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Abstract The advance of agricultural frontier may cause

the Cerrado (Brazilian savanna) to disappear before 2030.

This work focuses on measuring the impact of pasture

implantation on a cerrado’s termite fauna. Termites were

sampled in a cerrado sensu stricto and a pasture, originally

cerrado. All species were classified as their feeder group,

accumulation curves were made and Shannon-Wiener

indexes and b diversity were calculated for both areas.

Cerrado was richer than pasture and species composition

differed considerably, leading b diversity to a high value.

The humivorous was the most representative species, fol-

lowed by grass/litter feeders, xylophagous and, less

representative, the intermediates. There were more

xylophagous and intermediates species on cerrado than in

pasture; the grass/litter feeders were more abundant in

pasture, but didn’t differed in number or species; and

humivorous didn’t differed neither in richness nor in

abundance. This work shows that the simplification of the

habitat is indeed causing the extinction of populations that

depend on some specifics resource.

Keywords Termites � Cerrado � Habitat Simplification �
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Introduction

Natural habitat simplification is resulting in the extinction

of many populations of animal species, causing serious

conservation problems on Brazilian landscapes (Benito

et al. 2004; Klink and Machado 2005). Brazil have a great

concentration of the diversity of life on Earth (Lovejoy

2005) and Cerrado (Brazilian savanna) is the second major

biome of this country, occupying 21% of it’s land area

(Klink and Machado 2005). The Cerrado is the richest

tropical savanna in the world (da Silva and Bates 2002) and

part of the world’s 25 biodiversity hotspots (Myers et al.

2000).

Since 1950, a substantial change in landscape usage in

Cerrado could be observed. The mechanization of Brazilian

agriculture, the construction of highways in Central Brazil,

new fertilization techniques and low land prices made

Cerrado a big agriculture frontier, increasing human’s

impact on this biome (Cavalcanti and Joly 2002). Because

of the fast advance of the agricultural frontier occurring in

Cerrado’s region, this biome is the most affected by habitat

simplification in Brazil (Alho and Martins 1995; Henriques

2003), remaining only 20% of its original area with little

disturb, and only 1.2% out of which lies on protected areas

(Brasil 2002; Goiás 2002).
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Machado et al. (2004) calculated that 54.9% of Cerra-

do’s entire area has been completely deforested and

showed that with a population growth rate of 2.5% per year

and assuming deforestation’s rate of 1.1% per year, the

human population will duplicate in 25 years and the Cer-

rado will disappear before 2030. In a more pessimistic

view, with the agricultural expansion rate of 3%, Cerrado

will not exist in 2015 (Cunha 2006; Henriques 2003).

Concerning to this alarming scene, it is important to

mention the necessity to study human’s impacts on envi-

ronments; and select organisms with some characteristics,

such as dominance, richness and sensibility to stress, is the

key to the success of an impact assessment (Dale and

Beyeler 2001). Considering its relative abundance and

influence in the related biota, the termites can be classified

as dominant organisms by Wilson’s (1992) definition.

The termites are one of the most abundant soil inver-

tebrate in tropical ecosystems (Benito et al. 2004; Wilson

1971) and have key roles in the formation of the soil,

aeration and the nutrient circulation process (Bandeira and

Vasconcellos 2004; Higashi and Abe 1997), physically

changing the environment and regulating the resources to

other species–which leads many authors to classify ter-

mites as ecosystem engineers (Black and Okwakol 1997;

Costa 2005; Didhan et al. 1996).

Some data from literature regarding the influence of

habitat simplification such as deforestation and pasture

implantation in termite fauna, indicates that this interfer-

ence by human in nature can be responsible for the

extinction of many local populations (Bandeira 1989;

Brandão and Fernandes de Souza 1998) and the transfor-

mation of some species in economically interesting pests

(Bandeira and Vasconcellos 2004; Constantino 2000; Gallo

et al. 1978).

This work aimed to measure the change in diversity and

estimate the change in functional roles of pasture implan-

tation on the Cerrado termite fauna in Central Brazil. To

reach this, we have studied two termite assemblages, one in

a pasture area originally covered by natural cerrado sensu

stricto and other in an adjacent pristine cerrado area. We

hypothesized that the habitat modification in cerrado sensu

stricto leads to significant changes in the structure of ter-

mite assemblages.

Material and methods

Study area

The Parque Estadual da Serra de Jaraguá (State Park),

located in the city of Jaraguá, Goiás, Brazil (15�4601700S,

49�2101100W) have an area of 2,862.28 ha. The surround-

ings of the Park are occupied by rural properties, mostly

cattle farms. The altered landscape of the surroundings is

contrasted by that inside the Park, whose vegetation is still

quite preserved. Thus it is common to find natural vege-

tation dividing its border with pastures of the neighboring

farms (Agência Ambiental de Goiás 2004).

The Park vegetation, on its interfluvial portions, is

formed by a cerrado sensu lato, whose physiognomies

range from a dense cerrado sensu stricto to campos sujos

(Eiten 1994). Some forest is present along the borders of

water courses.

Termite sampling

Termites were sampled in two areas:

1. Cerrado sensu stricto: inside the Park, composed by

sparse trees (e.g. Qualea spp. and Byrsonima spp.) and

shrubs (e.g. Eugenia angustissima and Pteranda

pyroidea) and a high ground cover of forbs (e.g.

Dyckia sp. and Trimezia juncifolia) and native grasses

(e.g. Aristida spp. and Sporobolus cubensis).

2. Pasture: adjacent to the Park, next to the first area, with

a 7-years-old cultivated Brachiaria brizantha Stapf.

(Poaceae); the pasture was originally covered by

cerrado and was cleared and turned into pasture from

approximate 50 years.

We used Brandão and Fernandes de Souza (1998) pro-

tocol, modified with some ideas of that used by Jones and

Eggleton’s (2000): In each area we made one linear tran-

sect with 10 quadrats of 5 9 2 m and far 30 m to the next

one; all quadrats with at least 50 m from the area’s border.

The quadrats were carefully searched for termites in epi-

geous nests, soil surface, litter, plant stalks and fallen

branches. After the exam, 20 cm-deep trenches were made

in order to detect termite presence in the subsoil. All the

process was made by two collectors, during 30 min per

quadrat.

Some precautions were taken to reduce the probability

of collecting more than one sample of the same colony. We

adopted the protocol proposed by (Brandão and Fernandes

de Souza 1998): the utilization of small quadrats; far away

from one another; and whenever individuals from the same

species were collected in the same quadrat, they were

considered only one encounter, being part of the same

colony, in order to avoid an over estimative of colonies

abundance (number of encounters).

Samples of all colonies found were collected manually

and stored in 70% alcohol; at the laboratory, samples were

identified to species or morphospecies using identifications

keys, notes or species or genus revisions (Cancello 1989;

Constantino 1995, 1998, 1999, 2000; Constantino et al.

2006; Ferraz 2000; Krishna and Araujo 1968; Mathews

1977) and comparisons with the Termitological Collection
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from Universidade Federal de Goiás (UFG). The samples

of all species were stored in this same collection.

Using field observation and literature information

(Bandeira 1989; Brandão and Fernandes de Souza 1998;

Constantino 1999; Cunha 2006; Espı́rito-Santo Filho 2005;

Medeiros 1999), the species and morphospecies were

classified in four functional groups (feeder groups):

humivorous, those that feed on humus and organic matter

on soil; xylophagous, wood eaters species; grass/litter

feeders, those that forage on surface and feed on litter and/

or grass; and intermediates, those that feed of organic

matter in high decomposed state or do not fit within any of

the other groups.

Data analysis

Although the vast number of available diversity indexes

and the many critics about its utilization (Magurran 2004;

Cunha 2006), this work uses Shannon-Wiener diversity (H)

index due to the existence of similar works that used it,

furthering discussion and comparison. The diversity

indexes combine richness and abundance of populations,

been used to compare two or more communities. The

Shannon-Wiener index, specifically, equalizes all species,

expressing a relative evenness measure, independent from

sample size (Peet 1974). Further, we used the Shannon

evenness (J0 = H/Hmax) measure to provide a separate

evenness measure (Magurran 2004).

To infer if there were differences between the areas, it

was made a resampling with replacement of the difference

between richness average values (cerrado’s average minus

pasture’s average; bootstrap; n = 1000), and these were

compared to the confidence interval (95%). Comparisons

of species richness between the areas were made, also, by

visual assessment on sample-based species accumulation

curves, with overlapping 95% confidence intervals,

implemented in EstimateS (Colwell 2005).

It was also calculated beta (b) diversity, or spatial

turnover, which is the measurement of how two environ-

mental units differ about the set of species found in each

one. To describe beta diversity we calculated the Jaccard’s

index of similarity (J), which is an incidence-based metric.

Qualitative techniques, like this one, are supported by

species compositions data (presence/absence) (Marinoni

and Ganho 2006).

Results and discussion

A total of 29 termites species were found in 110 encounters

collected; from those, 46 colonies and 17 species were

found on the pasture, while 64 colonies and 21 species on

the cerrado. Shannon-Wiener’s diversity (H) and evenness

(J0) indexes were: H = 2.55 and J0 = 0.94 to the pasture

and H = 2.82 e J0 = 0.93 to cerrado (Table 1). The boot-

strap comparison analyses didn’t show significant

differences between both areas (cerrado’s average = 6.1;

pasture’s average = 4.6; IC = -2.1 to 1.9; p = 0.11;

a = 0, 05).

Looking to cerrado-pasture’s species richness relation,

the results of this work show superiority in the number of

species from cerrado. However, this superiority was not so

evident like that found by Brandão and Fernandes de Souza

(1998), which sampled the termite fauna from a cerrado

and an originally cerrado pasture, and found Shannon-

Wiener’s diversity and evenness indexes of H = 0.7 and

J0 = 0.36 to pasture and H = 2.67 and J0 = 0.87 to cer-

rado. In this way, our results are closer to those found by

Cunha (2006), which sampled cerrados, forests and pas-

tures areas from 11 cities from central Brazil, in the state of

Goiás. This author, despite stressing that her results could

have been due to a bigger sampling effort in the pastures,

did not found significant differences in richness between

these three environments.

Benito et al. (2004) found termite’s biomass and density

higher to a 9-years-old cultivated Brachiaria brizantha

pasture than to a cerrado. Those authors explain that the

soil macrofauna decayed but, after 9 years without human

interference, it was reestablished. Jaraguá’s pasture had

remained without disturbance in its land (except for the

cattle’s usage) during 7 years, thus providing enough time

for its soil macrofauna to reestablish itself. This hypothesis

could be proposed to explain the high diversity on Jarag-

uá’s pasture and the low difference to the cerrado.

However, biomass and density are measurements better

linked to abundance, what contradicts the results of this

work, because termite’s abundance in Jaraguá was con-

siderably higher in cerrado than in pasture (Table 1).

Another point to be raised is that our study estimated

abundance through colony number, does not taking into

account differences of colony size, and Benito et al. (2004)

used the number of individuals, to calculate species density

(i.e., if bigger colonies were found in the Jaraguá’s pasture,

for example, both areas could have equal abundance of

individuals). Studies aiming to compare the abundance of

individuals should be done in future, in Jaraguá.

Analyzing the species accumulation curves of both areas

(Fig. 1), they corroborate the results from diversity

indexes, with cerrado richer than pasture. Neither cerrado’s

nor pasture’s curves show no signs that it will reach a

plateau, although the rate of increase of species for the

pasture is lower than for the cerrado. Some studies with

termites, that utilizes this kind of graphics to richness

comparisons, obtained similar curves to these of the present

work, showing the difficult that it is to obtain the stabil-

ization of this kind of curve when working with termites in
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a place with a high diversity of this animals, like the

Neotropical Region (Bandeira 1989 and Constantino 1992,

to Amazon; Cunha 2006, to the Cerrado; and Espı́rito-

Santo Filho 2005 and Reis and Cancello 2007 to Atlantic

Forest).

Species composition differed considerably between the

studied areas: were found 12 species exclusively from

cerrado, eight exclusively from pasture and only nine were

found in both areas, what resulted in a high value of b
diversity (J - 1 = 0,69). This refers to the problem raised

by Brandão and Fernandes de Souza (1998) and Bandeira

(1989), about the extinction of populations sensible to

habitat simplification. However, we should not forget the

eight species exclusively, and the two-ones considerable

more abundant, from pasture, what lead us to another

problem: the creation of favorable environments to some

species, what could push them to new regions where they

would become pests.

The most representative feeder group, considering both

areas, were the humivorous, with 14 species (Agnathoter-

mes sp., Anoplotermes spp., Aparatermes sp., Grigiotermes

spp., Labiotermes emersoni, Tetimatermes sp.); followed

by grass/litter feeders, with 6 species (Cornitermes snyderi,

Parvitermes bacchanalis, Procornitermes araujoi, Ruptit-

ermes sp., Syntermes nanus e Velocitermes heteropterus);

xylophagous, with 5 (Amitermes sp., Coptotermes sp.,

Heterotermes tenuis, Nasutitermes spp.) and intermediate,

with 4 species (Armitermes euamignathus, Embiratermes

festivellus, Neocapritermes araguaia, Termes sp.). There

were no variations in richness nor in frequency of

Table 1 List of termite species,

feeder group, and number of

colonies collected in cerrado

sensu stricto and pasture

plantation within the Parque

Estadual da Serra de Jaraguá

Species Feeder Group Number of Encounters

Cerrado Pasture

Agnathotermes sp. Humivorous 0 1

Amitermes sp. Xylophagous 10 2

Anoplotermes sp. 1 Humivorous 5 0

Anoplotermes sp. 2 Humivorous 2 1

Anoplotermes sp. 3 Humivorous 4 7

Anoplotermes sp. 4 Humivorous 3 0

Anoplotermes sp. 5 Humivorous 5 0

Anoplotermes sp. 6 Humivorous 0 6

Anoplotermes sp. 7 Humivorous 0 3

Anoplotermes sp. 8 Humivorous 0 1

Aparatermes sp. Humivorous 1 1

Armitermes euamignathus Silvestri Intermediate 2 1

Coptotermes sp. Xylophagous 1 0

Cornitermes snyderi Emerson Grass/litter feeders 3 2

Embiratermes festivellus Silvestri Intermediate 3 0

Grigiotermes sp. 1 Humivorous 0 2

Grigiotermes sp. 2 Humivorous 0 1

Heterotermes tenuis Hagen Xylophagous 1 0

Labiotermes emersoni (Araujo) Humivorous 2 1

Nasutitermes sp. 1 Xylophagous 4 1

Nasutitermes sp. 2 Xylophagous 5 0

Neocapritermes araguaia Krishna & Araujo Intermediate 2 0

Parvitermes bacchanalis Mathews Grass/litter feeders 1 0

Procornitermes araujoi Emerson Grass/litter feeders 0 4

Ruptitermes sp. Grass/litter feeders 1 6

Syntermes nanus Constantino Grass/litter feeders 0 6

Termes sp. Intermediate 3 0

Tetimatermes sp. Humivorous 1 0

Velocitermes heteropterus Silvestri Grass/litter feeders 5 0

Total 64 46

Diversity (H) 2.82 2.55

Evenness (J0) 0.93 0.94
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encounter of humivorous between the areas; xylophagous

and intermediates were richer and more abundant in cer-

rado; and grass/litter feeders didn’t show variation in

richness, but was considerable more abundant in the pas-

ture than in cerrado (Table 2).

Intermediates and xylophagous groups were the most

influenced by pasture implantation in Jaraguá; their abun-

dance and richness was considerably reduced in the

anthropic environment. The major reason for the impact on

these termites’ assemblages is the fact that the pasture is a

simpler environment, without, or with considerably less,

trees and bushes and consequently, also less wood as food.

Brandão and Fernandes de Souza (1998) observed similar

decrease in the species number of all feeder groups

(including humivourous), and in the frequency of encoun-

ter of xylophagous and humivorous in pasture.

In pasture, on the way against intermediates and

xylophagous, grass/litter feeders was considerably more

abundant, because the large supply of food to this group.

Despite number of grass/litter feeders’ species did not

differ between cerrado and pasture, the composition of the

species did. While Velocitermes heteropterus and Parvit-

ermes bacchanalis were found only in cerrado;

Procornitermes araujoi and Syntermes nanus were found

only in pasture, and Ruptitermes sp. was considerable more

abundant in this environment. This should happen, proba-

bly, because the species found in pasture are more

generalists and tolerant to disturbance: in exception from

Ruptitermes sp., all grass/litter feeders found in pasture are

known to be agricultural pests (Constantino 2002; Miranda

et al. 2004).

The higher number of humivorous species found in this

work corroborates the results obtained by Cunha (2006),

which found termites assemblages dominated by humiv-

orous species in the majority of the 11 cities where she

realized her work. Those results were expected, since more

than 50% from the Neotropical Region’s genera have this

kind of alimentary habit (Noirot 1992).

Despite the fact that several authors (Bandeira et al.

2003; Brandão and Fernandes de Souza 1998; De Souza

and Brown 1994; Eggleton et al. 1995; Espı́rito-Santo Filho

2005; Mathews 1977) suggest the humivorous termites to

be sensitive to restrictions, such as fluctuations in climate

and changes in the environment, being considered the most

influenced by environmental disturbances, this group was

the most abundant and rich in pasture, being more abun-

dant and richer even than the cerrado. This occurred

because of the richness and abundance of Apicotermitinae

subfamily, which may be present in large quantity in this

environment because the pasture is relatively old, having

time to reestablish their colonies, as suggested by Benito

et al. (2004). Humivorous termite’s genera from this sub-

family that were sampled on pasture (Anoplotermes,

Aparatermes e Grigiotermes) represent almost 50% from

the total number of colonies of this environment. Although

identifications made by Benito et al. (2004) does not go to

infra-order levels, they commented that has find, in the

cerrado, a major number of taxonomic groups with sol-

diers, while, in the pasture, they observed populations

principally compounded by workers, leading us to believe

that the pasture community was compounded by many

species of the Apicotermitinae subfamily, each one, in

Neotropical’s fauna, does not have the soldier caste.

To conclude, it is important to remember that today,

with the global demand for energy fonts, alternative to
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Table 2 Numbers and percentages of encounters and species from

each feeder group in a cerrado and pasture areas

Cerrado Pasture Total

Hu

Spp. 8 (38%) 10 (59%) 14

Enc. 23 (36%) 24 (52%) 47

Gr/Li

Spp. 4 (19%) 4 (23%) 6

Enc. 10 (15.5%) 18 (39%) 28

Xy

Spp. 5 (24%) 2 (12%) 5

Enc. 21 (33%) 3 (7%) 24

In

Spp. 4 (19%) 1 (6%) 4

Enc. 10 (15.5%) 1 (2%) 11

Total

Spp. 21 17 29

Enc. 64 46 110

Hu Humivorous; Xy Xylophagous; In Intermediate; Gr/Li Grass/litter

feeders; spp. number of species; Enc. number of encounters
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those derived from petroleum, native ecosystems are being

converted also into biofuel crops (Scharlemann and Lau-

rance 2008). Independent of all the debate concerning the

goodness or evenness of these ‘‘ecological fuels’’ (Fargione

et al. 2008; Righelato and Spracklen 2007; Scharlemann

and Laurance 2008; Tilman et al. 2006), meeting the

demand for both food and biofuels is raising concerns

about biodiversity loss (Tilman et al. 2006). In Brazil, the

sugarcane (to produce ethanol biofuel) and soy crops,

summed to the pastures are the biggest responsible for land

clearing in the extant native ecosystems and, because of the

international interests on Amazonia forests, the Brazilian

politics are forced to incentive this kind of usage in

Cerrado instead of in the rainforest. The Cerrado’s con-

servation is a challenge from both scientific and political

viewpoints. Because important financial and political

interests are involved in the destruction of the Cerrado,

scientists and conservationists must be creative in gather-

ing and synthesizing the best and most complete

information possible to generate a viable strategy to insure

conservation of the world’s richest tropical savanna (Da

Silva and Bates 2002). This study and previous results

emphasizes that maintaining natural areas of Cerrado is

very important to protect sensitive species that occurs only

in preserved areas and, consequently, this biome’s

biodiversity.
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