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Abstract

Parasitoids are of great importance to forest ecosystems due to their ecological role in the regulation of the population
of other insects. The species richness and abundance of parasitoids in the forest canopy and understory, both on the
borders and in the interior of a tropical forest reserve in Central Amazonia were investigated. For a 12-month period,
specimen collections were made every 15 days from suspended traps placed in the forest canopy and in the understory
strata, both on the border and in the interior of forest areas. A total of 12,835 Hymenoptera parasitoids from 23 families
were acquired. Braconidae, Diapriidae, Mymaridae, Eulophidae, and Scelionidae were the most represented in the area
and strata samples. The results indicate that there were no significant differences in the species richness or abundance
of Hymenoptera between the forest borders and the inner forest. The data does show that the presence of Hymenoptera
is significantly greater in the understory in both the border and interior areas than in the canopy (vertical stratification).
Aphelinidae and Ceraphronidae were significantly associated with the inner forest, while the other seven families with
the border of the reserve. The abundance of Hymenoptera parasitoids presented seasonal variations during the year
related to the rainy and dry seasons.
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Distribuicao espacial de Hymenoptera parasitoides em uma
reserva florestal na Amazoénia Central, Manaus, AM, Brasil

Resumo

Os parasitoides s@o de grande importancia nos ecossistemas florestais pelo seu papel ecolégico na regulacdo da
populagio de outros insetos. Foram investigadas a riqueza e a abundancia de parasitoides no dossel e sub-bosque, tanto
na borda como no interior de uma reserva florestal tropical na Amazonia Central. Durante 12 meses, foram realizadas
coletas quinzenais por meio de armadilhas suspensas instaladas no dossel e subdossel da borda e interior da floresta.
Foi contabilizado um total de 12.835 Hymenoptera parasitoides, distribuidos em 23 familias, sendo Braconidae,
Diapriidae, Mymaridae, Eulophidae e Scelionidae as familias mais representativas nos locais e estratos amostrados.
Os resultados indicaram nédo haver diferencas significativas na riqueza ou na abundancia de Hymenoptera entre borda
e interior da floresta. Os dados de riqueza e abundéancia de Hymenoptera s3o significativamente maiores no sub-bosque
das duas dreas (interior e borda) em relagdo ao dossel (estratificagdo vertical). Aphelinidae e Ceraphronidae foram
associadas significativamente ao interior da floresta; outras sete familias foram relacionadas significativamente a borda
da reserva. A abundancia de Hymenoptera parasitoides apresentou efeito de sazonalidade durante o ano, relacionada
ao periodo de seca e chuvas.

Palavras-chave: Hymenoptera, parasitoides, Amazonia, estratificagio, floresta tropical.
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1. Introduction

In tropical rain forests many species are susceptible
to the process of extinction, principally those that occur
in low densities and participate in narrow and complex
interactions with other species (Myers, 1987).

Evidence indicates that insect species respond to
environmental alterations in different ways and are affected
by the alterations in the interactions among species. The
cascading effects of these individual responses affect the
structure and composition of communities (Menéndez,
2007). Many studies have shown the importance of tritrophic
interactions when evaluating the effect of environmental
changes (e.g. Bezemer et al., 1998; Coley, 1998; Johns and
Hughes, 2002; Hamilton et al., 2004; Menéndez, 2007;
Thuiller, 2007; Battisti, 2008).

The large number of parasitoid species, combined with
their abilities to respond to their density-dependence on the
population of their hosts, are essential to the maintenance of
ecological balance and contribute to the diversity of other
organisms (LaSalle and Gauld, 1993). As climate changes
affect the hosts and the parasitoids differently, it is to be
expected that the distribution of each species changes and
communities are altered, including the adaptation of the
parasitoids to new species of hosts (Hance et al., 2007).

Parasitoids can be used to evaluate the effects of forest
fragmentation which affect them much more than it does
their phytophagous hosts (Kruess and Tscahrntke, 1994,
2000). Besides this, hymenopterous parasitoids are good
biological indicators. For example, Braconidae are not only
aregulating agent of diverse groups of herbivore insects,
but also indicate the presence or absence of herbivores
(Matthews, 1974; LaSalle, 1993).

Despite their importance, parasitoids have been little
studied in the Amazon region where knowledge of diversity
and distribution is still incipient. Habitats such as tropical
forest canopies can constitute a niche for many new species
because these forest tops are considered the heart of biotic
diversity (Erwin, 1997). He defined the tropical forest

canopy as the “last biotic frontier”, referring to the vast
richness of organisms in this habitat; mainly arthropods
(e.g. Basset et al., 2003).

Sutton et al. (1983) observed vertical stratification in
the tropical forests of Panama, Papua-New Guinea and
Brunei with a marked preference for certain groups of
insects including Agaonidae (Hymenoptera) in canopy
areas. Stork (1991) observed that Hymenoptera was the
group with the greatest richness of species in the tree tops
of the forests of Borneo. In the Amazon forest, Adis et al.
(1998) observed that Formicidae (Hymenoptera) and
Diptera were dominant in the tops of Goupia glabra
(Celastraceae), where the biotic interaction between dipteran
gall formersand parasitoids was verified. The relatively
rare species of Euglossinae (Hymenoptera) was found only
in the canopy between 12 to 15 m high (Oliveira, 2001).

The aims of this study were to investigate the species
richness and abundance of Hymenoptera parasitoids, taking
into account their seasonal distribution in the understory
and canopy, as well as in the inner forest and on the forest
border of an Amazon forest reserve.

2. Materials and Methods

2.1. Study area

The study was conducted in the reserve at km 41
(2° 26’ 56.26” S; 59° 46’ 12.68” W) of the Dynamic
Biology of Fragmented Forests Project (PDBFF) of INPA/
Smithsonian Institute, in an area of approximately 2470 acres,
located in the north of Manaus Municipality, Amazonas,
Brazil. The vegetation in this area is composed of typical
terra-firme forest (Gascon and Bierregarrd Junior, 2001).

2.2. Collection method

Suspended traps were used (adapted from Rafael and
Gorayeb, 1982) with a yellow lower septum (Figure 1) and
an 80% alcohol/glycerin solution (8:1) in the collecting
tray. The traps were placed on 6 trails (AB, R, J, C, EE,
LL), 700 m equidistant. On each trail traps were located,

Figure 1. Suspended trap (adapted from Rafael and Gorayeb, 1982) used for the collection of Hymenoptera parasitoids in
the continuous forest reserve at km 41, Manaus, AM (A = understory; B = canopy).
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a set on the border and a set in the inner forest (a set being
one in the canopy and one in the understory), a total of
24 traps (Figure 2) covering the total extension of the
reserve. The traps placed in the inner forest were 500 m
from the border. In the canopy, the traps were installed in
the tree tops at an average height of 22 m. The understory
traps were installed on trees at a height of approximately
1.8 m. Every 15 days, between May 2004, and April 2005,
the captured insects were removed from the traps and
transferred to flasks containing 70% alcohol.

2.3. Sweeping and identification

Sweeping of the material was done using a stereoscopic
microscope, separating the Hymenoptera parasitoids from
the other insects collected. The parasitoids were identified
at the family level and thus the abundance of the groups
collected was determined. The identification of groups was
based on Gibson et al. (1997), Goulet and Huber (1993)
and Hanson and Gould (1995). In this study, Vespoidea
with parasitoid habits was not included. The material
collected was deposited at the Invertebrates Collection of
the Instituto Nacional de Pesquisas da Amazonia (INPA)
and in the Taxonomic Collection, Department of Ecology
and Evolutionary Biology, of the Universidade Federal de
Sao Carlos (DCBU).

2.4. Analysis of the data

Comparisons of the richness and abundance of
Hymenoptera parasitoids between the canopy and understory,
as well as between the inner forest and the forest border
were carried out using variance analysis (ANOVA).
Nonmetric multidimensional scaling (NMDS) was used
to compare the composition of Hymenoptera parasitoids
between the canopy and the understory, and between the
border and interior areas of the reserve. Species Indicators
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Analysis (Dufréne and Legendre, 1997) with the Monte
Carlo Test of 999 randomisations, a posteriori, were used
to verify the association of the Hymenoptera families in
determined vertical and horizontal strata.

3. Results and Discussion

About 12,835 specimens from 23 families of
Hymenoptera parasitoids were collected (Table 1). The
most representative in abundance on the border and in the
interior areas, as well as in the canopies and understories
in the reserve, were Broconidae, Diapriidae, Mymaridae,
Eulophidae and Scelionidae.

There was not a significant difference in the species
richness of Hymenoptera parasitoids on the border or in the
interior of the reserve (Figure 3) when the vertical substrata
of the canopy and understory are considered separately
(F (1.10) = 0.082, p = 0.780; F (1.10) =0.652, p = 0.438,
respectively). The abundance of parasitoids (Figure 4)
was similar between the border and the interior of the
forest, as well as between the canopy and the understory
(F (1.10 =1.191, p=0.301; F (1.10) = 0.950, p = 0.353,
respectively).

The richness of species of Hymenoptera parasitoids
(Figure 3) was significantly greater in the understory
than in the canopy, both on the border (F (1.10) = 6.213,
p =0.032) and in the interior of the forest (F (1.10 = 10.714,
p =0.008). A similar pattern was observed for abundance
(Figure 4) on the border (F (1.10 = 14.615, p =0.003) and
in the interior of the forest (F (1.10 = 35.732, p = 0001).
These established facts are reflected in the composition in
the sum of all parasitoids related to one vertical stratification
(Figure 5). Eight families (Aphelinidae, Braconidae,
Ceraphronidae, Chalcididae, Mymaridae, Scelionidae,
Torymidae and Trichogrammatidae) were associated with
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Figure 2. Schematic map of the trails and collection locations in the forest reserve at km 41, Manaus, AM.
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Table 1. Composition and relative abundance of Hymenoptera parasitoid families as a function of the local and the arboreal
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stratum in the continuous forest reserve at km 41, Manaus, AM, from May 2004 to April 2005.

. Borders Interior
Family Total
Canopy Understory Total Canopy Understory Total
Aphelinidae 0.82 1.23 1.13 1.38 1.87 1.76 1.41
Braconidae 24.99 19.39 20.73 24.27 21.33 21.97 21.28
Ceraphronidae 2.04 248 2.38 4.69 3.47 3.73 2.98
Chalcididae 0.70 0.57 0.60 0.32 0.23 0.25 0.44
Diapriidae 17.57 16.61 16.84 243 10.67 8.87 13.32
Encyrtidae 3.15 3.36 331 5.10 3.69 4.00 3.62
Eucharitidae 0.06 0.04 0.04 0.16 0.05 0.07 0.05
Eulophidae 9.92 10.84 10.62 14.72 13.39 13.68 11.98
Eupelmidae 3.56 1.62 2.08 3.80 1.17 1.74 1.93
Eurytomidae 0.93 0.64 0.71 1.21 0.79 0.88 0.79
Evaniidae 0.06 0.24 0.20 0.00 0.18 0.14 0.17
Figitidae 0.18 1.49 1.17 0.65 2.03 1.73 1.42
Ichneumonidae 2.86 1.89 2.12 1.86 2.14 2.08 2.10
Megaspilidae 0.29 0.11 0.15 0.65 0.14 0.25 0.19
Mymaridae 13.08 16.39 15.60 16.67 15.35 15.63 15.61
Perilampidae - 0.02 0.01 0.08 0.05 0.05 0.03
Platygastridae 5.90 5.05 5.26 4.94 6.57 6.21 5.68
Pteromalidae 1.81 0.51 0.82 1.78 0.86 1.06 0.93
Scelionidae 8.17 11.17 10.45 10.36 12.29 11.87 11.08
Signiphoridae 0.88 0.77 0.80 0.32 0.74 0.65 0.73
Stephanidae 0.06 - 0.01 - - - 0.01
Torymidae 0.29 0.33 0.32 - 0.29 0.23 0.28
Trichogrammatidae 2.69 5.24 4.63 4.61 2.75 3.15 3.97
Total 1713 5442 7155 1236 4444 5680 12835
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Figure 3. Comparison of the average richness of species of
Hymenoptera parasitoids between the canopy and the un-
derstory and on the border and in the interior (500 m) in the
reserve at km 41, Manaus, AM.

the understory, while only one (Figitidae) was associated
with the canopy (Table 2).

There was an association of seven families (Braconidae,
Chalcididae, Figitidae, Mymaridae, Sceliondae, Torymidae
and Trichogrammatidae) on the border of the reserve,
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Figure 4. Comparison of the average abundance of Hyme-
noptera parasitoids between the canopy and the understory
and on the border and in the interior (500 m) in the reserve
at km 41, Manaus, AM.

while two families (Aphelinidae and Ceraphronidae)
were associated with the interior (Table 2), since the
richness and abundance of Hymenoptera were similar on
the border and in the interior. These results indicate the
less abundant Hymenoptera families are substituted in one
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or the other area (interior or border). The occurrence of
Aphelinidae and Ceraphronidae tend to indicate a presence
in the whole forest.

There was a tendency towards a reduction in the
parasitoid population with the increase in rainfall which
had a greater impact in the canopy (Figure 6).
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Figure 5. Comparison of the composition of Hymenoptera
parasitoids in the canopy and the understory. and on the
border and in the interior (500 m) in the reserve at km 41,
Manaus, AM.

The distribution of preferred hosts is one factor that
could also explain the question about the lower number of
parasitoids in the canopy. Parasitoids exploit an extensive
range of hosts and respond to the density of, and fluctuations
in them. Analysing other insects from the traps, it was
verified that the understory had the greatest number of hosts.

No differences in the composition and richness of
Hymenoptera in the interior and on the border were observed,
probably because of the forest reserve’s proximity to an
extensive area of continuous forest. Other studies have
indicated differences in the composition and richness
of Hymenoptera in the interior and on the border of
forest fragments. Vasconcelos et al. (2001) studying a
community of ants, verified that even though the effect on
species richness in a fragment extension was not observed,
evidence was found that this extension and its distance
from the forest border affected the composition of the ant
community in fragments of the Amazon region. Laranjeiro
(2003) studied the insect fauna in a mosaic of eucalyptus
plantations and nature conservation areas and verified that
the border region between the eucalyptus growths and the
forest presented the greatest number of Hymenoptera,
mainly parasitoids. He also observed that the richness
of the species decreased in the different ambiences in
the following sequence: the border, the forest, and the
eucalyptus stands. Martins (2001) found a small increase
in species diversity of Drosophila Fallén (Diptera) on the
border in relation to in the inner forest.

Table 2. Association of Hymenoptera parasitoid families and their vertical and horizontal stratification in the reserve at

km 41, Manaus, AM (IV = value indicator).

Family Association v p¥
Figitidae canopy border 49.50 0.05
Stephanidae canopy border 16.70 1.00
Trichogrammatidae understory border 55.90 0.01
Chalcididae understory border 54.40 0.04
Diapriidae understory border 52.90 0.25
Torymidae understory border 50.00 0.03
Signiphoridae understory border 44.70 0.10
Mymaridae understory border 44.50 0.01
Scelionidae understory border 42.80 0.05
Encyrtidae understory border 39.40 0.09
Evaniidae understory border 39.40 0.09
Braconidae understory border 38.60 0.01
Ichneumonidae understory border 38.10 0.20
Eupelmidae understory border 35.50 0.14
Eurytomidae understory border 34.70 0.67
Megaspilidae inner forest canopy 26.70 0.60
Aphelinidae inner forest understory 45.90 0.05
Ceraphronidae inner forest understory 40.30 0.05
Platygastridae inner forest understory 40.10 0.06
Eulophidae inner forest understory 38.70 0.06
Pteromalidae inner forest understory 31.90 0.50
Perilampidae inner forest understory 16.70 0.88
Eucharitidae inner forest understory 9.50 1.00

*Bold significant p (Monte Carlo a 0.05).
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Figure 6. Temporal variations of the abundance of Hymenoptera parasitoids in the canopy and the understory and on the
border and in the interior (500 m) in the reserve at km 41, Manaus, AM.
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