogen content using the Kjeldahl technique (Nelson and
Sommers, 1980.

Statistical analyses

To examine the possible inter-relationships between the herbivory rate, the
number of herbivores on trees and leaf nitrogen content, a series of analyses
of covariance (ANCOVA) were performed. These estimated regression coef-
ficients were standardized for individual month and tree effects. Analyses of
covariance were performed using the MANOVA least-squares procedures of
the SPSSX statistical package (SPSS Inc., 1986). In the case of E. marginata,
a nested ANCOVA was performed. During the analyses, nitrogen levels were
assigned to the previous month’s level of herbivory, as leaf traces were made
on the same day as the leaves for nitrogen content analysis were picked.



170 G. CASOTTI AND J.S. BRADLEY

RESULTS
Herbivore abundance

The four most common orders of herbivorous insects collected during the
study, in order of abundance, were Coleoptera, Hemiptera, Collembola and
Lepidoptera. The numbers of insects in the orders Coleoptera and Hemiptera
were lowest during the winter (July, August), gradually increased to reach a
peak in early summer (December) and decreased towards the end of summer
(Fig. 1(a),(c)). The Collembola and Lepidoptera had fewer individuals
overall and a less seasonal variation in the number of herbivores than the
Coleoptera and Hemiptera (Fig. 1(b),(d)). Peak numbers of herbivorous
Collembola and Lepidoptera occurred in October and September, respectively.

Herbivore abundance was lowest in the early months of winter, gradually
increased to reach a peak in early summer and then decreased towards the
end of summer (Fig. 2). Overall, the greatest number of herbivores occurred
on E. accedens. This was closely followed by E. marginata in the forest and
E. resinifera. Fucalyptus marginata on the minesite had the lowest overall
number of herbivores throughout the study. The abundance of herbivores
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Fig. 2. The number of herbivores collected on three different trees of (a) Eucalyptus accedens.
(b) E. resinifera, (¢) E. marginata (minesite) and (d) E. marginata (forest).

varied significantly in E. accedens (P<0.001), E. marginata on the minesite
(P<0.001) and E. marginata in the forest (P<0.01).

The rate of herbivory

The mean monthly rate of herbivory by insects varied from 0 to 3.3% (Fig.
3). The greatest mean monthly leaf loss was 1.8 (+0.3)% in E. marginata
growing on the minesite, followed by E. resinifera with 1.2 (£ 0.3)%, E. mar-
ginata in the forest with 1.1(+0.2)% and E. accedens with 0.9(+0.2)%.
These rates of leaf loss were significantly different between eucalypt species
and between E. marginata on the minesite and in the regenerated forest
(P<0.05).

Leaf nitrogen

The level of leaf nitrogen in eucalypts varied from 0.8 to 2.0% of dry weight
(Fig. 4). Eucalyptus resinifera had the highest mean monthly level of leaf
nitrogen with 1.43 (+0.05)%, followed by E. accedens with 1.40 ( +0.03)%,
E. marginata in the forest with 1.15 ( £0.03)% and E. marginata on the mine-
site with 0.99 ( +0.03)%. There was a significant difference in the level of leaf
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Fig. 3. Mean ( +S.E.) percentage of herbivory on (a) Eucalyptus accedens, (b) E. resinifera,
(¢) E. marginata (minesite) and (d) E. marginata (forest).
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Fig. 4. The mean ( =£S.E.) amount of leaf nitrogen on three trees of (a) Eucalyptus accedens.

(b) E. resinifera, (¢) E. marginata (minesite) and (d) E. marginata (forest).
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nitrogen in individual trees of E. resinifera (P<0.001) and E. marginata in
the forest (P<0.05). The monthly variations in leaf nitrogen levels were highly
significant (P<0.001) except in E. marginata on the minesite.

An analysis of covariance with herbivore abundance as the dependent vari-
able, revealed that in E. accedens the level of nitrogen in the previous month
was positively correlated (P<0.05) to the following month’s level of herbi-
vore abundance. In E. resinifera, the current month’s level of leaf nitrogen
showed a significant negative association (P<0.05) with the number of her-
bivores on the tree.

In E. accedens the previous month’s level of leaf mitrogen and abundance
of herbivores showed a significant positive regression (P<0.01) and
(P<0.001), respectively, with the rate of herbivory. The current month’s ni-
trogen showed a negative regression (P<0.05) with the rate of herbivory. In
E. resinifera, the previous month’s level of nitrogen showed a significant pos-
itive regression with the rate of herbivory. In E. marginata the current and
previous month’s level of leaf nitrogen showed a positive regression (P<0.05)
with the rate of herbivory.

The rate of herbivory was negatively correlated (P<0.05) to the following
month’s level of leaf nitrogen as were the current and previous month’s level
of herbivore abundance (P<0.001) in E. resinifera.

DISCUSSION

Low levels of nitrogen in the leaves of plants, have been associated with a
low growth rate of herbivorous insects (Feeny, 1970). Since plants use de-
fences such as increasing the level of leaf tannins and the toughness of leaves
to deter predation (Feeny, 1976), a decrease in the level of nitrogen could
possibly represent a defence strategy in plants. As this study did not monitor
the level of secondary compounds, the authors do not suggest that the rate of
herbivory was solely affected by changes in the level of leaf nitrogen or other
factors that may be strongly correlated with nitrogen content, but simply that
variations in these levels may have influenced the rate of herbivory. Further-
more, the regressions between herbivory rate, herbivory abundance and leaf
nitrogen levels were not consistently significant in all the eucalypts studied.
This would suggest that factors other than nitrogen had an effect on the amount
of leaf material removed by herbivores. During this study, Coleoptera and
Hemiptera were the most numerous herbivores collected, a result also found
by Lowman (1982), and these orders are probably the dominant herbivores
on eucalypt leaves. The Coleoptera and the Lepidoptera (larvae) have biting
mouthparts and probably contributed to removing a greater quantity of leaf
material than the Hemiptera and Collembola which have sucking mouthparts.

The hypothesis that eucalypts may lower leaf nitrogen in response to a high
rate of leaf consumption, suggests that firstly, a high level of leaf nitrogen
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should be associated with a high level of herbivory in the same and in the
following month. Secondly, that a low level of leaf nitrogen should tend to be
associated with a high level of herbivory in the previous month. In addition,
if the count of insect numbers reflects the damage caused by those insects,
then we should expect a high rate of herbivory to be associated with a high
insect abundance and the pattern of change of the insect counts to reflect that
of the herbivory rate.

There was a significant positive regression of the average leaf nitrogen level
for the current month on the herbivory rate in E. marginata, and a significant
positive regression of the previous month’s average nitrogen in all three spe-
cies. This indicates strong support for the first relationship discussed above.
Previous studies have shown the same trend in both eucalypt (Fox and Ma-
cauley, 1977; Landsberg and Wylie, 1983) and non-cucalypt species (Mc-
Neill and Southwood, 1978; Onuf, 1978; Mattson, 1980; Mooney and Gul-
mon, 1982).

A significant negative regression of leaf nitrogen in the preceding month’s
herbivory rate was found in E. resinifera, but not found in the other two spe-
cies. Thus, the second relationship is supported by only one species under
study. However, there is little support for the third relationship, that insect
abundance should vary with the herbivory rate. Insect abundance represents
purely a count of numbers obtained from combining two sampling tech-
niques, and may not reflect the consumption activity of the insects for a va-
riety of reasons. Despite this, insect abundance did behave as expected in E.
resinifera.

Nitrogen levels in plants vary with seasons (Edwards and Wratten, 1980)
and with natural conditions which cause stress within plants (White, 1984).
The correlations between the rate of herbivory, herbivore abundance and the
level of leaf nitrogen found in E. resinifera, suggest that some eucalypts may
lower the level of leaf nitrogen in response to an increase in predation. Fox
and Macauley (1977) however, found no evidence to suggest that grazers
have the ability to alter feeding rates in eucalypts with low levels of nitrogen.
However, in this study, factors other than nitrogen might have influenced the
level of herbivory. Previous studies have indicated that the moisture, fibre
content and amount of secondary compounds in the leaves also play an im-
portant role in regulating the amount of predation by insect herbivores.
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