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ABSTRACT. Folivory levels were measured for seedlings and canopy trees of seven rainforest tree species
(five in subtropical rainforest and two in tropical rainforest) in Queensland, Australia. Leaf damage was
found, on average, to be higher for the subtropical species than for their confamilial tropical counterparts.
Higher levels of damage than those reported here occur in neotropical rainforests, which suggests that high
productivity may not mask folivore pressures in those systems. The latitudinal pattern of folivory established
in this study, may consequently be unique to Australia. Comparisons of damage levels between seedlings
and canopy trees (of the same species) indicate that in most cases seedlings suffer higher levels of damage.
This result is presumably due to the longer leaf lifetimes of seedlings and the accumulation of damage
over long periods of time. For subtropical tree species, measurements of leaf damage levels were taken
twice, once in spring (November 1995) and once in autumn (March 1996). Observational evidence indicates
that changes in leaf damage levels were related to species-specific leaf phenological patterns. The production
of new leaves generally led to a reduction in the recorded measurements of leaf area lost, because the
samples consisted of greater numbers of young leaves that had little opportunity to accumulate damage.

INTRODUCTION

FOLIVORY AS AN ECOLOGICAL PROCESS. Studies
of the abundance and diversity of insect foli-
vores (Southwood er al. 1983, Stork 1987, Bas-
set 1991a, 1991b, 1991c, 1996) and the levels
of insect folivory indicate that folivory is a ma-
jor consumptive process in forest ecosystems
(Odum & Ruiz-Reyes 1970, Coley 1983a,
1983b, Lowman 1984, 1985a, Clark & Clark
1985, de la Cruz & Dirzo 1987). In Australia,
folivory research has focused on sclerophyllous
forests and plantations (Fox and Morrow 1983,
Journet 1986, Lowman & Heatwole 1987, Low-
man & Heatwole 1992, Heatwole et al. 1997),
and results suggest that the level of folivory in
these systems is greater than in similar forests
outside Australia (Lowman 1985b, Ohmart
1985, Lowman 1997).

THE SIGNIFICANCE OF UNDERSTORY AND CANOPY
STUDIES OF FOLIVORY. Fewer studies of folivory
have been made in Australian rainforests than in
other rainforests, especially the neotropics. Aus-
tralian studies to date have focussed on either
seedlings (Lowman 1982a, 1982b) or canopy
trees, with Lowman (1984, 1985a, 1987, 1992)
studying folivory and Basset (1991a, 1991b,
1991c, 1992, 1993, 1996) studying folivores; yet
comparisons between seedling and canopy life
stages of the same tree species have been absent.
Comparisons of folivory levels of seedlings and
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canopy trees promise to provide a greater un-
derstanding of the differences in exploitable re-
sources available to folivores living in these dis-
tinct understory and canopy habitats.

Leaf longevity is one of the major factors that
influences folivore feeding patterns (Lowman &
Box 1983, Basset 1991a, 1992, Lowman 1992).
Recent studies have shown that leaf lifetimes in
rainforest canopies can be much greater than
previously thought (Basset 1991a, 1992, Low-
man 1992), although it is generally accepted that
leaf longevity is greatest in the understory as a
consequence of the growth-limiting conditions
of low light experienced beneath the dense rain-
forest canopy (Bentley 1979, Chabot & Hicks
1982). The quality of long-lived leaves on seed-
lings is likely to be poor relative to the quality
of younger leaves in the canopy (where primary
productivity is higher). Understory leaves are
protected from folivores by production and ac-
cumulation of digestibility-reducing compounds
and the proliferation of microepiphytic cover
(Bentley 1979, Chabot & Hicks 1982). Heatwole
et al. (1997), through their work on eucalypt
saplings, also noted that newly produced sun
leaves maintained their quality as forage for in-
sects longer than did leaves produced in the un-
derstory, indicating that the best foliage for in-
sect consumption is likely to occur in the upper
canopy. Despite providing seemingly poor re-
sources, folivores may prefer to live in the un-
derstory habitat, because it is shielded from the
harsh abiotic conditions that characterize the
canopy (Basset et al. 1992). Folivores are con-
sequently faced with a trade-off situation in
which access to high quality foliage in the can-
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Rainforest tree species: summary of phenological characteristics (from Williams ef al. 1984, Cronin

1989, Floyd 1989, Wrigley & Fagg 1989, McDonald & Thomas 1990).

Species

Plant family

Leaf phenology
(period of leaf flushing)

Subtropical tree species

Orites excelsa PROTEACEAE November—February
Argyrodendron actinophyllum STERCULIACEAE November—February
Argyrodendron trifoliolatum STERCULIACEAE July—September
Stenocarpus salignus PROTEACEAE September—November
Stenocarpus sinuatus PROTEACEAE September—November
Tropical tree species
Argyrodendron peralatum STERCULIACEAE Periodical—responds to rain
Darlingia ferruginea PROTEACEAE Periodical—responds to rain

opy may be subject to physiological constraints
(Basset et al. 1992). It has also been suggested
that gaining access to high quality foliage in the
upper canopy is risky, as there is commonly less
structural protection from predators than there is
in the highly heterogeneous understory (Basset
1991a, 1992).

PROCESSES IN SUBTROPICAL AND TROPICAL RAIN-
FORESTS. Comprehensive comparisons of foli-
vory levels between tropical and subtropical
rainforests are yet to be undertaken, despite the
fact that such studies may highlight differences
in the roles that folivores play in structuring
these different systems. The implicit assumption
that folivores apply similar pressures in all rain-
forest ecosystems is yet to receive support from
empirical analyses. Subtropical and tropical
rainforests are distinctly different, and this dif-
ference needs to be acknowledged in all studies
of the processes which shape these ecosystems.

It is reasonable to expect, based on the pre-
mise that tropical rainforests are characterised
by higher productivity and higher botanical and
arthropod diversity (Pianka 1966), that folivory
levels in tropical rainforests may be higher than
in subtropical rainforests. This implicit assump-
tion has been based on comparisons of folivory
levels from just a handful of north temperate and
neotropical forests and is yet to be fully tested
(particularly in the southern hemisphere).

This study aimed to quantify leaf damage lev-
els (damage caused by folivores only) for the
seedlings and canopy trees of seven (two tropi-
cal and five subtropical) rainforest tree species
in Queensland, Australia. Particular interest was
taken in examining the variation in damage lev-
els of seedlings and canopy trees and in devel-
oping regional folivory patterns for Australian
rainforests.

MATERIALS AND METHODS

TREE SPECIES AND SITES. Seven rainforest tree
species (from two plant families) were selected
for study based on their distribution, differing
leaf morphologies and the availability of both
seedlings and canopy individuals within study
sites (TABLE 1).

Five rainforest tree species were studied in a
1 hectare site of complex notophyll vine forest
(Webb 1959) at Lamington National Park
(28°13'S; 153°07'E) in subtropical South-East
Queensland. Field work was conducted in late
spring (13-17 November 1995) and early au-
tumn (27-31 March 1996).

Two tropical tree species, selected from the
same two families as those from the subtropical
site, were studied on the Atherton Tableland
(17°7'S, 145°37'E) in North Queensland in one
mid-summer sample period only (16-19 January
1996). According to Webb’s (1959) classifica-
tion, the forest at this site is complex notophyll
vine forest (Type 5b).

LEAF DAMAGE ASSESSMENTS. Access to the can-
opy was gained using single rope techniques
similar to those pioneered and described by Per-
ry (1978). Canopy samples consisted of 20
leaves which were removed from each tree using
the branch clipping technique (Majer & Recher
1988, Basset et al. 1997). Logistical constraints
determined from where in the canopy samples
could be taken. All samples were collected from
the shaded exterior of the canopy, because ac-
cess to these leaves was facilitated through the
climbing of neighbouring trees. Some seedlings
had fewer than 20 leaves in total, and sample
sizes were consequently smaller in these instanc-
es.

A total of 25 seedlings (5 individuals of 5 tree
species) and 25 trees (5 individuals of the same
S tree species) were sampled in the subtropical
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TABLE 2. Average percent (£SD) of leaf area lost to folivores.

1995 Samples

1996 Samples

Tree species Seedlings %

Canopy trees %

Seedlings % Canopy trees %

Subtropical species

A. actinophyllum 20.4 (£19.3) 14.9 (£21) 11.8 (x13.7) 5.4 (%£5.2)
A. trifoliolatum 12.5 (x14.9) 11.8 (+10.8) 10.7 (x11.8) 12.8 (x11.4)
S. sinuatus 11.3 (£11.2) 14.3 (x13.9) 25.4 (£20.7) 21.2 (x17.4)
S. salignus 14.4 (£19.9) 9.3 (£10.2) 129 (=14) 10.7 (x15.4)
O. excelsa 10.3 (x11.7) 3.6 (£5.7) 12.5 (£10.9) 2.3 (£5.3)
Subtropical averages 13.8 (=3.6) 10.8 (x4.1) 14.6 (+=5.4) 10.5 (£6.5)
Tropical species
A. peralatum ® # 11.1 (x£10.5) 8.9 (+13.8)
D. ferruginea * * 6.4 (£10.4) 3.9 (£8.4)
Tropical averages * * 8.8 (x2.4) 6.4 (£2.5)

* The tropical rainforest tree species were collected during a January 1996 sampling period only.

site. Five seedlings and five canopy trees of both
tree species were sampled at the tropical site.
Leaf samples were placed within plastic bags
and cold stored for transportation to limit de-
hydration and subsequent wilting. In the labo-
ratory, leaves were kept frozen until their leaf
areas were measured.

Leaf area and the percentage of leaf area lost
to folivores were measured by tracing each leaf
onto graph paper and counting 1 mm squares.
In instances where leaf margins had been de-
stroyed, they were approximated (based on spe-
cies specific leaf shape characteristics) and
drawn onto the graph paper. As Landsberg
(1989) noted, the loss of leaf margins results in
some inevitable error and inaccuracy. To reduce
this error, W.L. Hadwen processed all of the
samples, thereby standardizing the measure-
ments made in this study.

Percentages were used to account for leaf size
changes that occurred after defoliation, based on
the assumption that as a leaf grows, so do the
holes caused by folivores (Reichle er al. 1973,
Coley 1983a, Fox & Morrow 1983, Lowman
1984, Southwood er al. 1986, but also see Low-
man 1987, Landsberg 1989, Coleman & Leon-
ard 1995).

STATISTICAL ANALYSIS. Leaf area measurements
(% leaf area lost) for seedlings and canopy trees
were compared using analysis of variance (AN-
OVA) models within the SAS computer package
(SAS Institute Inc. 1989).

For the subtropical rainforest trees, the AN-
OVA model was a split plot design. The main
plot tested the effect(s) of developmental stage
(seedling vs. canopy) and the subplot tested for
the effect of time (i.e., comparing damage levels
recorded in November 1995 with those from

March 1996) and the interaction of time with the
developmental stages.

For the significant terms identified in each
ANOVA model, post hoc analyses were con-
ducted on the samples that contributed to the
significance, using the LSMEANS (least signif-
icant difference) statement within SAS (SAS In-
stitute Inc. 1989).

For the tropical tree species, a one-way AN-
OVA model was designed to test for significance
between the seedling and canopy developmental
stages.

RESULTS

Variation in leaf damage levels among species
was substantial, with average damage levels
ranging from 6.4% to 25.4% in the seedling
samples and from 2.3% to 21.2% in the canopy
samples (TABLE 2).

The average damage levels determined for the
subtropical and tropical tree species were 14.2%
and 8.8% respectively for seedlings and 10.6%
and 6.4% respectively for canopy trees (FIGURE
1). When the data for seedlings and canopy trees
are pooled, the average percentage of leaf area
lost to folivores for the five subtropical trees was
12.2%, compared to an average of 7.8% calcu-
lated for the two tropical tree species.

For four species (Darlingia ferruginea, Orites
excelsa, Argyrodendron actinophyllum and Ar-
gyrodendron peralatum), levels of leaf damage
were higher in seedlings than in canopy trees
(TABLE 2). A combination of factors, including
longer leaf life spans, lower rates of leaf turn-
over and accumulation of damage through time
may account for these results (Bentley 1979,
Chabot & Hicks 1982, Clark & Clark 1985,
Lowman 1984).
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FIGURE 1.
and canopy trees.

For the remaining three species (Argyroden-
dron trifoliolatum, Stenocarpus sinuatus and
Stenocarpus salignus), leaf damage levels did
not vary markedly between seedling and canopy
samples. The effects that differences in leaf life-
spans have on folivore feeding preferences may
account for this result (Odum & Ruiz-Reyes
1970, Coley 1983a, Cooke et al. 1984, Lowman
1985a, Basset 1991a).

O. excelsa exhibited lower leaf damage levels
than did the other tree species studied. This find-
ing was expected as this species has tougher and
longer lived leaves, than do the other species
sampled (M.E Olsen pers. obs.), and these traits
are known to reduce damage by facilitating the
development of physical and chemical palatabil-
ity-reducing features (Feeny 1975, Cates 1980,
Lowman & Box 1983, Feeny 1992).

The relationship between damage levels and
time was species specific. Two of the species
studied (A. trifoliolatum and S. salignus) showed
no significant change in the level of leaf damage
between the late spring (November 1995) and
early autumn (March 1996) sampling periods.

A. actinophyllum showed a trend towards a
reduced level of defoliation over the course of
the study. This species was observed to produce
new leaves throughout the course of the study
(November to February), and leaf damage levels
presumably dropped because the young leaves
being sampled in March 1996 had little time to
accumulate damage.

S. sinuatus showed an increase in the level of
leaf damage through the course of the study.
This was not unexpected, as the trees produced
no new leaves after the spring (November 1995)
sampling period. The leaf damage levels record-
ed for the autumn (March 1996) sampling period
therefore represent the accumulation of folivore
feeding activities over the preceding months.

For O. excelsa, damage levels increased on
seedling leaves with time but decreased on can-
opy leaves. This relates to the highly variable

Sample

Average damage levels (=SD) for subtropical and tropical tree species calculated for seedlings

nature of leaf phenology, with higher leaf turn-
over (and subsequent lower damage levels) ex-
pected (and observed) for the canopy leaves be-
cause of the higher levels of solar radiation in-
tercepted in this microhabitat (Niklas 1989).

ANOVA RESULTS—SUBTROPICAL RAINFOREST. TA-
BLE 3 summarizes the results from ANOVA
analysis of leaf damage levels for the five tree
species collected from the subtropical rainforest.

As identified by the error margins presented
in TABLE 1, the damage levels recorded within
samples were highly variable. For A. actino-
phyllum, A. trifoliolatum and S. salignus, this
variation was highly significant (P = 0.0001)
and confounded further analysis of differences
in damage levels between developmental stages
and seasons.

For S. sinuatus, the significant variation in
damage levels between seasons (P = 0.0076),
highlights the pattern of increasing leaf damage
levels for seedling and canopy leaves evident
throughout the course of the study. FIGURE 2 pre-
sents the mean damage levels (*=SD) for S. sinu-
atus from samples in spring and autumn. A no-
table increase in damage levels occurred for
both seedling and canopy samples throughout
the course of the study.

For O. excelsa, the damage levels recorded in
spring and autumn were not significantly differ-
ent. Significant variation (P = 0.0004) existed,
however, in damage levels between individuals
within both the seedling and the canopy devel-
opmental stages, therein prohibiting the exami-
nation of differences in leaf damage levels be-
tween these stages.

ANOVA RESULTS—TROPICAL RAINFOREST. TABLE 4
presents a summary of results from the ANOVA
conducted on leaf damage levels for the two
tropical tree species studied in North Queens-
land.

As was the case for its southern congeners,
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Summary of statistically significant values from ANOVAs conducted on leaf damage levels for

subtropical rainforest tree species. (df = Degrees of Freedom, Type III SS = Sums of squared deviates
from mean, Mean square = Variance = Sums of Squares/Degrees of Freedom, F value = Expected variance
from F distribution, Pr > F = the probability of a greater F value through chance alone.)

Type Mean
Species Significant term df IIT SS* square F value Pr>F

A. actinophyllum Interaction between season 8 87.43 10.93 16.77 0.0001
and variation within devel-
opmental stages

A. trifoliolatum Interaction between season 8 77.84 9.73 11.37 0.0001
and variation within devel-
opmental stages

S. sinuatus Variation between the 1995 1 14.48 14.48 12.52 0.0076*
and 1996 sampling periods

S. salignus Interaction between season 8 57.47 7.18 5.00 0.0001
and variation within devel-
opmental stages

O. excelsa Variation within developmen- 12 36.96 3.08 3.09 0.0004

tal stages

* Type III SS of the interaction between time and the variation among individuals within developmental stages

was used as the error term to calculate the F value.

significant variation (P = 0.0001) occurred in
damage levels among individuals within devel-
opmental stages for A. peralatum. On the other
hand, D. ferruginea exhibited a statistically sig-
nificant difference in leaf damage levels (P =
0.0406) between stages, with seedling leaves
suffering significantly higher levels of defolia-
tion than the leaves of canopy trees.

DISCUSSION

Do FOLIVORY LEVELS IN AUSTRALIAN RAINFORESTS
DIFFER FROM THOSE RECORDED ELSEWHERE? In
this study, the levels of folivory for subtropical
tree species (12.2%) are higher than the levels
reported by Lowman (1984) (3—10%; see TABLE
5). Other studies using long-term sampling strat-
egies (such as Lowman 1982a and 1984) to ac-
count for total defoliation (i.e., the loss of an

entire leaf as a consequence of folivore activi-
ties), however, have identified greater leaf area
losses for subtropical rainforest species. Because
the sampling techniques used here differ signif-
icantly from those adopted in long-term sam-
pling strategies, comparing the results obtained
from these different methodological approaches
would be inappropriate. For the tropical tree spe-
cies sampled, the damage levels were lower than
those reported for neotropical rainforests, but
higher than those reported for studies in French
Guyana (see TABLE 5).

Despite these general trends, variation in the
accuracy of sampling techniques erodes the con-
fidence with which comparisons of leaf damage
levels can be made among studies conducted at
different times and different locations (Reichle
et al. 1973, Lowman 1984, Landsberg 1989,
Waller & Jones 1989, Coley & Aide 1991).
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FIGURE 2. Mean leaf damage levels (=SD) for Stenocarpus sinuatus seedlings and canopy trees in November

1995 and March 1996.
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TABLE 4. Summary of the statistically significant values from the ANOVAs conducted on leaf damage levels
for tropical rainforest tree species. (df = Degrees of Freedom, Type III SS = sums of squared deviates from
mean, Mean square = Variance = Sums of Squares/Degrees of Freedom, F value = Expected variance
from F distribution, Pr > F = the probability of a greater F value through chance alone.)

Type Mean F
Species Significant term df I SS* square value Pr>F
A. peralatum Variation within 8 27.41 3.42 4.61 0.0001
developmental stages
D. ferruginea Variation between seedlings 1 10.37 10.37 5.95 0.0406*

and canopy trees

* Type III SS for the variation among individuals within developmental stages was used as the error term.

Potential methodological inconsistencies
aside, the results from this study suggest that
Australian subtropical rainforests suffer relative-
ly high levels of leaf damage. This finding re-
inforces Lowman’s suggestion that Australian
systems suffer higher folivory levels than do for-
est systems overseas (Lowman 1985b, 1997).
However, the tropical rainforest tree species in
this study do not support this pattern, and were
found to suffer lower levels of folivory than re-
ported in other tropical rainforests (particularly
in the canopy tree samples—see TABLE 5). These
inconsistencies suggest that the pattern suggest-
ed by Lowman (1985b, 1997), which was based
on Australian temperate and subtropical data,
may be an artifact of latitudinal patterns of fo-
livory within Australia, rather than providing ev-
idence of distinct continental differences. This
area deserves further research attention, as elu-
cidation of patterns on both regional and global

TABLE 5.
other rainforests.

scales will provide us with information that will
enable the development of improved rainforest
management and forestry initiatives. However,
before the pattern of folivory described by Low-
man (1985b) can be fully examined, more sub-
tropical datasets are required for comparative
purposes.

As is often the case in folivory studies (Clark
& Clark 1985, Lowman 1985a, Basset 1991a,
Soumela & Ayres 1994), huge variation was re-
corded in leaf damage levels among individual
samples in this study. The ubiquity of this result
(among species and among studies) suggests that
this variability is a real phenomenon, rather than
simply being an artifact of insufficient replica-
tion.

WHAT EFFECT DOES DEVELOPMENTAL STAGE HAVE
ON FOLIVORY LEVELS? Evidence from this study
suggests that seedlings are usually more heavily

Comparisons of the leaf damage levels determined in this study with levels of damage reported for

Seedlings & saplings

Canopy trees

Folivory study Subtropical Tropical Subtropical Tropical

Author(s) and location rainforest rainforest rainforest rainforest
This study—Q, A 14.2% 8.8% 10.6% 6.4%
Aide and Zimmerman (1990)—BCI, P 10.9% 10.9%
Coley (1982)—BCI, P 21%
de la Cruz and Dirzo (1987)—LT, M 10%
Leigh and Smythe (1978)—BCI, P 8%
Leigh and Windsor (1982)—BCI, P 15%
Lowman (1982)*—NSW, A 21.3%
Lowman (1984)8—NSW, A 3-10%
Lowman (1984)@*—NSW, A 14.6%
Newbery and de Foresta (1985)—FG 5.5%
Odum and Ruiz-Reyes (1970)—RP, PR 8%
Sterck et al. (1992)—FG 5%
Wint (1983)—NG 9-12%

(Locations: Q, A = Queensland, Australia; BCI, P = Barro Colorado Island, Panama; LT, M = Los Tuxtlas,
Mexico; NSW, A = New South Wales, Australia; FG = French Guyana; RP, PR = Rio Piedras, Puerto Rico;
NG = New Guinea) ® These results came from the same study but used different methodologies. * Leaf damage
levels were calculated using a long-term sampling methodology that accounts for whole-leaf losses. All other
results presented used discrete sampling methods similar to those used for this study.
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damaged by folivores than are leaves sampled
from the canopy. A number of possible expla-
nations for this pattern warrant further attention.
First, leaves in the understory tend to have both
longer leaf life times and slower turnover rates
than do those in the canopy (Bentley 1979, Cha-
bot & Hicks 1982). Evidence of damage may,
therefore, accumulate on the leaves of seedlings
to a greater degree than it can on canopy leaves.
Second, evidence suggests that because the abi-
otic conditions prevailing in the rainforest can-
opy are harsh (Basset 1991a, Moffett 1993),
more folivorous insects may live in the relatively
stable environment nearer the forest floor to feed
on the leaves of seedlings. Third, terrestrial fo-
livorous mammals may consume large quantities
of leaf material from seedlings (W.L. Hadwen
pers. obs.). Of course arboreal mammals may
exert similar pressures on leaves in the rainforest
canopy, and more research is required to quan-
tify the effects that mammals have on folivory
levels in rainforests. Because mammals are more
likely to consume entire leaves than are insect
folivores, only long-term studies will be able to
adequately quantify the effects of mammals as
folivores. Fourth, the chemical composition of
seedling and canopy tree leaves may differ sub-
stantially (Coley 1988, Coley & Barone 1996).
For example, the young leaves of seedlings gen-
erally contain higher levels of nitrogen and wa-
ter and lower levels of digestibility-reducing
phenolics than do mature leaves (Coley 1983b).
As a consequence of the differential growth
rates of leaves in the canopy and near the forest
floor (Chabot & Hicks 1982), canopy leaves
may be rendered less attractive than seedling
leaves as food resources for folivores (but see
Heatwole et al. 1997). Finally, the holes caused
by folivores when leaves are young may not
grow in direct proportion to the leaf, particularly
in the understory where growth may be indeter-
minant and slow (Lowman 1987, Landsberg
1989, Coleman & Leonard 1995). If such dis-
proportionality exists, discrete measurements,
even when percentages are used, may overesti-
mate the amount of leaf material consumed by
folivores.

ARE SUBTROPICAL FOLIVORY LEVELS REALLY HIGH-
ER THAN TROPICAL FOLIVORY LEVELS? Results
from studies in the northern hemisphere (Bray
1964, Aide & Zimmerman 1990) suggest that
folivory levels increase from the poles to the
equator. However, as Lowman (1985b) noted,
the reverse trend may exist in Australia. In long-
term studies of folivory in three rainforest areas
in Australia, Lowman (1985b) found that leaf
damage levels decreased with latitude (cool tem-
perate rainforests 26%, warm temperate rainfor-
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ests 22%, subtropical rainforests 14.6%). In
view of Lowman’s findings it is not surprising
that the results from our study supported this
trend, with subtropical folivory levels being
much higher than those recorded for tropical
trees. Unfortunately Lowman’s results were ob-
tained using different sampling methodologies
from those adopted in this study, so direct com-
parisons of folivory levels across latitudes is not
possible.

An understanding of the phenological patterns
of the species studied, the productivity levels
within tropical and subtropical rainforest eco-
systems and the abundance and trophic dynam-
ics of the fauna of these regions may help to
explain these results (Lowman 1985b). Subtrop-
ical rainforests characteristically support a lower
diversity and productivity than do tropical rain-
forests (Pianka 1966), and, although this feature
does not necessarily suggest high levels of fo-
livory, Basset et al. (1992) reported that arthro-
pods can be found in greater densities in sub-
tropical forests than in tropical rainforests. The
higher abundance (yet lower relative diversity)
of subtropical rainforest arthropods might enable
common folivores to consume vast quantities of
leaf matter; hence the high folivory levels re-
ported here.

Tropical systems, with their higher biological
diversity, may be less susceptible to similar lev-
els of resource exploitation. Insect folivores in
tropical rainforests are likely to be competing for
resources with many more species, and, at the
same time, trying to avoid more predator spe-
cies. These consequences of increased diversity,
in the form of increased competition and pre-
dation pressures (and subsequent reduced dom-
inance by common folivore species), might ex-
plain the reduced levels of folivory measured for
the two tropical species in this study.

If the dynamics hypothesised above exist,
then similar latitudinal patterns of reduced foli-
vory in highly productive ecosystems should be
observed elsewhere. However, before rigorous
testing of the relationship between productivity
and folivory levels is possible, a greater number
of comparable subtropical datasets is required
(the paucity of folivory data in subtropical re-
gions is presented in TABLE 5).

Furthermore, the sampling methodologies em-
ployed in folivory research will continue to in-
fluence the results and comparability among
studies (Lowman 1985b, 1997). If patterns of
leaf longevity and leaf turnover are responsible
for lower measurements of folivory in tropical
rainforests, then only long-term sampling strat-
egies will appropriately describe the dynamics
of folivory in these systems (Lowman 1984,
1985a). These potential differences in the dy-
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namics of ecological processes between subtrop-
ical and tropical rainforests, suggest that com-
parisons between these ecosystems using dis-
crete sampling techniques, may be flawed.

An ecosystem level approach is required to
further our understanding of the complexities of
folivory in rainforest ecosystems. Folivory lev-
els are likely to be responsive to a large number
of biotic and abiotic variables. One of the key
questions to be answered regarding folivory in
rainforest ecosystems may be: Are folivory lev-
els regulated by pressure from primary produc-
tivity and plant palatability (bottom-up control)
or competition, predation and/or parasitism (top-
down control)?

Both of these processes undoubtedly operate
in tropical and subtropical ecosystems, but the
relative strengths of each may account for the
trends presented here. Future research efforts
need to adopt a broader, ecosystem-level ap-
proach to analyses of folivory levels in forests,
for it is only through this holistic approach that
significant inroads will be made in our under-
standing of folivory processes in rainforest sys-
tems.
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