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Abstract

Natural subterranean caves represent a complex system, and studying them requires a holistic perspective consider-
ing their integration with the landscape. The vegetal cover around caves plays a key role in the energy input to the
subterranean environment, mainly in caves associated with ferriferous formations, since the primary production by
photosynthetic organisms is absent in such environments due to the permanent darkness. The current research aimed
to characterize transitions in the composition of the surrounding landscape of a set of 235 ferruginous caves in the Iron
Quadrangle, (Minas Gerais, Brazil) from 1984 to 2015, using information of remote sensors, geoprocessing techniques
and concepts of landscape ecology. The analysis of landscape composition indicated a significant decrease in the con-
servation level of the study area (530 km?), which has lost 22.14% of the original vegetal cover. The conversion of native
vegetation into anthropized areas in this period eliminated almost the entire protection radius of 15% of the caves known
in the region, as well as committed the surrounding area of other 32%. This study demonstrated the need to develop
scientific researches that relate the cave fauna and vegetal cover surrounding the caves, as well as the consequences
that anthropic activities may cause to the subterranean environment.
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1 Introduction role in the Brazilian trade balance. In 2017, it represented

1.4% of all the Gross Domestic Product of the country, with

The consumption of steel increased significantly in the last
decades [21, 77]. Such great demand, mainly by China, has
been encouraging countries which hold natural reserves
of iron ore, essential component for the steel manufac-
ture, to increase their production as never before [73].
However, the production of steel without previous treat-
ments requires ore with high iron concentration, and that
is found in only a few countries. In this scenario, Brazil
and Australia stand out for holding the largest reserves
of economically feasible ore in the world [73]. The mineral
extractive industry has deserved a historically important

iron ore responsible for 62% of the mineral substances
exported by Brazil [42].

However, the economic development is accompanied
by several types of impacts affecting not only the society
welfare [60, 72], but also the natural resources. The veg-
etal cover of areas with occurrence of iron ore presents
highly specialized species, with high degrees of endemism
that currently are severely threatened [8, 24, 44, 45, 69,
70]. Disturbances caused by iron mining are also observed
at larger scales, altering aquatic and terrestrial environ-
ments, as pointed by Vama et al. [76], Gonzélez et al. [34],
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Fernandes et al. [25] and de Neves et al. [15]. Regarding
terrestrial environments, discussions on the impacts to the
Brazilian speleological heritage caused by the exploration
of iron ore have become of greater importance in recent
years [3, 16, 65], specially after the alterations in the federal
legislation that started allowing the suppression of caves
provided that specific studies have been conducted [7].

The Brazilian speleological heritage has the caves as its
most expressive representative [2], although it is impor-
tant to highlight that such heritage is not restricted to the
caves and their intrinsic attributes. It also represents all
the heterogeneity of biotic and abiotic, subterranean and
surface elements associated with such features. Studies
involving subterranean natural caves must be conducted
under a holistic perspective considering their integration
with the landscape, the dynamics of natural and anthropic
processes and the consequent impacts caused by such
interactions. Anthropic actions like urbanization and
industrialization, damming of watercourses, agriculture
and mining may alter or potentialize the effects of such
processes, causing negative impacts to the speleological
heritage, sometimes irreversible [1].

Several regions of the Brazilian territory that have
records of caves handle with the pressure imposed by
anthropic actions, specially the Ferruginous Geosystems
(FGs). Such term is used to refer to the spatial units whose
lithologic substrate consists in ferruginous lithotypes, such
as banded iron formations (BIFs) or itabirites, cangas, jas-
pilites, ferruginous metadiamictites, ferruginous phyllites,
among others [16].

In Brazil, FGs are restricted to a few regions in the states
of Minas Gerais (Iron Quadrangle, eastern border of the
Serra do Espinhaco and Peixe Bravo river valley), Para
(Serra de Carajds), Bahia (Sao Francisco river valley) and
Mato Grosso do Sul (Urucum plateau) [16]. Although such
systems are spatially restricted, they have high potential
for the occurrence of caves, with more than 2000 records
until 2015 [58, 59]. The caves located in the Iron Quadran-
gle have developed in the inner part of the ferruginous
breccias, within the BIF, and at contact points between
them [66]. In general, caves are dry and small and many
of them have only one small chamber with conduits taper-
ing into small channels, irregular sections and with pillars,
pendants and skylights [9, 58, 59]. Such canaliculi repre-
sent one of the main characteristics of this type of cave,
which form an extensive network of interstitial spaces,
interconnecting macro-, meso- and micro-caves [28].

These void networks allow the storage and circulation
of water, thus favoring the coexistence of terrestrial and
aquatic fauna that move from the surface to the inner-
most subterranean habitats. The evident diversity of
the species found in this kind of cave include relict and
endemic species [28]. From a biological point of view, one
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of the main characteristics of this type of cave is the high
species richness when compared to those with similar
dimensions associated with other lithologies [67]. Sub-
terranean communities of such environments are mainly
supported by roots from external trees and shrubs that
grow along the interstices in the rock reaching the gal-
leries of the cave [28]. The bat guano and vegetal organic
matter deposits carried into the caves by the wind or water
also represent important food sources [26]. The strict rela-
tionship between the composition of food resources of
these communities and the vegetal cover around the
caves highlights the key role of vegetation regarding the
maintenance of such habitats. Thus, this paper aims to
analyze and characterize changes in land use and land
cover (LULC) around the Iron Quadrangle ferruginous
caves from 1984 to 2015. Therefore, it is expected that the
results achieved by this research will encourage the devel-
opment of specific works on the correlation between the
characteristics of the vegetation cover surrounding the
caves and the subterranean ecosystems of the FGs.

2 Description of the study area

The study area (Fig. 1) is located at the Southeastern Bra-
zil in the state of Minas Gerais, in the western portion of
the Iron Quadrangle which is in the southernmost region
of the Biosphere Reserve of Serra do Espinhaco [75]. Its
limits include 12 municipalities and an approximate area
of 530 km?2. The Iron Quadrangle [19] is considered one
of the largest producers of iron ore in the world and has
been playing a leading role in the development of Brazil
since the eighteenth century due to the mineral explora-
tion [66].

The region sits on the transition between the Brazilian
Savannah and Atlantic Forest biomes, two hot spots of
the world biodiversity [56], whose territory presents both
native vegetation and anthropic activities. The seasonal
semideciduous forest and gramineous-woody savannah
are predominant in the region, and according to Sola et al.
[68], the region represents an island of gramineous-woody
savannah surrounded by a forest matrix in inferior topo-
graphic positions in the regional landscape.

The FGs of the central region of Minas Gerais are consti-
tuted by Archaean (Rio das Velhas Supergroup) and Pro-
terozoic (Minas Supergroup and Itacolomi Group) terrains
[63]. The basement of the Minas Supergroup consists of
amphibolite facies metamorphic granite gneiss terrains
and the Rio das Velhas greenstone belt, and the sequence
of this Supergroup, from the bottom to the top, is rep-
resented by the clastic Caraca Group, BIFs of the Itabira
Group, Piracicaba Group and the Sabara Group [64].
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Fig. 1 Map of the study area
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Regarding speleology, the map of potential occur-
rences of caves in Brazil [46] indicates that 71% of the
study area presents “high potential.” Such scenario is
confirmed by the 235 natural caves registered in the
dataset of National Center of Research and Cave Con-
servation, CECAV [11]. A recent study published by this
institution [10] classified the study area as priority for
the conservation of the Brazilian speleological heritage
and therefore is supposed to be the target of actions
toward the creation or improvement of protected areas,

control of deforestation, inspection, monitoring and
environmental and patrimonial education.

Haplic Cambisol predominates due to its complex geo-
logical structure formed by metavulcanic and metasedi-
mentary rocks basically constituted by the quartzites of
Moeda Formation (Caraca Group) and the itabirites of Caué
Formation (Itabira Group). However, dark red Argisols and
Litholic soils are also observed [23]. The relief is marked by
wide and smooth hills of convex geometry with rounded
or flattened tops, with little alluvial sedimentation,
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presenting altitudes between 1200 and 1300 m and mean
drainage density with dendritic pattern [14]. The climate
in the region has a great influence on the complex of hills
that delimit the Iron Quadrangle, generating local areas
with different morphoclimatic systems inserted in the
zone of Central Brazil Tropical Climate [39] with monthly
mean temperature between 16.5 and 23.2 °C [5]. Dry peri-
ods are concentrated in the winter and wet periods in the
summer [49].

3 Materials and methods

The process of conversion of the vegetal cover into
anthropized areas around the ferruginous caves was
observed in terms of variations occurred in the size of
areas occupied by such thematic classes, comparing sat-
ellite images of the years of 1984 and 2015, as well as in
the spatial location of such alterations through time. LULC
classification and change detections were undertaken
using a scene 218-74 from Landsat Thematic Mapper
(TM), date June 06, 1984 and Landsat Operational Land
Imager (OLI), date August 31, 2015, both images with
30 m of spatial resolution. A color composition (RGB) with
near infrared, red and green bands (543 — OLl e 432 - TM)
was adopted to better distinguish the different vegeta-
tion patterns found in the images and to elaborate the
LULC map. The recognition of patterns and homogene-
ous objects was made through supervised classification
by region growth, using the Battacharya classifier of the
software SPRING [43]. The legend adopted was defined by
adaptations of the proposal of the Basic System of Classifi-
cation of Land Coverage and Use of the Brazilian Institute
of Geography and Statistics—IBGE, due to the specificity
of the analysis [41]. The classification of Ribeiro and Walter
presented in the Technical Manual of the Brazilian Vegeta-
tion of IBGE [40, p. 44] was used for classes related to the
natural vegetation. The definition of classes in the sample
was made based on field observations, previous works
conducted in the region [32] and comparative analysis
with images available in Google Earth [35]. The represen-
tation of vegetal cover was categorized into three groups:
herbaceous vegetation, shrubs and trees. Classes related
to land use were represented by the mining areas, urban
areas, forestry, pasture and exposed soil.

After processing the images, they were exported to Arc-
GIS for vectorization and preparation of the final maps.
At this stage, data related to the changes detected were
also quantified using the Vector-based Landscape Analysis
Tools—V-LATE 2.0 beta, to obtain landscape metrics (area,
size and number of patches and distance between patches
and points). LULC maps were combined by means of the
map algebra using a sum operation (pixel to pixel) that
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allowed analyzing the transition that occurred in the stud-
ied period. The interpretation of combinations allowed
not only identifying the places where the original vegetal
cover was replaced by anthropic activities, but also those
that remained unaltered during the analyzed period.

Coordinates of the 235 caves within the study area were
plotted on the maps to assess the landscape composition
and configuration [48] in the speleological context. The
Brazilian legislation established a protection radius of
250 m around the caves until specific studies determine
the necessary protection perimeter [54]. Therefore, vec-
tors with 250 m radius (buffers) were determined consider-
ing the legal requirements around each plotted cave and
clipped in the LULC maps in order to analyze the landscape
around such features applying metrics based on concepts
of landscape ecology [22, 29]. Such metrics refer to the
area that each class occupies in the respective LULC maps
and the spatial location of changes observed in the land-
scape from 1984 to 2015.

4 Results
4.1 Landscape evolution in the study area

The result of image classification generated an overall
accuracy of 87.85% (1984) and 93.72 (2015) and a Kappa
value of 0.78 (1984) and 0.91 (2015), which means that the
classification was satisfactory [47]. The application of land-
scape metrics in the LULC maps (Fig. 2) demonstrates that,
in general, the conservation status of the region decreased
due to the increase in areas impacted by anthropic activi-
ties. The native vegetal cover that anteriorly occupied
88.71% of all the extension reduced to 66.57%, while the
area occupied by anthropic activities showed an almost
threefold increase, varying from 10.51 to 32.56% (Table 1).

The vegetal cover by herbaceous species (Fig. 3) was
the dominant class in both 1984 and 2015, currently
occupying only 39.37% of the landscape, against 51.67%
observed in the past. Attention should also be drawn to
the class represented by mining areas (Fig. 4), which occu-
pies 17.31% of the total area in the present. Analyzing the
data in Table 1, it can be observed that in this period, min-
ing was the anthropic activity that presented the largest
area increase (12.69%), from 2474.58 ha to 9266.84 ha. Two
points should be highlighted concerning mining: the first
refers to the significant increase in the average size of the
patches that previously comprised 82.49 ha and currently
exceed 240 ha; the second is the 9% increase in the area
occupied by water due to the construction of new tailings
dams.

The vegetation cover is one of the primordial factors
for the maintenance of the subterranean ecosystems, and



SN Applied Sciences (2019) 1:1102 | https://doi.org/10.1007/s42452-019-1139-3

Research Article

Fig.2 1984 and 2015 LULC
maps
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Table 1 Landscape metrics of

Classes Patches Area (ha) Mean area of % Total area
the study area patches (ha)

1984 2015 1984 2015 1984 2015 1984 2015
Herbaceous vegetation 228 200 27,667.85 21,077.05 12135 10539 51.67 39.37
Shrubby vegetation 272 270 10,146.11 6182.49 37.30 2290 1895 1155
Arboreal vegetation 405 379 9687.13 8382.51 23.92 2212 18.09 15.66
Exposed soil 9 28 103.24 222.73 11.47 7.95 0.19 0.42
Forestry 40 68 2064.86 3015.21 51.62 4434 3.86 5.63
Pasture 26 73 371.18 1580.48 14.28 21.65 0.69 2.95
Urban area 20 35 614.83 3349.09 30.74 95.69 1.15 6.26
Mining area 30 38 2474.58 9266.84 8249 243.86 462 1731
Water 9 18 414.38 461.53 46.04 25.64 0.77 0.86

for this reason, qualitative and quantitative analyzes were
performed to evaluate the spatial allocation dynamics of
the changes in the landscape. Figure 5 shows the compo-
sition of the native vegetation that was removed and the
respective anthropic class that replaced it.

Figure 5 shows, in percentage values, how much of the
area originally occupied by native vegetation was replaced
by anthropogenic activities. In the case of the mining area

which increased by 6792.26 ha (Table 1), it was verified
that there was a loss of 24.63% of shrub, 10.59% herba-
ceous and 8.79% arboreal vegetation (Fig. 5).

4.2 Landscape evolution 250 m around the caves

The clip made in LULC maps using the 250 m buffer
allowed segmenting information related to the landscape
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Fig.3 Example of Herbaceous vegetation in study area. Serra do Rola-Moca State Park, Nova Lima municipality, Minas Gerais. Author’s pho-

tograph on April 13,2016

Fig.4 Example of iron ore mine in study area, Itabirito municipality, Minas Gerais. Author’s photograph on March 20, 2017

composition, considering only the surroundings of caves
(Table 2).

In 1984, 94.73% of the cave surroundings was occupied
by native vegetation, with predominance of herbaceous
vegetation (56.19%). In that time, only two anthropic activ-
ities were observed around the caves: mining, occupying
5.05% of the area, and urban patches, that represented
0.22% of the area. On the other hand, in 2015 the stratifica-
tion identified that the landscape around the caves is more
degraded, since currently only 79.01% of the native cover
remained, with predominance of herbaceous vegetation
(47.85%). The increase in areas impacted by mining at less
than 250 m of the cave entrances is significant, besides
several areas of exposed soil. These activities, that previ-
ously occupied 5.05% of the landscape, now are present at
20.18% of the areas. The increase in mean size of patches
is also relevant, which changed from 11.68 ha to 38.86 ha.

The expansion of areas occupied by mining from 1984
to 2015 has almost eliminated the protection radius of
36 caves, as demonstrated in the present study, although
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the suppression of some of these features was author-
ized by the competent institutions [62]. However, it is not
possible to affirm that only these caves were impacted,
since until the beginning of the 2000s the speleologi-
cal heritage in ferruginous rocks was almost unknown
[58, 59]. The results of the present research also identi-
fied that besides those caves without any vegetal cover
surrounding them, others do not present the significant
vegetal cover. In this scenario, three caves, which have
been strongly threatened by mining activities, must be
especially mentioned: the caves MP-014 and MP-017
that harbor the troglobitic harvestmen Gonycranaus
pluto [6] and MP-008, the only known habitat of the rare
and endemic planthopper Ferricixius davidi [38]. Accord-
ing the authors, this is one of the planthoppers most
adapted to the subterranean lifestyle among described
species. Figure 6 presents the result of the analysis of
landscape evolution around MP-008 cave, highlighting
the replacement of native vegetation by mining. Ferricix-
ius davidi is rhizophagous (i.e., it feeds exclusively on
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Native vegetation in 1984 x Anthropic areas in 2015
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Fig. 5 Conversion of native vegetation into anthropic areas from 1984 to 2015
Table ZbL?fndscape rgetrics of Classes Patches Area (ha) Mean area of % Total area
250-m buffers around caves patches (ha)
1984 2015 1984 2015 1984 2015 1984 2015
Herbaceous vegetation 28 30 1298.63 1105.84 4638 3686 56.19 47.85
Shrubby vegetation 27 30 590.65 418.23 21.88 1394 25.56 18.09
Arboreal vegetation 37 44 299.97 301.71 8.11 6.86 1298 13.06
Exposed soil - - 199 - 199 - 0.09
Urban area 3 4 5.03 16.82 1.68 4.21 0.22 0.73
Mining area 10 12 116.81 466.27 1168 3886 5.05 20.18

roots), and for this reason it is totally dependent on host
plants that are found in the epigean environment [38].
Since there is no information on the plant species that
this planthopper feeds on, it is essential to preserve all
the vegetation above the cave.

This study also revealed that from 235 caves found
in the study area, 75 presented some type of hazard of
the original vegetal cover due to the expansion of old
anthropized areas or the emergence of new ones—which
reduced the protection radius to distances smaller than
the 250 m defined legally. Models simulating the land-
scape evolution in the Iron Quadrangle for the next dec-
ades, developed by Sonter et al. [70], presented possible
scenarios of mining and urban areas increase, which are
unfavorable for the conservation of speleological heritage.

The spatial analysis of landscape alterations highlighted
that the distance between anthropic activities and caves
decreased due to the loss of vegetal cover in such features.
Figure 7 presents the distribution of distance between
these caves and anthropic activities, and comparing the
data from 1984 and 2015, a degradation is observed in
the protection radius of the caves due to an increase in the
number of caves with a radius of less than 250 m.

Figure 7 shows that in 1984, 52 caves were at a distance
greater than 250 m from anthropic activity and in 2015
this distance is observed for 3 caves only. Data classified
as distance“0"in Fig. 7 refer to caves located in areas com-
pletely affected by mining activities. In 1984, three caves
were identified and, in addition to these, another three
were identified in the same conditions in 2015. The spatial
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[38]

analysis also pointed that the reduction of the protection
radius of the 75 caves was caused by mining activities
around 68 caves, urbanization around 4 and exposed soil
around 3 caves.

5 Discussion

Scientific studies have been demonstrating that anthropic
alterations in the vegetal cover and land use may impact
negatively ecological processes and the biodiversity [37,
45, 51, 55]. The increase in mining activities and urban
expansion in the last years have been altering significantly
the landscape of Iron Quadrangle in Brazil, improving the
threats to the vegetal cover of ferruginous fields [44, 45].
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As pointed up by Ferreira [26], such cover represents the
main energetic contribution to the subterranean ecosys-
tems found in the iron ore caves. The reduction in such
contribution by anthropic activities, as demonstrated in
the present work, may affect irreversibly several cave spe-
cies of the FGs, especially those restrict to such habitats,
namely troglobites [13], as the specie described by Hoch
and Ferreira [38] in one of the caves of the study area.
The analysis of the data related to the native vegetation
during the studied period (Table 1) indicated a significant
reduction in the conservation status in the area, which lost
22.14% of the natural vegetal cover. There is a less notable
increase in the number of urban and mining fragments but
a substantial increase in the size of these areas (Table 1
and Fig. 2) influenced mainly by the development of the
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Proximity of anthropic activities from cave entrances
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Fig. 7 Caves and respective distance between their entrance and anthropic areas considering 250-m buffers

metropolitan region of the city of Belo Horizonte [53, 74]
and the global iron ore market [73]. This study indicates
that these changes in the landscape occurred mainly
due to the expansion of regions previously occupied by
these activities. However, it was observed that the other
anthropic areas presented a different model of landscape
evolution. These activities were identified in a more dis-
persed way in the study area, increasing the fragmentation
of the natural vegetation cover [33] due to the increase in
the number of patches and occupied area. In some cases
(exposed soil and forestry), the decrease in the average
value of the occupied areas was observed. The forestry
activity in the study area, which is also closely related to
the global demand for steel [69], experienced a 58.82%
increase in the number of patches. The exposed soil, for
example, raised more than 200%, changing from 9 to 28.
Pasture areas increased from 26 to 73, and those occupied
by water—almost all of them representing mining tailing
dams—doubled from 9 to 18.

Regarding the mining tailing dams, the main alterations
in the landscape occur when such structures are installed,
when accumulated tailings may reach the altimetric quota
where caves are located, thus causing impacts to their area
of influence or even their complete burial. However, recent
tragedies that occurred in the region of Iron Quadrangle
due to the disruption of the tailings dam of Fundao, in
the municipality of Mariana in 2015 [25] and the dam of
Cérrego do Feijao in Brumadinho in 2019 point to the risk
that caves downstream the dams are subject to. In the case

of Mariana, there are no specific studies quantifying the
damages caused by the speleological heritage, but some
news [17] indicate that several caves suffered irrevers-
ible impacts in function of the mud spill. In the case of
Brumadinho, four caves are located less than 10 m away
from the Paraopeba River, the main stream affected by the
release of mining tailings (Fig. 8), and probably had their
area of influence impacted.

Regarding the spatial allocation of the main classes of
anthropized areas (mining and urban areas), two distinct
patterns of growth were observed. Little changes were
identified around already populated areas, although
the number of urban patches increased in areas where
such class of occupancy had not been observed in 1984
(20-35, 57% larger). It is important to highlight that the
study area is situated in the metropolitan region of Belo
Horizonte, the capital of the state of Minas Gerais, which
represents the third largest urban agglomeration of Brazil,
with almost five million people [74]. The wide distribution
of urban patches in the landscape not only remove the
vegetal cover, but also compromise its integrity by favor-
ing the occurrence of forest fires caused by men [12, 18,
52], which are frequent in the region and affect large areas
of native vegetation.

The second pattern of landscape evolution that must
be highlighted is the vegetal suppression around areas
already occupied in 1984 by mining. Differently from
those alterations caused by urban patches, this change in
land cover was mainly characterized by the expansion of
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Fig. 8 Speleologists in front of the Fecho do Funil Ill Cave entrance located on the banks of the Paraopeba River, Brumadinho municipality,

Minas Gerais. Author’s photograph on February 05, 2019

previously explored areas, and not due to the emergence
of new areas of exploration. This observation is in accord-
ance with data from the metrics of the study area, which
recorded the emergence of only eight new patches related
to mining areas and a significant increase in the mean size
of patches from 82.49 to 243.86 ha.

Changes in land cover in mining areas have stimulated
the development of researches in several countries such
Australia [31], India [30, 61], Canada [50], China [36], Ghana
[4] and also in Brazil [69, 70]. As presented in this paper, the
results of those surveys reveal the substitution of native
vegetation cover by pits, tailings dams and others min-
ing facilities, but none of them specifically addresses the
issue of impacts to speleological heritage. The expressive
increase in mining areas reflects the increasingly world
demand by iron ore [73], which pressured the Brazilian
government to adopt less restrictive measures in relation
to the protection of the speleological heritage to avoid
making the mining extraction unfeasible [3]. These authors
also stated that, although the federal law was extremely
restrictive until the beginning of the 2000s, many caves
were suppressed without any previous scientific study.
Only as from 2004 [54], specific studies started to be
required to obtain environmental licenses, and even more
recently, in 2008, the caves started to be classified into dif-
ferent relevance degrees [7]. Caves with high, medium or
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low relevance are allowed to be suppressed in the case
that previous studies are favorable to such measure.

Pellegrini et al. [57] highlighted the importance of con-
serving the landscape around caves for the maintenance
of subterranean ecosystems. Caves associated with ferrugi-
nous rocks may present high species richness [67] when
compared to caves of the same dimensions in other lith-
ologies due to the existence of an intricated network of
subterranean connections. The extensions and number of
these systems are directly related to the availability and
variety of habitats, which contributed significantly to the
maintenance of a high species richness. Ferreira et al. [27]
also pointed out the presence of canaliculi as an important
characteristic of ferruginous caves, since they promote
subsurface connections among caves and between caves
and surface, thus allowing the transit of organisms. In this
sense, it is possible to infer that the compromise of the
surrounding areas of a cave may reflect in other features
that have not had their protection radius directly affected
by anthropic actions.

Little is known on the behavior of cave fauna regard-
ing alterations occurring in the area of influence of caves.
Moreover, there are few studies monitoring the subter-
ranean fauna associated with the advances of mining
activities around the caves, which are restricted to the
processes of environment licensing, that offer few or
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any access to researchers. One of the few studies that
allowed the access to information about such monitor-
ing revealed that “the advance of mining areas affected
significantly the species richness” [71]. Other study
indicated that the currently adopted methodologies
to monitor the fauna do not provide conclusions on to
what extent the subterranean environment is influenced
by the growth of anthropic activities around the caves,
especially mining [20].

6 Final considerations

Results obtained in the present study highlighted that
the transformations occurring in the landscape caused
by the replacement of native vegetal cover by anthropic
activities, specifically mining and urbanization, should
not be observed only under the perspective of surface
changes. The vegetation removal in FGs may have irre-
versible effects on the complex cave ecosystems, that
shelter highly specialized organisms, totally adapted to
the subterranean lifestyle, mostly with small populations
restrict to one cave.

The legal apparatus that allows and regulates the soil
use, which also promotes the conservation of this rich
and even unknown heritage, still has to be significantly
improved to become a little closer to a utopic equilibrium
point between development and conservation. The need
to develop scientific studies considering the relationship
between cave fauna and vegetal cover around the caves,
as well as the consequences that anthropic activities may
cause to the subterranean environment, is imminent. The
knowledge on the landscape evolution through time may
motivate the development, or at least improvement, of
public policies related to the granting of authorizations
to exploit natural resources, and mainly the systematics
of monitoring the several conditions imposed to entrepre-
neurs during the process of environment licensing.

We hope that data generated in the present study con-
tribute to discussions regarding the definition of criteria to
determine the influence area of caves, as well as encour-
age processes of improvement, systematization and avail-
ability of information obtained by studies, providing sup-
port to decisions involving the environmental licensing.
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