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Abstract In Brazil, only limestone caves and a few caves in sandstone, iron ore and

granite rocks had their invertebrate communities evaluated. Being such, the present study

aimed to promote a comparative analysis of the structure of the invertebrate communities

in caves associated to carbonatic, magmatic, siliciclastic and ferruginous rocks of the

Brazilian Atlantic forest. Significant differences in the relative richness, abundance and

diversity were observed between lithologies. The average relative richness was higher in

the ferruginous caves (0.53 spp). The total number of troglomorphic species was signifi-

cantly different among caves and the highest average richness occurred at ferruginous

caves (5.79 spp/cave). Siliciclastic, carbonatic and magmatic caves presented a higher

quantitative similarity of the fauna. Ferruginous caves revealed communities with a fauna

composition different from the other lithologies. The total richness of invertebrates cor-

related significantly and positively with the linear development in the siliciclastic caves

(Rs = 0.67, P \ 0.05), carbonatic (Rs = 0.71, P \ 0.05) and ferruginous (Rs = 0.74,

P \ 0.05). The rock type in which the cave is inserted can determine differences in the

richness of invertebrate troglophyles and troglobites. Therefore, on creating value attri-

butes, the size of the caves should always come related to their lithology by the fact that

same sized caves associated to different lithologies, possess communities with quite

diverse structures.
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Introduction

The Brazilian Atlantic forest is one of the most threatened ecosystems on the planet mainly

by the fact of more than 90% of its original area has been deforested and used for human

activities (mining, pasture, agriculture, cities, etc.). More than 100 million people live in

more than 300 cities that depend and exploite the components and environmental services

of this biome (Morrelato and Haddad 2000). The degradation of the Brazilian Atlantic

forest is one of the most alarming world conservationist problems, due to the consequent

elimination of many populations and the potential erosion of the genetic diversity of many

species (Terborgh 1992). In this scenario, the caves of the Atlantic forest are also sus-

ceptible to the same threats, since karst environments are extremely vulnerable to degra-

dation and pollution, and the human activities in these places can generate impacts in the

surface and underground ecosystems (Ford 2007; Van Beynen and Townsend 2005; Calo

and Parise 2006).

Caves are subterranean environments inserted in rocky reliefs that present a wide

diversity of habitats and shelter rich vertebrate fauna and micro and meso invertebrates

(Culver and Sket 2000; Ferreira and Martins 2001; Ferreira 2005; Culver and Pipan 2009).

Organisms that live in the subterranean environments can be accidental or use the caves as

nighttime or daytime (trogloxene) shelters. They could also complete their whole life cycle

inside or outside the caves (troglophilic). However, some species do not occur in epigean

habitats, presenting behavioral, morphological and physiological specializations for

exclusive survival within caves (troglobites). Frequently in these organisms there is the

reduction of the ocular structures, depigmentation and the elongation of sensorial

appendages (Desutter-Grandcolas 1997; Culver 2001; Christiansen 2005; Culver and Pipan

2009).

Most of the caves in the world are located in carbonatic rocks (limestones and dol-

omites), the most favorable to the dissolution process. The occurrence of caves in quartzite,

sandstone, iron ore, granite, gneiss, micaschist, phyllite and even in soil are also registered,

although on a smaller scale than in the carbonatic (Gillieson 1998; Ford 2007). In Brazil

only 3,500 carbonatic caves are officially known. Furthermore, in the country are also

known 1,000 ferruginous caves, 200 quartzite caves, 200 arenitic caves and 100 caves in

other types of rocks (Auler 2006).

Most studies concerning cave fauna in Brazil and in the world have been carried out in

limestone caves (Sharratt et al. 2000; Trajano 2000; Gunn 2005; Culver and Pipan 2009).

Even knowning of the existence of cavities in non-carbonatic rocks in Brazil and in the

world, their dimensions, in general reduced, has lead to a historical ‘‘indifference’’ and few

speleolobiological studies have been conducted, with the exception of lava tubes, inten-

sively studied in many parts of the world (Oromı́ et al. 1990; Culver et al. 2000; Howarth

2004; Deharveng 2005). In spite of this, a few caves in sandstone, iron ore and granite have

had their invertebrate communities evaluated (Trajano and Moreira 1991; Gnaspini-Neto

and Trajano 1994; Sharratt et al. 2000; Ferreira 2005).

Cavities associated to different lithological types frequently possess completely dif-

ferentiated genesis (Ford and Williams 2007). Besides, the compaction level (or, on the

other hand, discontinuity) of a rock defines different configurations and even dimensions

for the subterranean environments of smaller volume (micro- and meso-caverns and their
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contact with the soil-MSS and epikarst), conected to the macro-caves (Juberthie and Decu

1998; Brancelj 2005; Culver and Pipan 2009).

Although those differences in the rock structure have been known for decades, some

authors had assumed that the type of rock would not determine differences in the cave

communities (Gnaspini-Neto and Trajano 1994). In that case, the differences observed

would be only the product of biogeographical variations, being not related to the lithology

of the cave, at least for Brazilian caves (Gnaspini-Neto and Trajano 1994).

However, understanding the environmental and community particularities associated to

the different cave lithologies, is crucial to preserve the cave communities in a country with

a megabiodiversity. It is not actually possible to propose cave preservation actions if we do

not know the influence of the rock matrix variations upon the composition and structure of

the subterranean communities. As such, the present work has as its main objective, to

promote a comparative analysis of the abundance, richness, diversity and similarity of the

invertebrate cave fauna in different lithologies in the Brazilian Atlantic forest.

Methodology

Study area

The study was conducted in a total of 91 caves: granite (34%), iron ore (19%), limestone

(14%), quartzite (14%), sandstone (8%), calcarenite (4), marble (2%), gneiss (2%) and

conglomerate (2%), all of them within the domain of the Brazilian Atlantic Rain Forest

(Table 1 and Fig. 1). For purposes of analysis, such caves were grouped in four lithological

groups, that encompased carbonatic caves (limestone, marble, calcarenite and conglom-

erated carbonatic), magmatic (and derived metamorphic—granite and gneiss), siliciclastic

(quartzite and sandstone) and ferruginous (iron ore: caprock ‘‘canga’’, itabirite and

hematite). The average length of the caves associated to each group was variable. The

siliciclastic caves possessed an average length of 240 m, the carbonatic 200 m, the mag-

matic 53.5 m and the ferruginous 34 m (Table 1). The average altitude was 1,404.6 m for

ferruginous caves, 1,080.8 m for the siliciclastic, 508.7 m for the magmatic and 269.1 m

for the carbonatic.

Procedures

All the invertebrates species found on each cave had some of their specimens collected.

The organisms observed during the collections were counted and plotted on schematic

maps of each cave, according to the methodology proposed by Ferreira (2004). Extensive

visual searching and manual collections were made with the aid of tweezers, brushes and

entomological nets. All microhabitats such as vegetable debris, guano deposits, spaces

under stones and humid places were inspected (Sharratt et al. 2000). In the water collec-

tions, flowing or still, the organisms were collected with the aid of tweezers and hand nets.

The collection team was always composed by five biologists (always the same team) with

experience in caving and manual collection of invertebrates.

Pitfall traps with bait were not used to determine taxon abundances because trapping

was not considered an appropriate census technique. Pitfall trapping is notorious for

causing population disturbances in caves (Weinstein and Slaney 1995; Sharratt et al. 2000).

For invertebrate faunal survey, direct searching is very effective, but is dependent on the

presence of a surveyor with previous experience (Weinstein and Slaney 1995).
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aú
n

as
3

9
5

4
5

2
7

9
7

7
4

3
0

2
4

E
S

M
a2

1
4

1
1

4
9

9
0

2
9

2
.2

8
4

0
.1

2
5

0
.5

8
7

0
.1

2
0

2
2

.0
2

2
0

.0
0
6

G
ru

ta
d

o
R

io
S

u
aç
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In the laboratory all of the organisms were identified to the best possible taxonomic

level and grouped in morphospecies according to the field references (Oliver and Beattie

1996; Sharratt et al. 2000). The general abundance of each species was acquired through

the recounting of individuals in each schematic map.

Fig. 1 Areas of Brazilian Atlantic Forest and the caves sampled (www.conservation.org.br/). Obs: some
points represent more than one cave due to the low detail level of scale
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The determination of potentially troglobitic species was conducted through the identi-

fication of ‘‘troglomorphisms’’ in the specimens. Troglomorphisms are frequently used for

the definition of potentially troglobitic groups, since they result from evolutionary pro-

cesses occurring after the isolation of populations in caves (Desutter-Grandcolas 1997;

Culver and Pipan 2009). So, for this study, we have only considered as troglobites, those

species with obvious troglomorphic trais, usually found in the advanced troglobites.

Data analysis

To standardize the abundance, richness and diversity values used in the analyses, they were

relativized in function of the linear development and horizontal extension of the entrances

of each cave ((biological variable/linear development of the cave)/
P

width of the

entrances)) (Ferreira 2004). Such procedure aimed to reduce the effect of huge caves or

huge entrances in the analysis. The diversity was calculated through the Shannon index

(Magurran 2004). To evaluate the differences among the total richness, total diversity, total

troglomorphic richness, relative abundance, relative richness and relative diversity in

relation to the lithology, the nonparametric Kruskal–Walis test was used (Zar 1984).

Beta diversity (turnover or b) was calculated using data of presence and absence,

through the index of Harrison (1992), modified by Whittaker (1960), in order to compare

samples of different sizes. bHarrison = {[(S/a) - 1]/(N - 1)}9100). Where S = total

species richness values, a = average richness values and N = number of samples. This

measure ranges from 0 (no turnover) to 100 (each sample has a unique set of species)

(Koleff et al. 2003).

For the obtaining of the quantitative similarity relationship between the caves and their

respective lithologies, a non-metric Multidimensional Scaling was used (n-MDS), built

based on the quantitative composition of the invertebrate fauna using the Jaccard index

(Magurran 2004). Spearman correlations (Rs) were used to detect possible relationships

among the richness and diversity with the linear development of the caves in the different

lithologies (Zar 1984). The program used for the analyses was PAST (Hammer et al. 2001).

Results

The highest average richness occurred in the carbonatic caves (691spp/21 caves - 32.9

species per cave) followed by the siliciclastic (518spp/20 caves - 25.9 species per cave),

the the magmatic (795spp/33 caves - 24 species per cave) and ferruginous (311spp/17

caves - 18.29 species per cave). The average richness was 53 spp (SD = 26.35) in car-

bonatic caves, 45.4 spp (SD = 22.7) in siliciclastic caves, 39.88 ss (SD = 19.27) in

magmatic caves and 37.5 spp (SD = 20.96) in ferruginous caves. It is reiterated that the

average extension of the caves associated to each lithology was variable, the ferruginous

being considerably smaller than that present in the other lithologies. The b-diversity

(turnover) was found to be 60.19 in carbonatic caves, 59.17 in magmatic caves, 54.74 in

siliciclastic caves and 45.58 in ferruginous caves.

The total richness of invertebrates related significantly and positively with the linear

development in the siliciclastic caves (Rs = 0.67, P \ 0.05), carbonatic (Rs = 0.71,

P \ 0.05) and ferruginous (Rs = 0.74, P \ 0.05). Furthermore, the higher inclination of

the straight line in this relationship for ferruginous caves reveals that a much higher

number of species in caves of this lithology can be found, than in carbonatic, siliciclastic

and magmatic caves of the same extension (Fig. 2).
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Significant differences were not observed in the total richness and diversities among the

studied lithologies. The average total diversities was higher in the siliciclastic (H0 = 2.34),

magmatic (H0 = 2.26), carbonatic (H0 = 2.24) and ferruginous (H0 = 2.22).

Significant differences in the relative richness were observed between caves associated

to siliciclastic and carbonatic rocks (KW-H(1;41) = 10.98; P \ 0.05), ferruginous and

siliciclastic (KW-H(1;37) = 23.19; P \ 0.05), magmatic and siliciclastic (KW-

H(1;53) = 17.97; P \ 0.05), magmatic and ferruginous (KW-H(1;50) = 9.95; P \ 0.05)

and carbonatic and ferruginous (KW-H(1;38) = 7.86; P \ 0.05).The average relative

richness was higher in the ferruginous rock caves (0.53 spp) followed by the carbonatic

(0.32 spp), magmatic (0.24 spp) and siliciclastic (0.05 spp).

Significant differences among the average relative abundances were observed between

caves associated to ferruginous and siliciclastic rocks (KW-H(1;37) = 21.,18; P \ 0.05)

and magmatic and siliciclastic (KW-H(1;53) = 14.29; P \ 0.05), Carbonatic and mag-

matic (KW-H(1;54) = 3.60; P \ 0.05), Carbonatic and siliciclastic (KW-H(1;41) =

21.07; P \ 0.05), ferruginous and magmatic (KW-H(1;50) = 8.64; P \ 0.05). The aver-

age relative abundance was higher in the caves present in carbonatic rocks (29.81 ind.),

followed by the ferruginous (6.08 ind.), magmatic (3.35 ind.) and siliciclastic (0.55 ind.).

Significant differences among the average relative diversities were observed between

caves associated to carbonatic and ferruginous rocks (KW-H(1;38) = 7.71; P \ 0.05)

carbonatic and siliciclastic (KW-H(1;41) = 6.,62; P \ 0.05), ferruginous and magmatic

(KW-H(1;50) = 8.59; P \ 0.05), ferruginous and siliciclastic (KW-H(1;37) = 20.44;

P \ 0.05) and mamatic and siliciclastic (KW-H(1;53) = 16.25; P \ 0.05). The average

Fig. 2 Positive significant and non significant (*) relation of the total number of species (S) with the
increasing linear development of caves of different lithologies in the Brazilian Atlantic Forest. Carbonatic
(Ca) ferruginous (Fe), magmatic (Ma), siliciclastic (Si)
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relative diversity being higher in the ferruginous (Hr = 0.04), carbonatic (Hr = 0.02),

magmatic (Hr = 0.02), and siliciclastic (Hr = 0.0038).

A total of 70 troglomorphic invertebrates were found. Such species were distributed in

38 caves, and they included the following taxa: Araneae (17 spp), Collembola (8 spp),

Diplopoda (6 spp), Chilopoda (5 spp), Coleoptera (5 spp), Isopoda (5 spp), Opiliones

(4 spp), Acari (3 spp), Diplura (3 spp), Thysanura (2 spp), Blattodea (2 spp), Homoptera

(2 spp), Nematomorpha (2 spp), Amphipoda (2 spp), Pseudoscorpiones (2 sp.) and

Palpigradi (2 sp.).

The total number of troglomorphic species was significantly different between carbo-

natic and ferruginous caves (KW-H(1;24) = 9.32; P \ 0.05), ferruginous and magmatic

(KW-H(1;20) = 5.46; P \ 0.05) and ferruginous and siliciclastic (KW-H(1;21) = 6.02;

P \ 0.05). The ferruginous caves presented the highest average richness of troglomorphic

invertebrates (5.79 spp/cave), followed by the carbonatic (1.60 sp/cave), siliciclastic (1.86

sp/cave) and magmatic (1.83 sp/cave).

Siliciclastic, carbonatic and magmatic caves presented a higher quantitative similarity

of invertebrate fauna (Fig. 3).

Discussion

Most part of the research accomplished in Brazil and in the world regarding the subter-

ranean fauna, is limited to caves inserted in a single rock type, usually limestone. As such,

few studies have been conducted in the world with cave fauna in basalt, silicates, granite,

laterites, among others (Gnaspini-Neto and Trajano 1994; Ruzicka and Zacharda 1994;

Arechavaleta et al. 1999; Sharratt et al. 2000; Culver et al. 2004; Ferreira 2005; Howarth

et al. 2007).

Fig. 3 Non-metric multidimensional scaling (MDS) of caves with carbonatic (plus), siliciclastic (diamond),
ferruginous (circle) and magmatic (square) lithological standards
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The most comprehensive study of fauna conducted in Brazil in caves of different

lithologies, describes the invertebrate fauna of 50 carbonatic, 2 arenitic, 1 quartzitic and 4

granitic caves (Gnaspini-Neto and Trajano 1994). However, this study presents only data

on the composition of some hypogean taxa, without a concern with the richness, abun-

dance, diversity and similarity among the communities.

Distinct traits of each cave lithology

The singularity of the ferruginous caves in relation to the high relative richness and low

similarity when compared to caves associated to the other lithologies had been already

related by Ferreira (2005). The ‘canga’ is a ferruginous rock formed by fragments con-

taining compact itabirite and hematite besides lesser components, cemented by limonite. In

some places the cement completely fills in the interstices of the ‘canga’ but, when the

fragments are large, the limonite partially fills in the gaps resulting in a porous rock

(Simmons 1963; Piló and Auler 2005). According to Maurity and Kotschoubey (1995) the

‘canga’ cuirass possesses centimetric cavities, anastomosed tubule systems, fissures and

pockets.

The existence of this great amount of canaliculi that make up an extensive network of

interstitial spaces (meso and micro-caves) connected to the macro-caves, makes for fer-

ruginous subterranean system habitats with great extensions. The extension and the number

of subterranean systems can be a direct measure of the availability and variety of habitats

for the maintenance of a rich fauna (Christman and Culver 2001; Ferreira 2005; Culver

2006). According to Ferreira (2005), the micro-caves are used by countless organisms that

transit from the surface to more interior areas, frequently accessing macro-caves. Such

macro-caves are sustained by the primary productivity of roots originating from external

trees, beyond guano patches and some organic vegetable matter deposits (Ferreira 2005).

As such, the microhabitat and food resource availability act on the ‘‘concentration’’ of the

subterranean diversity in the ferruginous macro-caves (Ferreira 2005). Thus, in the fer-

ruginous systems, the occurrence of extensive shallow sub-surface compartments probably

acts allowing a migration of the fauna through interstitial spaces to macro-caves,

increasing the richness of these systems.

The relationships of the total richness increase to the size increase of the cavities in

different lithologies are probably related to the increase of the supply of microhabitats and

food resources for the invertebrate fauna (Ferreira 2004). Communities of bats are richer

and more abundant in larger caves, producing large guano deposits (Brunet and Medelin

2001). Large deposits, in turn, provide food and microhabitats for a larger number of

invertebrate species (Ferreira et al. 2007). It stands out that the productivity in cave

environments is an important predictor of a richness increase in invertebrate communities

(Culver 2006).

However, caves in different types of rocks showed a distinct richness increase pattern in

relation to the increase of their linear extensions. Ferruginous caves showed a stronger

species increase tendency with the increase of the linear projection. Such a fact can be due

to the heterogeneous micro-environmental characteristics of these caves associated to the

intricate canaliculi mesh present in the ferruginous rock. The ferruginous macro-caves

potentially enhance their connectivity to a larger amount of canaliculi by the increase of

their volume. Such condition causes the macro-caves to work as fauna ‘receptors’ (espe-

cially from the ‘‘shallow’’ subterranean habitats, connected to the canaliculi). Many species

that are living especially in those habitats can eventually reach some macro-cave, by

chance or attracted by some food resource, as bat guano. Such ‘‘attraction’’ can happen in

1724 Biodivers Conserv (2011) 20:1713–1729

123

Author's personal copy



an exponential way, that is, small increases in the linear development of the macro-cave

can lead to an exponential increase of attractiveness (by the increase of the connection with

the canaliculi), surprisingly elevating the amount of species present, different from what

occurs for other lithologies, where such canaliculi are not abundant.

Being such, the cave extension, as a parameter of invertebrate richness prediction,

depends directly on the lithology to which the cave is associated. Thus, contradicting the

postulate by Gnaspini-Neto and Trajano (1994), caves associated to different lithologies

present communities with clearly different composition and structure, keeping in mind the

differentiated potentiality of species absorption that each lithology presents.

The lowest relative richness relative abundances and relative diversity in the siliciclastic

caves can be due to a lower availability of food resources for invertebrates. The arenitic

caves of Altamira-Itaituba (Pará state) present abundant populations of invertebrates

associated to enormous guano deposits (Trajano and Moreira 1991, Gnaspini-Neto and

Trajano 1994). Large guano deposits were not observed in the siliciclastic caves in this

study. Like this, the oligotrophic condition prevalent in the siliciclastic caves inventoried in

this work does not make the presence of rich invertebrate communities possible. However,

another factor that should be considered as a possible richness reducer is the predominance

of tourist activities in many of the siliciclastic caves sampled. The visitor presence can

probably alter microhabitats and drive off trogloxene importers of food (e.g., bats, swifts),

culminating with the establishment of an oligotrophic condition. As an example, we have

the tourist quartzitic caves in the Serra de Ibitipoca (South of Minas Gerais) that has

already presented large guano deposits produced by swift populations (Pinto 1939). Cur-

rently, swift guano deposits were only observed in the caves distant from the visitation

center. Furthermore, trampling impact can aggravate the fauna depletion situation even

more, through microhabitat alteration.

Troglomorphic species

The high number of troglomorphic species found in the ferruginous caves is an uncommon

occurrence for the Brazilian caves (Ferreira 2005). According to this author, the superfi-

ciality of many ferruginous caves can make up one of the important factors that lead to the

speciation of subterranean groups, as occurs in many lava tubes (Howarth 1980). Such

superficiality contributes to the access of root, which on reaching ample subterranean

spaces, develop, forming extensive root systems that act as trophic resources for several

invertebrate species. Furthermore, they allow an ‘‘indirect’’ continuous primary produc-

tivity (via root growth) that leads to the maintenance of a considerable volume of nutrients

within these caves.

In way similar to the ferruginous systems, a rich troglobiotic fauna associated to

superficial volcanic caves (lava tubes) are also distributed along a network of channels

formed by small spaces. Many of those species depends directly or indirectly on the roots

of the epigean vegetation (Juberthie et al. 1980; Medina and Oromi 1990; Hoch and Asche

1993, Ashmole, 1994).

Howarth (1972) argues that the colonization of lava tubes would be a consequence of an

adaptative shift. According to this author, the introgression in the subterranean environ-

ment for a given species would take place due to an attraction to an available alimentary

resource and one unused by other species, instead of a reaction to the unfavorable con-

ditions of the epigean environment. Thus, terrestrial troglobiotic species can occur in

tropical areas where there are extensive caves with stable humidity supply conditions and

available alimentary resources for colonization over a long period (Howarth 1980). The
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adaptative shift hypothesis for the evolution of specialized taxa to tropical lava tubes is

based on the distribution of phytophagous troglobiotic species (Homoptera: Cixiidae) that

are found distributed in a parapatric manner with their ancestral epigeans (Howarth 2005).

The importance of altitude as a determinant of the evolution of some troglobiotic groups

(Picker and Samways 1996; Ferreira 2006) also deserves attention. Caves associated to

high altitudes occur in places where external adversity is still more intense, due to the

higher temperature ranges and more intense winds than in places of lower altitudes. Such a

fact is perceptible when observing that in ferruginous caves situated at higher altitudes,

there concentrates a larger amount of troglomorphic species (Ferreira 2005).

The caves of the Atlantic Forest possess a high richness of troglomorphic species, with

214 species present in almost 300 caves already sampled in this biome (0.71 spp/cave).

Among these, the invertebrates stand out (97.7% of the total).

Ferreira (2004) relates the occurrence of 43 troglomorphic species in 113 Brazillian

calcareous caves (0.4 spp/cave). However, this fauna is not as representative when com-

pared to that present in temperate area caves (Culver and Pipan 2009). As examples, Peck

(1992) relates the presence of 250 species in 54 limestone caves of Alabama, USA (4.6

spp/cave) and Sharratt et al. (2000) tell of the occurrence of 85 troglobitic species in 80

quartzite caves located in the south of Africa (1.06 spp/cave). In France, Juberthie and

Ginet (1994) relate 639 troglobitic species in 911 limestone caves (0.7 spp/cave).

Culver and Sket (2000) enumerated 18 caves with 20 or more obligate subterranean

species and revealed that fourteen are in Europe, three from North America and one from

southeast Asia. The sites tended to have high primary productivity or rich organic input

from the surface, they are large caves, or have permanent groundwater phreatic water

(Culver and Sket 2000). However, the caves of our study are of small extension, and in a

general way, do not present permanent groundwater (phreatic water).

Culver et al. (2003) compared the obligate cave faunas of nine karstic regions of the

United States (Florida Lime Sinks, Appalachians, Interior Low Plateaus, Ozarks, Driftless

Area, Edwards Aquifer/Balcones Escarpment, Guadalupe Mountains, Black Hills, and

Mother Lode), and showed that terrestrial (troglobitic) species ranged from zero (Florida

Lime Sinks) to 256 species (Interior Low Plateau).

In Brazil, However, it should be considered that the identification of troglobitic species

in tropical areas is hindered by the fact that the epigean invertebrate fauna is practically

unknown. Therefore, more recent troglobites, that do not present morphologic modifica-

tions (such as eyes reduction, depigmentation and prolongation of appendages), will rarely

be identified due to the lack of certainty as to their exclusiveness in the subterranean

environment (Andrade 2003).

On the other hand, the low richness of troglobiotic species in magmatic caves can be

probably due to the reduced extension of superficial subterranean systems (MSS), which

compromises the colonization and isolation of the hypogean species. In granitic talus

caves, the contact of the large blocks of rock with the soil can produce intense spaces

characterized as MSS. However, in Tafoni and dissolution caves (that make up the most

inventoried types in this work), the compact nature of the rock greatly reduces the pos-

sibilities of the existence of well developed superficial subterranean environments.

Differences in species composition

The few studies conducted at non-carbonatic caves conclude that the communities are

comparable to those of limestone caves located in the same geographical area, independent

of the rock type in which the cave is formed (Trajano and Moreira 1991; Dessen et al.
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1980; Trajano 2000). The present work, however, presents important information on the

structure and composition of the invertebrate communities in caves with different lithol-

ogies which invalidates those conclusions. The rock types where the caves are inserted

determine clear differences in the richness, abundance and diversity of the invertebrate

communities.

Ferruginous caves reveal invertebrate communities with a high relative richness, besides

a distinct fauna composition from the other lithologies. Such distinctiveness can be related

not only to the physical structure of those caves, but also to the great amount of troglobiotic

species observed. Since most part of the Brazilian troglobiotic species are endemic, one

would expect that the richer the cave is in troglobiotic species, the more distinct will be its

community.

As a result, this study demonstrates that the differences in the composition and structure

of the invertebrate communities in caves are not only the product of biogeographical

variations, as postulated by Gnaspini-Neto and Trajano (1994). In addition, the linear

development of the caves in different lithologies imposes differences in the amount of

species found.

Cave conservation

Until 2008, all of the Brazilian caves were protected by law. However, unfortunately, the

legislation was altered, and the Brazilian caves now can be destroyed by different

anthropogenic activities (especially mining activities). With the intention of defining which

caves can be suppressed and which should be preserved, categories were created (based on

biological and geological parameters) that define the ‘‘status’’ of each cave. Within the

biological parameters, are: the presence of endemic troglobiotic species, as well as richness

of each cave.

However, differences in cave lithologies were not considered within the biological

criteria. Thus, for the establishment of value attributes, the size of the caves should always

come related to their lithology, by the fact that same size caves associated to distinct

lithologies possess communities with quite diverse richness values. As such, the cave

lithology and extension are important parameters to be considered in plans and action for

the conservation of cave invertebrate fauna.
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Pellegrini, Paulo Pompeu, Xavier, Robson, and Marcus Paulo).

References

Andrade R (2003) Conservação do ecossistema cavernı́cola. Quebra Corpo 11:4–5. http://www.gpme.org.br
Arechavaleta M, Sala LL, Oromi P (1999) La fauna invertebada de la Cueva de Felipe Reventón (Icod de los

Vinos, Tenerife, Islas Canarias). Vieraea 27:229–244
Ashmole NP (1994) Colonization of the underground environment in volcanic islands. Memoires de Bio-
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