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S
TR
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T 
A

m
ounn of lepfm

arerd grazed by insect hcrbivorn in A
usrnlian rainfom

t canopin w
ere m

eatured over 3 years, and tw
o m

erhods 
of auosm

rnr w
ere com

pared. L
ong-m

m
 ohscrvarions of labelled lu

v
n

 and rhw
n m

easured loses up to five tim
n lvger rhm

 
nrim

arn obrained by rhe m
ote conventional ccchnrque of m

easutm
g m

tsslng Laf area on single O
cm

ionr. Long-term
 obscrvarrons 

gave higher but m
ote accunre rarn dnce rhey incorporated a rem

ponl com
ponenr m

 graring acrivirin and 
a

h
 acw

unred for 
luvn torally uren. A

nnual leaf area losses of 
26. 22, and 

14.6 percenr w
erc m

easured in A
unralian cool rem

perare, w
arm

 
tem

perate, and subrropicd rainfornu, m
p

iv
ely

. G
razing in -m

e 
planr cornrnun~tin may be higher rhan previously recorded 

from
 dixm

e m
easurem

m
n of m

iuing-leaf area, rnulting in an undernrlm
arion of rhe im

pact of herbivory. 
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 in forest com
m

uniries have 
estim

ated grazing by harvesting discrere sam
ples of leaves 

and estim
ating propom

ons 
of 

leaf 
area m

issing. T
his 

m
ethod usually indicates leaf area lasses of from

 3 to
 10 

percent and is sim
ilar in tropical forests (O

dum
 and R

uiz- 
R

eyes 1970, B
cnedict 1976), coral uland shrubs (Low

- 
m

an in press), E
uropean beech w

oods (N
ielson 19781, 

and northem
 tem

perate hardw
ood foresa (B

ray 
1961. 

1964; W
oodw

ell and W
hirtaker 

1968, R
eichle cr 

a/. 
1973. and m

any others). T
his m

e
th

A
e

rm
e

d
 "discrete 

sam
pling" since leaves are selm

ed, usually at one point 
in tim

e, and m
easured for apparent leaf d

am
ag

cp
ro

- 
vides a quick and easy m

eans of estim
ating herbivory as 

reflm
ed by pardal defoliation of leaves. It m

ay, how
ever, 

underestim
ate the r

l
 herbivoty losses of forest canopies, 

since it doer not account for leaves totally earn. 
T

w
o m

ethods of h
e

r
e

 sarnphg com
m

only are used: 
(1) leaf sam

ples rem
oved from

 lim
r traps and m

easured 
for hole dam

age (t.g., O
dum

 and R
uiz-R

eyes 1970). or 
(2) leaf sam

ples picked from
 tree canopies (c.g., Fox and 

M
orrow

 1983). A
ssum

ing chat m
ature leaves are picked 

in m
ethod 2, then the tw

o sam
pling techniques are very 

sim
ilar: both m

easure partial defoliation incurred during 
che lifespan of a leaf, but the sam

ples indude only un- 
eaten o; 

pardally eaten leaves and do not account for 
totally eaten leaves. 

A
 m

ore com
prehensive m

ethod of quantifying her- 
bivory, long-term

 observations, aac developed in chis study 
to incorporate a tem

poral com
ponent into the sam

pling 
and also to m

onitor the num
ber of to

d
y

 grazed leaves. 
T

his technique entails repeated observations and m
ea- 

surem
ena of perm

anm
dy 

m
arked leaves, providing an 

accurate m
easure of defoliation and the tem

poral aspm
s 

of grazing activities. 
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In view
 of the increasing interest in plant-insm

 
re- 

lationships, the 
different m

ethodologies for 
m

easuring 
herbivory are com

pared in this study for discrepancies chat 
could atisc. W

hen sim
ilar long-arm

 sam
pling techniques 

(albeit only over 3 m
onths) w

ere used 
in the neotropio 

(C
oley 1983), grazing lcses repom

d w
m

 higher (21%
) 

than thore in previous studies (7%
; O

dum
 and R

uiz- 
R

eyes 1970). Sirniluly, grazing estim
ates of A

ustralian 
m

calypa that accounted for leaves m
d

y
 eaten (although 

estim
ated by 

petiole couna tather than actual observa- 
tions) w

ere higher than low
s m

easured by discrete sam
- 

pling U
ournet 1981). D

iscrete sam
ples of coral cay shrubs 

also revealed low
er defoliation loses (2

4
%

; L
ow

m
an, in 

press) chan long-term
 observations m

ade previously (up 
to 30%

; H
earw

ole tr al. 1981). H
ow

ever. none of these 
aam

ples f
e

a
d

 d
im

 com
parisons betw

en dixrrcc leaf 
sam

ples and long-term
 observations at the sam

e rim
e and 

site. In rhis study, tw
o m

ajor questions concerning herbi- 
vory w

ere addressed: (1) W
hat are the levels of defoliation 

in A
ustralian rainforest canopies? (2) W

hat are che dis- 
uepandes (if 

any) betw
een discrete leaf sam

pling and 
long-term

 observations in assessing herbivory? 
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Field w
ork w

zs conducted in canopies of three rainforest 
form

ations in N
ew

 South W
ales, A

u
sd

ia, w
here rain- 

foresa are distributed discontinuously along the coast. 
Profile diagram

s and derailed sia descriptions are listed 
elsew

here (L
ow

m
an 

1982a). T
he three form

ations, de- 
scribed according ro W

ebb's (1959) clzssification, includ- 
ed the follow

ing sires. 
1. C

ool tem
perate rainforest or 

m
iaophyll fern forest in N

ew
 E

ngland N
ational 

Park 
(30'30'S), 

a m
ontane rainforest situated at 1200 m

 on 
che N

ew
 E

ngland platcau and pdom
inated by one species 

(N
orhofagus m

m
i, A

ntarctic beech) in the canopy w
ith 

>
-lo 

understory 
rrees (including D

oryphora 
sassafras). 

T
hree subsites, each com

ptisim
g an isolated paker of beech 

forest at least 1 ha m
 size and 2 km

 from
 one another, 

w
ere sam

pled to exam
ine spatial variability of herbivory 

rates w
ithin one species. 2. W

arm
 tem

perate rainforest or 
sim

ple notophyll vine forest located in R
oyal N

ational 
Park (34*10'S). w

ith a canopy com
posed of 10-15 

m
ajot 

species (iu
d

in
g

 D
. rrrafrar, Toonu australis, and G

r- 
aroptm

lum
 aptm

lum
). 3. Subtropical rainfom

t or com
- 

plex notophyll vine forest located in 
D

orrigo N
ational 

Park (region 1) (30'20's) and M
t. K

eira R
ererve (region 

2) (34'301S), w
hcse canopies have high species diversity 

(15-30 
species including D

tndrw
nidt txrtlsa, D

. sarsa- 
frar, and T

. ausrm
lis) and w

hore structural features w
ere 

the m
ost com

plex of the three form
ations exam

ined. 
AU 

species that occupled a m
ajor portion (25%

) of 
the canopy w

ere sam
pled for herbivory. In addition, five 

species that dom
inated particular rainforest form

ations 
w

ere selm
ed for obvrvarions over 2 yean: C. aptrulum

, 
a com

m
on canopy species in the w

arm
 tem

perate for- 
m

ation; D
. sm

afm
, a canopy dom

inant in che subtrop- 
ical and w

arm
 tem

perate form
ations, and an understory 

species in the cool tem
perate form

ation; D
. cxrclsa, a 

canopy dom
inant in the subtropical rainforest; N

. m
m

i, 
form

ing a m
onospecific canopy in the cool tem

perate rain- 
forest; and T. australis, a canopy species in the subtrop- 
ical and w

arm
 tem

perate form
ations. In addition m

 their 
im

portance as canopy species in the rainforests, these species 
represented a range of leaf m

orphology and phenology 
(including soft and hard leaves, glaucous and hairy, ev- 
ergreen and deciduous, etc.) that m

ay be im
porrant in 

term
 of grazing activities. 
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H
erbivory 

w
ar 

m
easured 

using 
tw

o 
m

ethods, term
ed 

"discrete" and "long-term
" sam

pling. T
he tw

o m
ethods 

w
ere com

pared at both the species and the com
m

unity 
levels: first, herbivory (expressed as percenrage of leaf area 
loss) w

as m
easured for individual species and included 

m
etal sices and light regim

es; and second, overall lasses 
w

erc calculated for each of three rainforest com
m

unities 
by avaaging che percentages obtained for individual species 
according to

 the propottion of canopy orm
pied w

ithin 
the rainforest form

ation (leaf area index of each species 
calculated from

 leaf lirrer fall w
eighs; Low

m
an 1982a). 

D
isrrrtc sam

pling involved the harvesting of at least 
200 m

ature (>
 1 year old) leaves of each species. For each 

specles, different leaf populations w
ere sam

pled in m
ul- 

tiples of 
30 leaves, each leaf population representing a 

canopy region of a specific light regim
e, height, individ- 

ual, or sire. AU leaf populations together constituted the 
herbivory for one species. T

o obtain reasonable standard 
errors, the num

ber of leaves sam
pled w

as greater in cases 

w
here grazing w

as highly variable betw
een leaves in one 

sam
ple. M

ost sam
ples w

ere collm
ed betw

een January 
and M

arch 1980 and repeated duting 1981 to com
pare 

annual variability. T
he m

onth of collm
ion w

as not con- 
sidered a &

tical factor, how
ever, as long as only m

ature 
leaves w

ere sam
pled. R

ainforest leaves are m
ost heavily 

defoliated during their first three m
onths (L

ow
m

an and 
B

ox 
1983); after m

aturation, defoliation is not signifi- 
cantly different betw

een m
onths (L

ow
m

an 1982a). Se- 
nescing leaves w

ere avoided, since decaying leaf tissue can 
result in form

ation of leaf holes. 
Leaves w

ere 
harvested. xaled in plastic bags, 

and 
refrigerated unril m

easurem
eno of leaf area w

ere m
ade. 

T
he am

al leaf area (ALA) of one side of each leaf w
as 

m
easured w

ith a L
am

bda portable xea m
eter (M

odel 
300). T

he holes in the Idsurface then w
ere covered w

lth 
heavy tape and the leaf w

as m
easured again to determ

ine 
potential leaf area (PL

A
). w

hich is the total leaf surface 
prior to grazing. T

hen. 

%
 leaf area 

(1.00 -
 ) 

0 - 
I,, 
,
 

herbivores 

and 

PLA - A
LA

 =
 cm

a holes per leaf 

T
his value reptesena a dirm

 m
easure of the am

ount of 
m

ature canopy m
issing. although it m

ay be propom
onally 

larger than the actual increm
ents consum

ed by che her- 
bivores w

hen the leaves w
ere young (R

eichle ct al. 1973). 
T

he use of 
ptopom

ons 
w

as considered a m
ore useful 

expreuion than 
actual square centim

eters since it w
as 

com
parable am

ong sam
ples, regardless of leaf size vari- 

ability; also, proponions of leaf hole rem
ain constant be- 

fore and after leaf expansion (L
ow

m
an 1982a). 

L
ong-rtm

 obsm
utions involved m

onitoring perm
a- 

nendy m
arked branches over 2 yean (1979-1981) 

to 
record leaves com

pletely defoliated. C
om

plete defoliation 
cannot be accounted for w

lthout repeated observations of 
m

arked leaves. Fot each species. at least three branches 
w

ere m
arked at different heights and light regim

es for 
three individual trees in at least tw

o sites. liuee branches 
w

erc m
arked at every 10-m

 interval (or as near as pos- 
sible) up canopy trees including both sun and shade can- 
opy regions. R

opes and technical clim
bing gear w

ere used 
to

 gain access to the upper canopy (Perry 1978, Low
m

an 
1982a). Leaves w

ere num
bered sequentially from

 the base 
upw

ards on branches that usually consisted of 8-1 5 leaves. 
N

um
bers w

ere m
arked on the adaxial leaf surfaces w

ith 
w

aterproof Pentel pens. T
he ink usually lasted at least 

one year before fading. at w
hich tim

e the num
bers w

ere 
rem

arked. N
ew

 
leaves w

ere m
arked as they em

erged. 
M

onthly observations w
ere m

ade, and each leaf w
as m

ea- 



su
rd

 for changes in leaf area m
issing as w

ell as other 
T

A
B

L
E

 I. 
D

&
n

n
rt~

 b
rlw

ter 
tw

o ram
p

lin
g

 m
ethair /W

 
m

m
- 

! 
TA

B
LE 2. 

D
iffrn

n
ru

 
~

n
 h

rb
im

y
 raltr fw

 
l

h
t

 h
rlra

lia
n

 
TA

B
LE 3. 

T
u

m
w

rr of 
ranopl 

m
a

rtn
a

l 
i~

 rh
n

t 
A

u
Irralrafl 

aspects of m
ortality and grow

th. 
ru

n
n

g
 k

r
b

iv
q

 ra
~

rr rn A
u

~
tra

liu
n

 rain
 f
m

 m
u
 

I 
rarn

fo
n

r~
 ro

m
m

u
n

rrit~ a
 n

filtd
 

by 
r

w
 ram

p
lin

g
 

ra1n
fm

r11 (tx
p

n
rr~

d
 aJ

 I h
a

-ly
r-'), 

T
o m

easure m
onthly increm

ents of grazing w
ithour 

(an
d

 btrw
eer popularionr of 

b
avtr w

ith
in

 rhrrt ra
r- 

m
r~

h
a

ir. 

harvesting the leaves, a leaf uacing w
as m

ade and the 
o

p
itr) (N

 - 200 Itu
vtr unltrr o

lh
m

u
irt r~

a
trd

.). 
Po- 

A
nnual rurnover 

hole portions w
ere calculated in the laboratory using the 

Sam
pling m

erhods 
Sam

pling m
ethod for 

I 
ccnrial 

of canopy- 
area m

eter (L
am

bda M
odel 300). C

om
plete defoliation 

m
earunng herbivory rates 

for herbivory arim
ares' 

(%
 leaf area consum

ed/year) 
Fom

r type 
canopy 

H
erbcvory 

D
ecay 

w
as distinguished from

 natural senescence by observation: 
(%

 leaf area consum
ed/year) 

older 
leaves that rem

ained 
intact 

for sevaal yean and 
f 

D
is- 

Q1 
tem

pcnte 
9.69 

2.63 (27%
) 

3.53 (j6.5%
) 

D
iscrepancy 

! 
crepanq 

W
arm

 rem
pcnre 

11.41 
2.50 (22%

) 
4.05 (35%

) 
suddenly disappeared w

ere recorded as having s
e

n
d

;
 

nrio 
Long- 

D
is- 
-
 

Long- 
D

is- 
nrio 

Subrropicd 
12.26 

1.76 (14%
) 

5.59 (46%
) 

young leaves in w
hich 

in-ing'~ 
O

ver 
h

f
 popularion 

term
 

(SE
) crae 

(SE
) &

/D
)sign.b 

R
ainfom

r 
term

 
crete 

(L
/D

) 
Sign.b 

11.2 
2.30 (21%

) 
4.39 (39%

) 
several m

onths during tim
es of herbivore activity (usually 

an obvious progression from
 0-25%

 co 60-70%
 
co 100%

) 
'w

" 
a"rtra1is 

C
ool tcm

pcnre 
26.0 

12.7 
2.0 

W
arm

 rem
pem

re 
22,0 

6,2 
3,) 

.. 
'N

um
ben 

in parenrhrn refer to propom
ions of porm

rial can- 
w

ere considered eaten. 
Subrropical 

Subtm
pical 

14.6 
8.3 

1.8 
. 

OPY. 
T

he dam
 on leaf longevity and m

onthly 
herbivory 

R
egi0n I 

6.3 
(0.4) 

5.7 
(0.3) 

1.1 
n.s. 

3.3 (0.2) 
2.9 

(0.2) 
1.1 

n.s. 
20.9 

9.1 
2.3 

losses w
ere collectively analyzed. D

etailed tem
poral and 

'%
'O

n 

spatial differences in defoliation of uee canopies w
ill be 

i 
4.9 

1.1 
. Lch pcenrage w

as com
piled from

 avenge leaf uea loss" 
for 

P'""I 
@

.I' 
B

ray and G
o

rh
w

 1964. 

reporred elsew
here (L

ow
m

an, in prep.). H
ow

ever, average 
D

'nd*nidt 
g

xrtlra 
' 

all m
ajor species in each habirar. w

ith species w
etghed in the 

W
ig

e
n

 1970. Jotdm
 

197 I). H
ow

ever. in an evergreen 

annual leaf area losses w
ere com

piled for each species from
 

Sub"opi* 
average =cording ro irs leaf nrca index. LA

1 w
as calculared fm

m
 

canopy (w
here m

ost leaves live m
ore than one year), A

sen 
32.5 

(2.6) 
16.5 (1.0) 

2.0 
.* 

leaf linet fall am
ounrs (Law

m
an 1982a). 

the long-term
 observations, and these dam

 w
ere com

pared 
I 

Significance levels (srdcno I-m
t): 

P <
 0.01; ** P <

 0.001. 
dam

age 
to young leaves rem

ains incorporated into the 

co the h
e

r
e

 sam
pling. 

R
egion 2 

15.5 (1.4) 
8.0 

(0.9) 
1.7 

P 
14.0 

12.3 
1.9 

f 
canopy for tw

ice the duration of annually deciducnrr leaves. 
G

razing loses of 3-10 
percent, often aced in the litera- 

R
E
S
U
L
T
S
 

G
ru

~
o

p
tta

ln
m

 ap
t~

a
lu

m
 

W
arm

 rernpcrnre 

A
 com

parison of the m
ethods show

ed chat tesults of &
- 

Sun lava 
16.9 (2.0) 

3.4 
(0.5) 

5.0 
*. 

aete sam
pling w

ere low
er than those of long-term

 o
b

u
r- 

Shade leaves 
35.3 (2.5) 

9.4 
(1.1) 

3.8 
.* 

vation for each species (T
able 

1). indicating that herbi- 
' 

26.1 
6.4 

4.4 

vores consum
e som

e leaves endrely in rainforest canopies, 
N

O
1

b
fa

~
r mm

i 

rather than onlv ~
d

v
 

n
azin

n
each

 leaf. T
he di&

eo- 
'w

' 
rem

pcnn 
,. 

,
-

 
- 

ancy bew
een 

from
 negligible digerenie 

S
ubire 1 (

N
 - 500) 22.5 

(2.1) 
11.7 (1.0) 

1.9 
S

ubite 2 (
N

 - 500) 40.5 
(1.8) 

15.0 (0.9) 
2.7 

*. 
(T. au

u
rrra

li~
, where the long-term

/dium
e ratio w

as 1.1) 
~

~
b

,
~

~
 

(N
 - 

30,3 
(3,0) 

13,6 
2.2 .. 

to a highly significant ratio of 5.0 fot sun leaves of C. 
a
 

1
1

 1 
1

1
 < 

7
 
1
 

,... 
.,., 

-., 
a

p
rra

lu
m

, in w
hich m

anv leaves w
ere endrelv earn

. O
ver- 

-
 

. 
ail, the long-term

 obw
r;ations revealed a k

p
a

n
c

y
 ap- 

D
qphW

a 

prox.m
atelv 2.5 dm

es 
b
a
n
 the d

k
e

te
 

Coo1 tem
penre 

13.6 (1.8) 
12.0 

(1.2) 
1.1 

n.s. 
- 

- 
w

ith
in

 the canopi&
 of individual species, variability 

Sub"opicd 

in herbivory existed w
ith 

respect to light (shade leaves 
Sun Ieav" 

13.4 
(2.0) 

4.4 
(0.7) 

3.0 
*. 

w
ere grazed m

ore heavily than sun leaves, 
r.g

., C. 
u

p
,- 

Shade Ieaves 
16.3 (2.2) 

6.4 
(0.7) 

2.5 
*- 

~
a

lu
m

: F ,,,,, 
=

 28.3 I. 
P

 <
 0.001) and w

ith respect to 
14.9 

5.4 

sites, both on a sm
all scale (r.g

., N
. 

m
m

i
 am

ong three 
W

"m
 

subsites: F,,,,, =
 3.03, P <

 0
.0

1
) and on a larger geo- 

Sun leaves 
17.6 (2.2) 

4.5 
(0.9) 

3.9 .. 
graphic level, although not significantly (r.g

., D
. ~

a
~

r
a

f
r

~
s

 Shade leaves 
27.8 

(2.6) 
7.6 

(0.9) 
3.7 

** 

am
ong three rainforest form

ations: 
F, ,,,, =

 0.55, 
n.s.). 

22.7 
6. I 

D
espite this inaaspecific variability, the com

parisons be- 
x 

2.6 

w
een sam

pling m
ethods consistently show

ed a m
ore con- 

O
vcnll m

ean rario long-rerm
/diw

rcre 
servative rare w

ith discrete sam
pling as com

pared to long- 
"m

peng 
difference 

2.5 

term
 observations. 
T

o estim
ate herbivory for the entire rainforest com

- 
m

unity (T
able 2), the herbivory losses of m

any species 
and 

canopy 
regions 

w
ere 

averaged 
using 

propom
ons 

w
eighted according ro a species' abundance w

ithin a can- 
opy (L

ow
m

an 
L

982a). 'Ihe long-arm
 calculations w

ere 
w

o
 to three tim

es greater than the discrete sam
pling. T

he 
cool tem

perate rainforest. w
ith its m

onospecific canopy of 
N

. m
o

a
i, had highest levels of grazing; the m

ost diverse 

' Popularions of leaves u
e

 defined as groups of leaves w
irh 

signifiw
dy differenr m

orphological features (1.8.. sun and shade 
leaves). Satistical dara (A

N
O

V
A

) for deccrm
inarion of leaf pop- 

ulations are lisred in Low
m

an (1982a), and srarisrical differences 
in sun and shade leaf herbivory arc reporred in Law

m
an and 

Box (1983). 
Significance levclr (srudm

n t-m
r) k

e
e

n
 long-term

 and dis- 
crere sam

ples: n.s., nor significant; 
P <

 0.01; *. 
P c 0.001. 

canopy, subtropical, 
had the low

est herbivocy loss; and 
the w

arm
 tem

perate w
as intetm

ediate both in species di- 
vm

iry of its canopy and in grazing. 
L

iner fall and leaf longw
iry sm

dies w
ere conducted 

in 
A

urualian 
rainforests 

sim
ultaneously 

w
ith 

grazing 
m

easurem
ents and are reported in L

ow
m

an (1982a). T
he 

$ 
annual leaf fall dam

 are sum
m

arized here, how
evet, and 

com
pared w

ith annual grazing (T
able 3) rn quantify the 

; 
biom

ass turnover of these rainforesr canopies along the 
w

o
 m

ajot pathw
ays of prim

ary consum
ers and decom

- 

t 
posm. T

he total potential canopy in an evergreen rain- 
forest w

here m
ost leaves live 2 yean (L

ow
m

an 
1982a) 

com
prises tw

ice the annual leaf fall plus the leaf m
aterial 

j 
grazed by herbivores. W

ith 2-ynr leaf longevity, the pto- 
: 

portion of annual leaf Fall is only half that w
hich occun 

i 
in a northern deciduous forest, w

hereas grazing dam
age 

is retained for tw
ice the duration of an annually deciduous 

f 
canopy. In the cool tem

perate rainfotest, for exam
ple, the 

,
 

annual leaf biom
ass round through to pciiary consum

en 
(27%

) is nearly equivalent to m
rnover through the decay 

pathw
ay (36.5%

). If grazing losses are as high in other 
:
 

plant com
m

unities, the effect of herbivores on plant pti- 
I 

m
ary production m

ay be m
ore extensive than previously 

assum
ed. 

I 
DISCUSSION 

'i 
T

he tem
oval of leaf m

atetial 
by prim

ary consum
ers at 

1 
proportions of u

p
 to 4

0
 percent for som

e A
usnalian tain- 

1 
forest v

e
s

 is surprisingly high and suggests the need to 
5 

tm
am

in
e the role of herbivotes in m

o
v

e
r of planc bio- 

m
acs. D

ecay usually is regarded as a larger, m
ore im

por- 
M

I 
pathw

ay of leaf m
aterial m

m
over than grazing by 

m
re from

 d
i

i
t

e
 m

easu;em
ents, 

m
ay appear insignificant 

in term
 of overall com

m
unity biom

ass (H
airston 

rr 
a

l. 

1960). H
erbivory m

ay be m
ote significant, how

ever, if 
these figurer represent w

o
- or threefold underestim

ates, 
as in A

ustralian rainforesr. 
T

w
o possible explanations 

can 
be 

posed 
for these 

higher levels of h
e

c
b

iv
o

w
n

e
 relating to the isolation 

of A
usualian flota and fauna and subsequent differences 

in uophic levels, and the other sim
ply an a

d
a

c
t of the 

sam
pling m

ethodology. R
ecent studies in A

usualian plant 
com

m
unities have 

show
n 

consistendy 
high 

defoliation 
Icvels: 

eucalypt w
oodlands 

(Journet 198 I), planrations 
(C

arne 
1966). uplands 

(Fox and M
orrow

 
1983), and 

pasw
eland u

e
s

 (L
ow

m
an, unpubl.); coral cay vegetation 

(H
eaw

ole rt a
l. 1981); and rainforests (L

ow
m

an 1982a. 
L

ow
m

an and B
ox 

1983). U
nusually 

large num
ben of 

C
oleoptera have been observed as defoliators in all A

us- 
nalian system

s (M
orrow

 
1977. H

eaw
ole. pen. com

m
.; 

L
ow

m
an 1982b); w

hether the relative proportions of in- 
sect herbivores and insect ptedators in A

ustralia are com
- 

parable to other continents rem
ains unknow

n. C
om

par- 
ative intercondnenral studies of insect and bird population 
dynam

io m
ay explain these apparent differences. 

A
ssum

ing that uophic levels in A
usualian forests are 

sim
ilar to those of other continents, 

the high levels of 
herbivory m

ay sim
ply be an artifact of sam

pling. L
ong- 

term
 observations represent a m

ore com
prehensive m

eth- 
od of sam

pling, w
hich w

ill inevitably yield higher results 
fot plants in w

hich som
e leaves are eaten entirely (an 

w
en

t unaccounnd for in discrete sam
pling). T

his sm
dy 

show
s consistently higher levels of defoliauon as m

easured 
by long-term

 observations than by discrete sam
pling, cor- 

responding co results elsew
here in the literam

te. F
unher 

co
m

p
u

h
n

s of evergreen fw
n

t herbivocy levels on another 

M
easuring H

erbivory 
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