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Abstrad: Significantly more individual s and biomass of nying insects were present at lhe fores! edge lhan in lhe 
understory lhroughout the year, as monitored by flight intereeption traps, in Central Amazonia. Numbers and biomass 
of nying insects increased al higher rates al lhe edge with rainfall, associated wilh termite swarming behavior and 
increased Homopteran density. The mos! abundanl insee!s werc Díptera, Coleoptera, Hymenoptera and Isoptera, 
whose ranked abundan ces varied wílh respect to foresl edge and understory, as well as wilh season. 
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The implantation of large-scale agricultural 
and ranc hing projects , stimulated by 
government incentives during the mid 1960's 
until 1990, resulted in clearing large areas of 
Brazilian Amazon forest and the formatíon of 
forest fra gments (Dantas 1979). Fores t 
fragmentation exposes speeies assemblages to 
c han ges in habitat heterogeneity and an 
increase predominance of edge effects (Klein 
1989). Edge effeets have bccome increasingly 
important in natural area management (Fowler 
el al. 1991). Given stronger microclimatic 
gradients at forest edges than in forest interiors 
(Lovejoy 1985), the effects of tr opical 
seasonality (Wolda 1978) s hould be more 
pronounced at forest edges. 

Animal studies in the Amazon, with few 
exceptions (PowelI and Powell 1987, Klein 
1989), have focused on vertebrates, primarily 
birds (Bierregaard and Lovejoy 1989). This is 
surprising, given the astronomieal diversity of 

. inseets within the Amazon forest (El ton 1973, 
1975, Penny and Arias 1982, Young 1982). The 
purpose of this work is to study the edge effects 
on fIying inseet assemblages in pristine edges 

of Central Amazonian fores t, to examine 
eontras ting and abrubt e dges of a forest 
fragment (Lovejoy 1985), as well as the 
taxonomic, size and seasonal distributions of 
insects al forest edges and in Amazonian forest 
understories. 

MATERIAL AND METHODS 

Stu dies were conducted in an a rea of 
upland tropical humid forest, "terra firme", 
of the Central Amazon. We used a 10 ha 
forest fragment reserve, "Colosso", isolated 
in 1980, of lhe Biological Dynamics Project 
of Forest Fragments, located approximately 
80 km north of Manaus (20 25' S, 590 50' 
W). The forest surrounding the reserve was 
cut and burned at the time of isolation, and 
now consisls of grasses and second growth 
forest. The region has an avera ge rainfall of 
2 200 mm, with a marked seasonality of 
precipitation. The dry season runs from 
June lO Oetober. The rest of the year is the 
wel s ea s o n  (Bierregaa rd and Lovejoy 
1989). 
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Flight interception traps (Southwood 1978) 
were constructed by suspending, with a nylon 
rope, a cIear glass plate (20 X 20 cm) 1.7 m 
aboye ground level. Transparent plastic sheets 
were placed on each side of the glass pIate and 
were covered with Tanglefoot (R) adhesive. 
For randomly chosen locations within the 
forest fragment and on the forest edge, four 
traps each were mn from the 8th to the 10th of 
October, 1988. For the remaining collections 
(21 November - 21 December, 1988; 24  
Febmary - 9 March, 1989; 19  -27 April, 1989; 
and 12-21 June, 1989), five traps were used for 
each. Samples were frozen until examined. 

Captured insects were identified to order 
using the keys of Borror and Delong (1988). 
Individual insects were measured for maximal 
body length after removal from the sticky trap 
with gasoline. After drying, a subsampIe was 
weighed to establish relationships between 
body length and dry weight for each order. 
Beeause derived length-weight relationships did 
not significantly differ from those published by 
Rogers et al. (1977), these equations for 
Coleoptera, Diptera. Lepidoptera, Hyme
noptera, Hemiptera, Homoptera, and Orthoptera 
were used for biomass estimates. Because of 
variable sampling periods, data were 
standardized by calculating the rate of capture 
of both individuals and biomass/m2 /day. For 
statistical analysis, each side of the sticky trap 
was treated separately, giving a total of 48 for 
forest interior and 46 for forest edge (data from 
one trap were lost). Sample constancies were 
calculated by examining the number of total 
traps containing an order divided by the total 
number of traps used duríng the study. 

RESULTS AND DISCUSSION 

Fewer individuals were captured in the 
forest understory than at the forest edge (Table 
1) (z  = -32.790, P < 0.0001). In absolute 
numbers, the numbers of inseets at edges was 
much greater than in the interior (X2 = 192.189, 
P = 0.00001). The number of individuals per 
order was significantly correlated (p < 0.05) 
between interior and edge (r = 0.9768), as were 
their sample constancies (r = 0.9543). The 
number of individual s present al the edge was 
an increasing function of number in the interior 
(number al edge = 1.7051 + 34.1607[number in 

interior], F = 270.539, P < 0.0001). Sample 
eonstaney for inseet orders was also signifieantly 
eorrelated (p < 0.05) with order abundanee for 
both edge (r = 0.8385) and interior (r = 0.8973). 

Isoptera and Homoptera were signifieantly 
more abundant at the edge than in the interior, 
while for Diptera and Hymenoptera the inverse 
was found (Table 1). Ranked importanee of the 
orders based upon total individuals eaptured 
during this study, however, was not 
significantly different between edge and 
interior (K.ruskal-Wallis test p > 0.05). 

Inseet numbers and size distributions varied 
significantly between forest interior and edge in 
aH samples (Fig. 1), with the forest edge always 
having signifieantly higher abundanees, and 
generally larger individual sizes than the interior. 
However, only the monthly abundanees of very 
small inseets, 1-2 mm and 2-3 mm, or inseets 
larger tha 3 mm were signifieantly correIated 
(Table 2). 

Estimated densities and biomasses of flying 
inseets at the edge and interior (Fig. 2) also 
varied signifieantly through the study periodo 
Inseet densities and biomasses were more 
strongly related with rainfall at the edge (r = 
0.7937 and r = 0.7394, respeetively) than in the 
interior ( r  = 0. 5038 and r = 0. 4790, 
respectively). Inseet biomass at the edge was 
strongly eorrelated with density at the edge (r = 
0.9846) and the interior (0.8748) as well as 
with interior inseet biomass (r = 0.9443). 

Sample to sample variations in the importan
ee of inseet orders (Fig. 3) were also found 
(K.ruskal-Wallis test p < 0.05). Notably, Isoptera 
and Homoptera were much more abundant at 
the forest edge during Oetober (Fig. 3a) and 
April (Fig. 3d), while Diptera dominated both 
interior and edge communities in February (Fig. 
3e) and July (Fig. 3e). During Deeember (Fig. 
3b) the Hymenoptera were mueh less 
represented in the edge than in the interior. 

The density of flying insects was greater at 
forest edges than in  the forest interior, 
inereasing 30% fas ter. Correspondingly, flying 
inseet biomass also was larger at the edges. 
Larger inseet den sities are generally less than 
those of smaller inseets (Morse et al. 1988, 
Lawton 1989, Blackbum et al. 1990), but tend 
10 eat more (pagel et al, 1991). 

Diptera and Hymenoptera were relatively mo
re abundant in the interior. As both groups were 
charaeterized by smaller individuals, the effeets 
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TABLE 1 

Th8 constancies and relative freq/llmcies 01 insect orders associated with lorest edges and inJeriors 01 the Central Amazon 
over a 9 mor&th period captured withflight interception traps. Foren edge: individuals (N = 7388). traps (N = 48); 

lorest interior (N = 4(01). traps (N = 46) 

Forest Interior ForestEdge 

Order Constancy Frequency Constancy Frequeney 

Diptera* 1.00 0.4004 1.00 0.3610 
CoIeoptera 1.00 0.2644 1.00 0.2550 
Hymenoptera* 1.00 0.1825 1.00 0.1401 
Isoptera* 0.85 0.1347 0.83 0.2150 
Orthoptera 0.15 0.0017 0.35 0.0033 
Dennaptera 0.04 0.0007 0.18 0.0008 
Thysanoptera 0.10 0.0015 0.02 0.0014 
Homoptera* 0.21 0.0037 0.64 . 

0.0140 
Hemiptera 0.38 0.0092 0.52 0.0074 
Lepidoptera 0.04 0.0005 0.12 0.0010 
Triehoptera O O 0.08 0.!Í004 
Ephemoptera O O 0.02 0.0001 
Zoraptera O O 0.02 0.0001 
Embioptera 0.02 0.0002 O O 
Neuroptera O O 0.02 0.0001 
Psocoptera 0.02 0.0002 0.04 0.0003 

Significant values: *p<0.01 for a Z test for equality of respective proportions in each sampled commUJÚty. 

TABLE2 

Correlation matrix 01 abundances between size classes 01 flying wects captured at flight interception traps 
in the Central Amazon. SigniflCant correlations are in italics 

size e1ass: 
(mm body length) 

2-3 

3-4 

4-5 

5-6 

6-8 

8-10 

=> 12 

1-2 

0.854 

0.418 

0.049 

0.494 

0.095 

0.196 

0.365 

2-3 3-4 

0.592 

0.042 0.306 

0.580 

0.193 

0.340 

0.559 

0.903 

0.832 

0.856 

0.743 

of microclimate may be more inten�e , as 
smaller insec� tend to dehydrate at a fast rate 
(Lawton 1989). Additionally, most of the 
Hymenoptera captured were parasitic, which 
may attest to a higher abundance of potential 
hos� at other substrate levels which were not 
sampled. The Isoptera and Homoptera were' 
more common at the edge than in the 
interior. Concurrently, and in comparison 

4-5 

0.201 

0.319 

0.297 

-0.121 

5-6 

0.736 

0.721 

0.701 

6-8 

0.721 

0.511 

8-10 

0.633 

with the interior, large pop ulations  of 
homopteran-

Although biomasses remained fairly cons
tant in the interior, increasing significantly only 
in April, they fluctuated greatly at the edge. 
Densities were significa ntly lower in  
December, and  significantly higher in  April in 
the interior, although significant differences 
were found between a11 months at the forest ed-
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Fig. 3. The abundanee of inseet orden at edges and 
interior (black) of Amazoman foresto 

ge. Even in the forest interior, different inseet 
orders demonstrated higher relative frequencies 
at differing periods of the year. These results are 
different fron those found by Wong (1984) for 
understory inseets of Malaysia, but are as 
variable as those reported by Wolda (1976) for 
Panamanian inseet eommunities. 

Althougb tbe taxonomie res olution of 00( 
data is o nly at tbe inse et order, we bave 
sbown tbat tbe dynamics of flying inse et 
eommunities differ m ore in numbe rs and 
biomass in· the forest interior than at the edge. 
Our estimates of inseet density and biomass 
are c omparable witb re sults from o tber 
s ampling metbods from tbe same area 
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(Penny and Arias 1982). Qur results highlight 
the strong edge effects associated with 
Amazonian forest fragmentation, and suggest 
that insects, which are dominant regulators of 
nutrient cyc1es and energy fluxes in tropical 
forests (Wilson 1987), should receive higher 
priorities in efforts of trying to elucidate the 
ec010gical consequences of deforestation of 
tropical systems (Fowler et al. in prep.) 
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RESUMEN 

Las densidades y biomasas de i nsectos 
voladores son mayores en el borde que en el 
interior de un lugar de la selva amazónica, 
según estudio con trampas adhesivas. Tales 
valores aumentaron 30% más rápidamente en 
el borde. Las densidades y biomasas en el 
borde se correlacionaron con la lluvia, lo cual 
correspondió especialmente con un aumento de 
Isoptera y Homoptera. Los órdenes mas 
abundantes fueron Diptera, Coleoptera, 
Hymenoptera, e lsoptera, los cuales variaron en 
abundancia con la época del año y fueron 
diferentes en borde e interior de la selva. 
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