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ABSTRACT. A new technique for sampling in tree canopies is described. "Sled sweeping" provides 
replicated estimates of relative insect, foliage or flower abundance in tree canopies in a homogeneous 
fashion, and can be replicated over many trees in rapid succession. We illustrate its use for estimates of 
diversity and the relative distribution of insects in tropical forests, as well as a measure of variability of 
insect abundance among tree canopies. We also discuss applications of the sled for floristic, pollination 
and taxonomic studies of epiphytes and other canopy phenomena. 

Access to tropical forest canopies has been 
greatly enhanced by the development of tech
nical climbing hardware (e.g., Lowman 1984, 
Nadkarni 1984), but most methods do not allow 
access to the uppermost branches. These canopy 
branches, with their active phenological constit
uents ofleaves and flowers (Lowman 1992) may 
contain the majority of insects, epiphytes and 
organisms dependent upon photosynthesis. Ac
cess to this uppermost region will enhance stud
ies of pollination, herbivory and other interac
tions. 

The greatest diversity of organisms in the world, 
predominantly invertebrates, is hypothesized to 
live in the canopies of tropical trees. This topic 
is currently the subject of intense debate and 
interest (reviewed by Wilson 1989). The num
bers of species on earth, conservatively estimated 
at 3 million (Southwood 1978a, Strong et al. 1984) 
and 10 million (Wilson 1989) during the last 
decade, have skyrocketed to 30 million with Er
win's fogging studies in neotropical rain forests 
(Erwin 1982, 1991) and more recently to 32.5 
million as Erwin analyzes his data (Erwin 1992). 
But these high estimates have been criticized, 
since they are extrapolations from several tree 
canopies over a relatively short time period (Gas
ton 1991). The limitations of sampling tech
niques in tree canopies make it difficult-nearly 
impossible-to accurately quantify the distri
bution and diversity of invertebrates in rain for
ests (rev. in Southwood 1978b, Lowman 1982, 
1985, Erwin 1989). 

One of the major problems for canopy research 
is the obvious logistic difficulty associated with 
access (rev. in Mitchell 1982, Wilson 1991). Dur
ing the last decade, several new and innovative 
techniques have been employed: 
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1. Canopy fogging for invertebrates, whereby 
a nonpersistent insecticide mist is sprayed 
throughout a column offorest from an apparatus 
hoisted up into the canopy and insects fall onto 
sheets of specific area or other collecting devices 
on the forest floor (Erwin 1983, Stork 1991, 
Kitching et al. 1993). 

2. Technical climbing hardware and ropes that 
enable vertical access to different levels of fo
liage, epiphytes, or other organisms (e.g., Perry 
1978, Lowman 1984, Nadkarni 1984). 

3. Canopy walkways, offering permanent ac
cess to sections of understory canopy (e.g., Wint 
1983, Lowman 1985). 

4. Canopy rafts, or Radeau des Cimes, pow
ered by a dirigible, that can be placed temporarily 
atop the canopy for access to foliage around the 
edges of the structure (Halle & Blanc 1990, Halle 
& Pascal 1992). 

5. Construction cranes (Parker et al. 1992). 
All of these methods have obvious limitations 

for ecological sampling, (see TABLE 1). 

METHODS 

During the 1991 expedition of Operation Can
opee in the Biafran-Congo Basin equatorial rain 
forests of Cameroon, a new sampling technique 
was designed to overcome some of the limita
tions of reaching uppermost canopy branches. A 
canopy sled (a portable triangular raft, 5 m x 5 
m x 5 m) was constructed to "sail" atop the rain 
forest canopy, maneuvered by the dirigible. The 
sled was used by us for ecological sampling of 
patchiness ofinsect distribution in many canopy 
trees within close proximity, and by other canopy 
biologists for collections of canopy leaves, flow
ers, fungi, vines, and pollinators. The uppermost 



76 SELBYANA [Volume 14 

TABLE 1. Current major techniques of access into rainforest canopies and their respective features for fieldwork. 

Method Advantages Disadvantages 

Single rope techniques Access to different canopy heights 
Shifts easily between trees and sites 
Easy to operate alone or in pairs 
Easy to replicate between canopies 
Relatively inexpensive 

No access to uppermost canopy 
Requires time and effort 
Only one researcher per rope 
Requires skill to operate safely 
Limited to sampling in close proximity 

to rope 
Walkways Permanent structure 

Permanent access to specific trees 
Moderately inexpensive 

Cannot be moved to new sites 
Cannot reach more than 5-8 trees (in 

most cases) 
Can work at night and in bad weather 
Can be expanded as time and funds al-

No access to uppermost canopy 
Expansion limited to available strong 

trees low 
Allows collaborative work Can result in overuse of adjacent trees 

Canopy cranes Permanent access to different trees 
Easy to replicate between trees 
Allows collaborative work 

Cannot reach far beyond length of the 
boom 

Access to lower canopy may be imped
ed (by density of upper crown) 

Limited number of workers at one 
time (3) 

Expensive to own and maintain 
Raft/sled inflatables Allows replicative, quantifiable sam- Not functional in bad weather 

Expensive to own and maintain 
Good access to lower canopy levels 

pling 
Access to uppermost canopy 
Allows collaborative work 
Minimal damage to sites 

with ropes 
Only 3-6 researchers in the canopy at 

one time Can sample many crowns over a short 
duration Site selection important (to minimize 

damage to inflatables) 

crown has not been reliably sampled by any other 
method. 

In a fashion similar to fishing-boats trawling 
with nets in shallow waters, we conducted sweep 
netting in replicated individual canopies over 
5-min durations from the sled along a transect, 
at a height of 35-45 m on top of the canopy 
(FIGURE I). Each sample, collectively comprising 
10 full sweeps taken from each tree canopy, was 
collected with nets of 38 cm diameter and dense 
sailcloth mesh. The net was sprayed lightly with 
a knockdown nonpersistent insecticide (Prentex, 
active ingredient 3% Resmethrin) to allow easy 
transfer of insects out of the nets into a plastic 
bag. (An improved net, with multiple clip-off 
nets to allow faster sampling, is being designed 
for future sled sweeping.) 

REsULTS AND DISCUSSION 

Insects collected by the replicated technique 
of 10 sweeps per tree canopy were compared for 
abundance and diversity. Over 2 days, we col
lected samples from 25 canopies. The total num
ber of insects ranged from 2-32 individuals per 

Short durations of "flights" by sled; 
raft restricted to semi-permanent 
"moorings" 

canopy sample. Mean number of individuals was 
12.1 (SE 4.1) and number of species was 8.7 (SE 
4.4). Over 40% ofthe insects in the upper canopy 
comprised ants (and > 75% of those were ere
matogaster species). 

Although the identification of insects to the 
level of species has not yet been completed, the 
proportions of each order collected from sled 
sweeping in the uppermost crown were as follows 
(expressed as proportions of total catch): Hy
menoptera 40.9, Diptera 6.9, Coleoptera 13.9, 
Homoptera 9.2, Collembola 0.3, Hemiptera 4.6, 
Orthoptera 3.0, Lepidoptera 3.3, Blattodea 0.7, 
spiders 13.2, and miscellaneous 4.0. All taxa that 
were represented by < 3% were lumped together 
as "miscellaneous." Further analyses of insect 
species, host trees and herbivory levels are un
derway (Lowman, Moffett and Rinker unpubl.). 

The new technique of "sled sweeping" offers 
taxonomists an ability to collect flowers, fruits 
and leaves from the uppermost canopy; and ecol
ogists an opportunity to conduct statistically val
id, repeated samples of foliage insects or other 
organisms from the uppermost canopy, a regi()n 
not previously accessible for replicated ecologi-
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FIGURE 1. The portable sled (5 m x 5 m x 5 m) suspended from a balloon or dirigible as researchers ascend 
from the ground into the upper canopy for foliage sweep sampling (Cameroon, Africa, November 1991). 

cal sampling. Insect data from tropical tree can
opies is historically limited to a few tree canopies 
at a few sites, because most tecbniques are so 
labor-intensive (Erwin 1982, Kitching et al. 

1993). The sled enabled participants on Opera
tion Canopee to undertake comparative studies 
of insects, flowers, or foliage between many dif
ferent canopies within a single day. The construc-
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FIGURE 2. A depiction of sweep netting in the uppermost canopy from the portable sled that is maneuvered 
by a dirigible overhead. 

tion of portable sleds is also less expensive then 
the larger, more permanently-situated raft struc
ture. 

Although the resulting data on abundance of 
insects may appear low upon first glance, the 
uppermost region of canopy is analogous to a 
desert, with extreme windy and sunny condi
tions. The high variability (ranging from 2 to 32 
individuals per sample) suggests that insect dis
tribution in tropical forests may be much more 
patchy than originally predicted. Some trees had 
relatively high densities, while others were rel
atively depauperate in insects. Abundance ap
peared to coincide with phenological events (e.g., 
flowers, leaf flushes). If this is the case, then cur
rent extrapolations of biodiversity may be al
tered by the heterogeneity of insect distribution 
in tree canopies (e.g., Erwin 1991), since all trees 
may not harbor high insect diversity at anyone 
time period. Instead, guilds offoliage feeders and 
pollinators (as well as their predators and para
sitoids) may shift between tree crowns, in syn
chrony with the phenological events that impart 
resources, namely flowering and leafing. 

Further sampling is underway to examine the 
hypothesis that insect distribution in tropical for-

est tree canopies is patchy, and related to the 
heterogeneity of plant resources. 
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