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besides merely providing a species list, was to compare 
these two environments and understand how important 
they can be for ecological and taxonomic studies in the 
future. Our main hypothesis is that the ghost forest has 
a distinct species composition when compared to the 
adjacent forest, favoring the emergence of species that 
are too rare to be easily sampled in terra firme forests. We 
found a strong change in species abundance distribution, 
with some rare species becoming more common as 
predicted. We also showed that the species composition 
is easily distinguishable between the terra firme and the 
ghost forest. Finally we provide the first list of species of 
termites in the area from a standardized survey.

Materials and Methods
The study was performed in the Balbina Hydroelectric 

Plant (UHB) located in Presidente Figueiredo, central 
Amazonia (Figure 1). The original vegetation is 
characteristic of terra firme forest, not subject to 
periodical flooding. The reservoir has a flooding area of 
approximately 1,000,000 ha and in the shallow waters, 
close to islands and the mainland, the dead trees form 
an area called the ghost forest in which tree trunks still 
appear above the water surface. This region provides an 
important source of food for termites and virtually all 
trees are colonized by wood-feeder termites. We sampled 
termites both in the terra firme forest that surrounds 
the lake and in the trees in the lake (from 01°25’40” S, 
59°32’40.2” W to 01°50’47.3” S, 59°37’16.1” W).

Termites were sampled in five distinct areas at least 
1 km away from one another in the ghost forest and in 
adjacent transects in the neighboring terra firme forest. 
Inside the lake, the termites were sampled in the tree 

Introduction
Termites are among the most important organisms 

in tropical forests promoting the physical and chemical 
modification of the soil and are linked to the improvement 
of soil drainage and aeration (Wood 1988). Despite their 
importance, there are few researchers working with 
termites and, consequently, a lack of studies on this group. 
For example, while the Check List Journal has provided 
valuable species records for many taxonomical groups, a 
search for an exclusive termite species list (access in May 
2012) provides no results. The list of species of ants by 
Riera-Valera et al. (2009) is the only one that also includes 
termites. While species description and lists can be more 
easily found in other sources (such as Google Scholar and 
Scopus), the underrepresentation of termites in general is 
evident. 

The Balbina Hydroelectric dam was built in the 
1980s flooding about 300,000 ha of land and causing 
considerable devastation. In spite of the large change in 
the species composition and biological dynamics in this 
area, the remaining dead trees have provided a new source 
of food for termites in an area usually called ghost forest in 
hydroelectric flooding. While in the primary forest some 
species are rare or can be excluded from many areas by 
competition with others for resources, or by not finding 
the ideal conditions to survive (Ter Braak and Colin 1988),  
these species can be predominant and detected easily in 
disturbed regions, such as in urban areas (Fontes 1995). 

The creation of such a large area as the UHB flooding, 
with exposed dry wood in the middle of the Amazonia, 
promoted a new environment that favored wood-feeder 
species making it possible for rare species to become more 
common and more easily detectable. The aim of this study, 

Abstract: Termites are among the most important groups to maintain tropical forests but despite their importance they 
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(UHB). The trunks are in the water and just partially submersed without contact with the mainland. We compared the 
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Figure 1. Localization of the Balbina Hydroelectric plant and the sampling points in the ghost forest. The green area represents the terra firme forests 
and the red dots represent the sampling areas. The terra firme sampling plots are not represented but are in the same areas as the five ghost forest 
samples.

trunks above the water level. To refine our description 
of species composition in the ghost forest, which was the 
main purpose of this study, we performed three additional 
transects in this area. 

The lake transects included trunks in a range of 500m 
x 30m and the sampling area was delimited using a GPS 
device with a minimum precision of 3m. The sampling 
started 30 meters away from the margins to avoid the 
sampling on those trees that eventually have contact with 
the terra firme forest due to variations in the water level. 
The mainland transects were 100m long and 2m wide and 
the termites were sampled in five 5x2m subsamples 20m  
equidistant from one another , following a modification 
of the original Jones and Eggleton’s transect (Jones and 
Eggleton 2000). Termites were sampled manually by 
three people for 20 minutes in each subsample in the 
terra firme forest and in all trunks in the ghost forest. The 
samples were taken in September 2010 in the ghost forest 
and in November in the terra firme forest. Differences in 
the methods for terra firme and ghost forest are due to 
different density of nests as they are much more densely 
distributed in the terra firme forest.

The termite identification was carried out following 
Constantino (1999) at the generic level and by comparing 
the specimens with material in the Invertebrate collection 
of the National Institute of Amazonian Research (INPA) and 
by comparing the specimens with species descriptions. 
All collected termites are deposited in the Invertebrate 
collection of INPA. Species were assigned to feeding guilds 
based on morphological and nesting traits previously 
described (see Table 1; Mathews 1977; Constantino 1999).

We recorded the number of species in each transect 
and compared the terra firme and ghost forests in this 
respect. Based on the ratio of unique specimens and 
duplicates in each sample we used the Chao-2 estimator 
of species richness (Chao 1987) to estimate the extent to 
which species richness is underestimated. 

To determine if the plots in each area had a distinct and 
estimated number of species, we performed a Wilcoxon 
signed-rank test comparing the two groups of samples 

(terra firme and ghost forest).
To compare the species composition in the areas 

(using transects as units) we performed the same test 
using as a measure the ordination scores of the first axis 
of the Principal Component Analysis (PCoA) by means of 
the Jaccard Similarity index. In this test, we were able to 
evaluate if the species composition is distinct between the 
two areas and if, using only the species composition, we 
would be able to predict whether the area is a terra firme 
or ghost forest transect.

All analyses were performed in R program version 2.12 
(R Development Core Team, 2010).

Results and Discussion
In a total of 192 colonies surveyed in the ghost forest 

and 79 nests in the terra firme forest, we found a total of 
26 species – 16 in the terra firme forest and 16 in the ghost 
forest (Table 1; Figure 2). We found a surprisingly high 
number of species in the ghost forest, including species 
that are too rare to be detected in most surveys in terra 
firme forests, as species from Rugitermes and Gliptotermes 
genus (not detected by Apolinário and Martius 2004; 
Ackerman et al. 2009 and Barros et al. 2002, for example). 
However, the overall number of species recorded in the 
terra firme forest was lower than the estimated for both 
areas (17 and 22, respectively) and far lower than detected 
in many previous studies in Central Amazonia (Martius et 
al. 1996; Davies et al. 2003; Ackerman et al. 2009). This 
is due to two main reasons. First, the sampled area was 
smaller than in most studies and our intention here was 
not to intensively sample in the terra firme forest, but to 
compare against the ghost forest species composition. 
Second, all the sample areas in the terra firme forest are in 
the same altitudinal level because the areas are all at the 
same distance from the margin of the lake. We have found, 
in other areas in central Amazonia, that the turnover of 
species is associated with the altitudinal gradient (data 
not published) because many environmental conditions 
that cause species turnover (Davies et al. 2003; Roisin and 
Leponce 2004) are associated to elevation (Magnusson et 
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al. 2005) and, consequently, the species composition tend 
to be similar in the same isoclines. Moreover, the effects 
of the fragmentation due to flooding must be affecting 
the surrounding forest, reducing the number of species 
that can be found close to the margins and increasing the 
similarities between all portions. It is worth noting, in this 
respect, that we could not find humus feeders in the terra 
firme forest and this group is likely to be more affected by 
fragmentation processes (Davies 2002).

 The richness per plot, comparing the local plots, was 
higher in the terra firme areathan in the ghost forest  
(W=41; d.f.=10.825; P=0.01). Compared to the surrounding 
terra firme forest, the total number of species were the 
same, but the ghost forest areas tend to be less rich in the 
per plot comparison. Moreover, in the ghost forest, the 
identity of species tend to change more from one area to 
another (high turnover) while in the terra firme forest 
almost all found species tend to be present in all plots 
(low turnover). Finally, the number of colonies found in 
the ghost forest (192) was much higher than in the terra 
firme forest (79) because it is much easier to sample and 
find termites in the ghost forest, but the density of nests is 
much lower.

The most common species in the terra firme forest were 
Syntermes molestus (Burmeister, 1839) and Nasutitermes 
sp. 7, which we were not able to recognize among the 
Nasutitermes species inhabiting Central Amazonia. Many 
species were found in both areas, mainly of the Nasutitermes 
genus, including N. sp. 7, but the most common species in 
the ghost forest was Termes hispaniolae (Banks, 1918) 
followed by Coptotermes testaceus (Linnaeus, 1758) 
(Table 1; Figure 2). In general, the species composition 
was clearly distinct between the areas (W=45; d.f.=8.98; 
P<0.001; Figure 2). Our method, as any other, is not able 
to capture all species present in the terra firme forest 
due to the lower probability of detection of some species 
(MacKenzie 2005). Besides the clear differences between 
the habitats and we expect, with a higher sampling effort, 
that all species found in the ghost forest could be found 
in the terra firme forest, because the species in the ghost 
forest are a subset of the original species that lived in these 
areas, or came from the terra firme forest in a posterior 
colonization process.

In agreement with all differences in species richness, 
we detected a higher turnover of species in the ghost forest 
than in the terra firme forest. One surprising find of our 
study was that a degraded area, such as the ghost forest, at 
the same time that is an unsuitable environment for most 
species, may turn out to be an important tool for finding 

new wood-feeder species for the region since it is easy to 
detect very rare species. Moreover, this region can be an 
important area to study ecological dynamics because it is 
possible to detect all individuals in a biological community 
with almost 100% of certainty in a huge area absent 
of main predators (such as predator ants) and highly 
dependent on dispersion. Future studies carried out by 
taxonomists could also increase the number of known 
species for the region by providing the description of new 
species or broadening the range of distribution for many 
species additionally to those we were able to identify and 
list here. For example, most of the Nasutitermes species did 
not match any species found in this portion of Amazonia 
and/or already described species. More than provide a 
list of species, we extended the range of distribution of all 
species identified here to this area in central Amazonia 
and showed that some species have a higher potential of 
being found in open areas. This information can be used 
in the future to predict species distribution and potential 
species that can survive in open areas.

Table 1 shows a list of all species, the location, and 
the feeding groups. All species in the ghost forest were 
wood-feeders and, in terra firme areas, the wood-feeders 
were the most common group but other groups were also 
sampled.

Figure 2. Species distribution in the ghost and terra firme forests. The 
red and black squares represent the presence of a species in a ghost 
or terra firme forest transect respectively. The transects were ordered 
using the Jaccard similarity index in the PCoA analysis without previous 
separation of ghost and terra firme forest. 
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Table 1. Termite species abundance and trophic group from the ghost forest and terra firme transects in the Balbina Hidroeletric Plant (UHB), 
Presidente Figueiredo, Brazil. Wood feeders: feed preferentially on dry wood; intermediate: feed on material between wood and humus or partially 
decayed wood; leaf-litter: feed preferentially on leaves and small branches. We didn’t found humus feeders.  
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SPECIES GHOST FOREST TERRA FIRME FOREST TROPHIC GROUP
Amitermes excellens Silvestri 2 Intermediate
Armitermes peruanus Holmgren 1 Intermediate
Coptotermes testaceus (Linnaeus) 22 Intermediate
Cylindrotermes parvignathus Emerson 2 Wood-feeders
Embiratermes neotenicus (Holmgren) 2 Wood-feeders
Glyptotermes sp. 1 1 Wood-feeders
Heterotermes tenuis (Hagen) 4 Wood-feeders
Nasutitermes banksi Emerson 2 Wood-feeders
Nasutitermes callimorphus Mathews 1 Wood-feeders
Nasutitermes corniger (Motshulsky) 1 Wood-feeders
Nasutitermes macrocephalus (Silvestri) 11 Wood-feeders
Nasutitermes sp. 1 15 2 Wood-feeders
Nasutitermes sp. 2 5 5 Wood-feeders
Nasutitermes sp. 3 2 Wood-feeders
Nasutitermes sp. 4 1 Wood-feeders
Nasutitermes sp. 5 7 Wood-feeders
Nasutitermes sp. 6 4 17 Wood-feeders
Nasutitermes sp. 7 75 17 Wood-feeders
Nasutitermes surinamensis (Holmgren) 1 4 Wood-feeders
Neocapritermes angusticeps (Emerson) 2 Intermediate
Neocapritermes araguaia Krishna & Araujo 1 Intermediate
Neocapritermes braziliensis (Snyder) 5 Intermediate
Rugitermes sp. 1 2 Wood-feeders
Syntermes molestus (Burmeister) 10 Leaf Litter-feeders
Termes fatalis Linnaeus 1 3 Intermediate
Termes hispaniolae (Banksi) 43 Intermediate
Total 192 79  


