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Abstract: The Brazilian semiarid region has a clear distinction between the dry season,
which can last up to nine months, and the rainy season. Caves are connected to
different extents to surface ecosystems, although they are idealized as stable
environments due to their isolation. Furthermore, little is known about the effects of wet
and dry seasonal variations on underground biological assemblages. Invertebrate
communities were analyzed during dry and rainy seasons in 24 caves in the semiarid
region of northeastern Brazil. We also investigated whether the environmental stability
of caves attenuates the effects of seasonality in this particular region. Morphospecies
richness and abundance and the diversity indexes of caves were significantly higher
during the rainy season. In addition, more stable caves showed less variation in the
community composition between seasons. Our data point to a clear influence of the
surface ecosystems on the caves in Caatinga. However, the intensity of this influence
apparently depends on the environmental stability of the cave, and the most stable caves
present smaller changes in the structure of their invertebrate communities during

different seasons.

INTRODUCTION

The underground environment has distinct features in
comparison to adjacent surface ecosystems: a permanent
lack of light, except in areas near the entrances, and a higher
tendency toward stable environmental conditions such as
temperature and moisture (Culver, 1982). The size of the
oscillation of these climatic parameters will depend substan-
tially on the morphological complexity of the cave and on
the amplitude of climatic variations on the surface (Culver
and White, 2005).

The permanent absence of light inside caves prevents the
existence of photoautotrophic organisms. Therefore, food
sources available for the resident fauna usually have
allochthonous origin (Schneider et al., 2011; Souza-Silva
et al., 2011a). Such resources are imported from the external
environments continuously or temporarily by physical and
biological agents (Culver, 1982; Howarth, 1983; Ferreira
and Martins, 1999). Hence, cave ecosystems are generally,
to a greater or lesser extent, connected to surface ecosys-
tems, whose environmental variations affect the communi-
ties of cave invertebrates (Culver, 1982; Culver and White,
2005; Souza-Silva et al., 2011a; Simoes et al., 2015). The
general features of numbers, positions, distribution, and
extents of the entrances and their relation with the length
of caves are factors that can act directly on the maintenance
of microclimate in underground environments (Ferreira,
2004; Simoes et al., 2015).

Caves located in semiarid ecosystems are generally subject
to seasonal variations in the external environment with a clear
alternation between dry and rainy seasons. The structure of
cave communities may suffer alterations due to climate
changes on the surface, given that the resource availability

may increase during the rainy season for some weeks or
months (Culver and White, 2005; Souza-Silva et al.,
2011a). The availability may also decrease because of
intense leaching that might follow the organic resources
importation (Souza-Silva et al., 2007; Souza-Silva et al.,
2011a).

The Brazilian semiarid region has a relatively predict-
able seasonality, with a dry season that may last for more
than nine months (Sampaio, 1995). The effects of climatic
variables in the ecoregion of Caatinga on several inverte-
brate taxa in epigean ecosystems have already been investi-
gated. Some of the sampled taxa were Apoidea (Aguiar and
Martins, 1997), Sphingidae (Gusmao and Credo-Duarte,
2004), Buprestidae (Iannuzzi et al., 2006), Scarabeidae (Her-
nandez, 2007), Scorpiones (Araujo et al., 2010a), and ants
(Medeiros et al., 2012), besides some studies on larger
groups like Hexapoda (Vasconcellos et al., 2010) and soil
macroarthopods (Araujo et al., 2010b). The vast majority
of these studies have shown a positive relation between pop-
ulation size and rainfall.

Other studies of seasonality in caves are scarce and
restricted to a few groups such as mites in Belgium
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(Ducarme et al., 2004), crickets in North America (Lavoie
et al., 2007), and even a single species of spider in southern
Brazil (Ferreira et al., 2005). In caves at Caatinga, most oth-
er studies were focused solely on the characterization of
invertebrate communities, without regard to season (Tra-
jano, 1987; Ferreira and Martins, 1998; Ferreira et al., 2010).

The present study aimed to evaluate changes in the struc-
ture of invertebrate communities between the dry and rainy
seasons in limestone caves from five municipalities in the
semiarid region of Brazil. In addition, we also investigated
if the environmental stability of these caves can mitigate
the effects of seasonal variations on invertebrate communi-
ties. In this context, due to the strong seasonality on the sur-
face and the connection between epigean and hypogean
environments, we expected changes in the structure of the
cave invertebrate community between dry and rainy sea-
sons, and that caves with greater environmental stability
would have less fluctuation in the composition of the inver-
tebrate community throughout the year.

MATERIAL AND METHODS

The study was conducted in 24 caves in the municipali-
ties of Barauna, Felipe Guerra, Governador Dix-Sept
Rosado, Apodi, and Mossord, Rio Grande do Norte state,
northeastern Brazil (Figure 1; Table 1). These caves are
embedded in the limestones of the Jandaira Formation,
which is the most extensive area of carbonate outcrops of
Phanerozoic age in Brazil. Deposited between the Meso-
Turonian and Eocampanian, the rocks of Jandaira Forma-
tion are a carbonate ramp that crops out in almost all the
onshore portion of the Potiguar Basin. This carbonate
ramp was submitted, during and after deposition, to various
episodes of uplift that led to a subaerial exposure and ero-
sion, resulting in intense epigenetic karstification (Bezerra
et al., 2007).

Most caves in the area occur as clusters in limestone out-
crops locally called lajedos. The sampled caves were ran-
domly selected according to georeferenced data from all
the caves of the area in order to cover all these clusters.

The climate is predominantly BSw'h’ according to the
Koppen climate classification, characterized as a hot and
semiarid climate, in which the rainy season is delayed to
the autumn (Kottek et al., 2006). The average long-period
annual rainfall is about 670 mm, the potential evaporation
is over 1,760 mm, and there is a water deficit of 1,000 mm
during nine months. The rainfall is irregular and occurs in
the period between February and July, most frequently
between March and June. The relative humidity is variable,
usually between 59 and 76%, and the annual average tem-
perature is around 28 °C (IDEMA, 2005).

The determination of sampling dates was based on anal-
ysis of data from 1999 to 2009 about the water balance
(rainfall and water surplus/drought) of the municipalities
of the study area (INPE, 2010). Two sampling visits were
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conducted on each cave between December 2009 and
August 2010, one at the end of the dry season and other at
the end of the rainy season, with a six-month interval
between visits.

We carried out the sampling by visually searching across
all the same accessible parts of each cave during both events,
prioritizing organic matter such as debris, carcasses, and
guano and microhabitats such as humid soil, cracks, spe-
leothems, and spaces under rocks. Manual collections were
made with the aid of tweezers, brushes, and entomological
nets (Souza-Silva et al., 2011b). Invertebrates were collected
from water bodies with the aid of forceps, hand nets, and
creels, in accordance with Ferreira et al. (2010).

The collection team was always composed of the same
four biologists with experience in caving and manual collec-
tion of invertebrates, as recommended by Weinstein and
Slaney (1995). This methodology is effective for collections
and reduces the impact generated by other kinds of sam-
pling, such as the installation of pitfall traps, which are
notorious for causing population disturbances in caves
(Weinstein and Slaney, 1995; Sharratt et al., 2000). To
ensure that the sampling was as standardized as possible,
the sampling time was approximately one hour per 50 m?>
cave area for each biologist.

All invertebrates were identified to the lowest possible
taxonomic level and grouped in morphospecies for all statis-
tical analysis (Oliver and Beattie, 1996a; Derraik et al.,
2002; Ward and Stanley, 2004; Derraik et al., 2010;
Souza-Silva et al. 2011b). Oliver and Beattie (1996a) showed
that morphospecies identified by non-specialists can provide
estimates of richness and turnover consistent with those gen-
erated using species identified by taxonomic specialists. The
use of morphospecies or corrected morphospecies invento-
ries in the analyses generally provides results concordant
with conventional species inventories (Oliver and Beattie,
1996b).

All the invertebrate morphospecies found on each cave
had some specimens collected. The individuals observed
during the collections were counted and plotted on schemat-
ic maps of each cave according to the methodology pro-
posed by Ferreira (2004). All caves in this study were
mapped using a standardized mapping methodology with
degree of precision 4D-BCRA (Day, 2002), with additional
information related to the area of the cave and the number
and area of the entrances.

The general abundance of each morphospecies was
acquired through the recording of individuals on each sche-
matic map, thus generating information regarding mor-
phospecies richness, abundance, and spatial distribution of
each population. Taxa of small size with large populations
concentrated in accumulations of organic matter, such as
Collembola in guano deposits, had their abundance estimat-
ed from the count of individuals in a square decimeter,
extrapolated to the area occupied by the nutrient source.
The calculation of diversity was made using the Shannon
index (Magurran, 1988).
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Figure 1. Map with the location of the study area and sampled caves. The numbered caves are identified in Table 1.

The environmental stability of each cavity was deter-
mined using the Environmental Stability Index (ESI) (Fer-
reira, 2004), modified to use the area of the cave (in square
meters) instead of its linear extent. The index considers the
isolation of the cave atmosphere and the external one
through a mathematical ratio between the total area of the
cave, the area of entrances, and the distance among them
according to the following formulas:

For caves having just one entrance

ESI =In (%) (1)

where ESI is the Environmental Stability Index, AT is the
total area of each cave (m?), and AE is the area of the
cave entrance (m?).

For caves having more than one entrance

(2)

BSI = In [w} ,

NE DE

where ESI is the Environmental Stability Index, AT is the
total area of the cavity (m?), ZAE is the total area of the

cave’s entrances (m”), NE is the number of entrances, and
DE is the average distance between entrances, taking the
largest of them as reference.

We used the Levene test to verify the homogeneity of
variance between seasons of each of the parameters mor-
phospecies richness, abundance, and diversity index. The
variables that were not normally distributed (morphospecies
richness and abundance of individuals) were normalized
with natural log. Then differences between the community
parameters’ averages for rainy and dry seasons were verified
by t-test.

Finally, to verify the similarity between invertebrate
communities in the same cave, but from different seasons,
a matrix of similarity was built based on presence and
absence data using the Bray-Curtis coefficient through the
software Primer-5 (Clarke and Warwick, 2001). Subse-
quently, a Pearson correlation test was applied on the simi-
larity values (dry/rainy) and EST values of the sampled caves
to check if the more stable caves have a greater similarity
between seasons and showed a lower influence of the epige-
an ecosystems.
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RESULTS

The invertebrate communities showed differences in
their structure according to the collection season, with the
greatest values of richness, abundance, and diversity index
occurring during the rainy season (Tables 2 and 3). A total
of 24,177 invertebrates were recorded. During the dry sea-
son, 9,275 individuals of 225 morphospecies belonging to
32 orders and 104 families were recorded. Collembola was
the most abundant group, with 3,509 individuals (37.83
%), followed by Araneae (969 individuals; 10.44 %) and
Ensifera (754 individuals; 8.13 %). In the rainy season,
14,902 individuals of 302 morphospecies were found,
belonging to 38 orders and 130 families. Again, Collembola
was the most abundant group with 4,314 individuals (28.95
%), followed by Araneae with 2,255 individuals (15.13 %),
and Ensifera (1,300 individuals; 8.72 %) (Table 2).

Only eight orders showed a decrease in abundance dur-
ing the rainy season (Opiliones, Scorpiones, Polydesmida,
Spirobolida, Diptera, Embioptera, Isoptera, and Neurop-
tera). Five taxa were not found in the dry season (Scolopen-
dromorpha, Symphyla, Diplura, Odonata and Turbellaria),
and only one order was not found in the rainy season
(Embioptera) (Table 2).

The average richness observed in the dry season was
27.62 + 12.1 morphospecies per cave and in the rainy sea-
son 40.8 + 14.3 morphospecies, while the average abun-
dances were 386.46 + 368.46 individuals in the dry season
and 620.92 + 538.66 individuals in the rainy season. For
the diversity index, the values were 2.08 + 0.56 in the dry
season and 2.51 + 0.42 in the rainy season. Stated uncer-
tainties are standard errors; see Figure 2. All community
parameters measured for the invertebrates of caves (mor-
phospecies richness [t = —3.83; df.46, p < 0.01], abundance
[t = =2.19; df.46, p < 0.05] and diversity index [t = —2.99;
df.46, p < 0.01]) were significantly higher during the rainy
season (Table 3; Fig. 2).

The similarity calculated from presence and absence
data among communities during the rainy and dry seasons
was positively and significantly related to the ESI of each
cave (R = 0.45; p < 0.05) (Fig. 3).

DiscussioN

There is a clear relation between rainfall and the dynam-
ics of invertebrate communities in epigean ecosystems in
Caatinga, where the abundance and richness of taxa of
soil macrofauna, especially of organisms related to the scav-
engers chain, increase considerably during the rainy season
(Aragjo et al., 2010b). Likewise, Vasconcellos et al. (2010)
observed that ten of twelve insect orders have greater abun-
dance or breeding and foraging activity at the time of
increases in precipitation and relative humidity in Caatinga.
Aragjo et al. (2010a) reported that about 84% of collected
scorpions were obtained in the rainy months, with

precipitation and evapotranspiration as the variables most
strongly related to the number of collected individuals.

Regarding the effects of seasonality in a cave, Lavoie
et al. (2007) reported results similar to those found in the
present work, regarding seasonal variations on the popula-
tions and the reproductive activity of cave crickets in North
America, which affected populations of predators of their
eggs, such as cave beetles (Kane and Poulson, 1976). Fer-
reira et al. (2005) also mentioned the greater availability of
prey during the rainy season as the probable cause of the
growth of Loxosceles similis population at Gruta da
Lavoura, Minas Gerais, Brazil.

The majority of invertebrates found in Brazilian caves
(Ferreira et al., 2010) are in troglophilic groups typically
associated with soil and adjacent epigean habitats (Pinto-
da-Rocha, 1995; Trajano and Bichuette, 2009), including
those from caves in the present work (Ferreira et al.,
2010). Thus the patterns observed for epigean communities
may be, to some extent, similar to those observed for subter-
ranean communities.

One of the possible explanations for this fact is the
almost complete dependence of organic resources importa-
tion from the surface, which makes relative changes in the
communities of cave invertebrates something expected (Cul-
ver and White, 2005). The increases in morphospecies rich-
ness, abundance, and diversity index in the rainy season
demonstrate the association between hypogean and epigean
ecosystems in the Caatinga, as rainfall causes an increased
production of leaves, flowers and fruits, which is reversed
in the dry season when there are few plant species producing
flowers and leaves (Machado et al., 1997). This increase in
organic resources supply for many invertebrates during the
rainy season, especially for the herbivores, stimulates guilds
of predators (Vasconcellos et al., 2010).

Although forests in limestone areas have well-defined
phenophases and produce more leaf litter during dry periods
(Brina, 1998), limestone caves tend to experience a greater
transport of debris into the hypogean environment during
the rainy season (Souza-Silva et al., 2007; Souza-Silva et al.,
2011a). Rivers, streams, runoff, and percolation water can
carry large amounts of organic matter such as leaves, tree
fragments, animal carcasses, and dissolved organic com-
pounds (Gibert et al., 1997; Simon et al., 2007; Souza-Silva
et al., 2012).

Except for three caves (Trapia, Furna Feia, and Lago),
the others in the study area have no significant streams
even during the rainy season, and even those with streams
are not currently subject to flood events. Thus, flooding
causing major changes in the invertebrate cave community
or nutrient inflow, as reported by Souza Silva et al.
(2011a) and Simdes et al. (2015), is not expected.

The water from surface runoff and percolation seems
to have a considerable influence on the organic resource
supply in the studied region (Ferreira et al., 2010). During
rainy periods the water enters through skylights and hori-
zontal entrances, carrying organic matter, especially leaves
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Table 2. Abundance (N) and relative frequency (%) of different invertebrate taxa sampled from all the studied caves in different

seasons.

Dry Season Wet Season Total

Invertebrate Taxa N % N % N %
Arthropoda 9094 98.05 14646 98.28 23740 98.19
Chelicerata 1710 18.44 3625 24.33 5335 22.07
Arachnida 1710 18.44 3625 24.33 5335 22.07
Acari 132 1.42 521 3.5 653 2.70
Amblypygi 135 1.46 268 1.80 403 1.67
Araneae 969 10.45 2255 15.13 3224 13.33
Opiliones 126 1.36 113 0.76 239 0.99
Palpigradi 1 0.01 10 0.07 11 0.05
Pseudoscorpiones 48 0.52 72 0.48 120 0.50
Schizomida 291 3.14 381 2.56 672 2.78
Scorpiones 8 0.09 5 0.03 13 0.05
Myriapoda 132 1.42 183 1.23 315 1.30
Diplopoda 127 1.37 158 1.06 285 1.18
Polydesmida 60 0.65 51 0.34 111 0.46
Polyxenida 3 0.03 19 0.13 22 0.09
Spirobolida 9 0.10 5 0.03 14 0.06
Spirostreptida 55 0.59 83 0.56 138 0.57
Chilopoda 5 0.05 20 0.13 25 0.10
Geophilomorpha 2 0.02 6 0.04 8 0.03
Scolopendromorpha 0 * 5 0.03 5 0.02
Scutigeromorpha 3 0.03 9 0.06 12 0.05
Symphyla 0 * 5 0.09 5 0.07
Crustacea 484 5.22 1112 7.46 1596 6.60
Amphipoda 5 0.05 42 0.28 47 0.19
Isopoda 479 5.16 1070 7.18 1549 5.41
Hexapoda 6768 72.97 9276 65.27 16494 68.22
Entognatha 3509 37.83 4318 28.98 7827 32.37
Collembola 3509 37.83 4314 28.95 7823 32.36
Diplura 0 * 4 0.03 4 0.02
Insecta 3259 35.14 5408 36.29 8667 35.85
Archaeognatha 2 0.02 9 0.06 11 0.05
Blattodea 150 1.62 406 2.72 556 2.30
Coleoptera 145 1.56 204 1.37 349 1.44
Diptera 931 10.04 661 4.44 1592 6.58
Embioptera 5 0.05 0 * 5 0.02
Ensifera 754 8.13 1300 8.72 2054 8.50
Hemiptera 223 2.40 367 2.46 590 2.44
Hymenoptera 515 5.55 887 5.95 1402 5.80
Isoptera 26 0.28 18 0.12 44 0.18
Lepidoptera 264 2.85 391 2.62 655 2.71
Neuroptera 51 0.55 31 0.21 82 0.34

Odonata 0 * 1 0.01 1 *
Psocoptera 141 1.52 893 5.99 1034 4.28
Zygentoma 52 0.56 240 1.61 292 1.21
Annelida 89 0.96 94 0.63 183 0.76
Oligochaeta 89 0.96 94 0.96 183 0.76
Platyhelminthes 0 * 19 0.13 19 0.08
Turbellaria 0 * 19 0.13 19 0.08
Mollusca 92 0.99 143 0.96 235 0.97
Gastropoda 92 0.99 143 0.96 235 0.97

Total 9275 100 14902 100 24177 100

*means that the frequency was less than 0.1%.
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Table 3. Community parameters (S, morphospecies richness;
N, abundance; H', Shannon diversity index) for each cave in
different seasons.

Dry Season Wet Season

Cave S N H S N H
Buraco da Nega 26 99 272 32 324 2.68
Caverna do Trinta 27 259 2.14 49 1235 2.33
Caverna de Javan 14 152 1.81 39 302 2.54
Caverna do Britador 21 211 236 50 393 2.49
Gruta do Pinga 13 443 0.76 31 382 2.15
Caverna do Lago 21 353 197 33 706 1.58
Cav.Macacos/

Esquecida 36 230 275 42 269 3.02
Caverna dos Cipos 17 178 1.59 38 280 2.64
Furna Feia 61 1895 240 57 2497 247
Gruta da Escada 25 209 2.84 39 236 2.89
Cav. Capoeira de Joao

Carlos 26 559 1.51 69 992 247

Gruta Boca de Peixe 13 59
Caverna do Lajedo

Grande 17 79
Caverna da Boniteza 26 260
Cav. Marimbondo

222 42 445 2091

2.52 37 557 2.3l
2.15 35 404 221

Caboclo/Agua 36 613 227 66 580 3.43
Caverna do Cote 16 239 198 24 357 2.29
Caverna dos Crotes 50 632 249 77 742 3.06
Caverna da Rumana 49 331 3.03 39 473 2.86
Caverna do Trapia 27 571 1.51 36 1579 2.56
Caverna Beira-Rio 33 591 1.04 33 151 2.80
Caverna da Seta 29 165 244 17 177 2.02

Caverna do Arapua 31 520 1.64 34 972 1.85
Lapa I/ Caverna do

Engano 23 211 2.07 37 755 2.03
Caverna do Buraco
Redondo 26 416 1.79 24 94 2.66

and branches, into the caves. So in addition to resources
such as carcasses and guano provided to the cave
fauna by trogloxenes, other agents, such as water, play
an important role during the rainy season (Ferreira et al.,
2010).

Regarding the organic matter carried by trogloxenes, bat
guano plays an important role as a food source for many
communities inside the studied caves. Since most of them
do not have perennial water, guano becomes one of the
main resources available the entire year (Ferreira et al.,
2010), and several studies have shown the importance of
guano as a source of organic matter for cave communities,
especially in permanently dry caves (Ferreira and Martins,
1998; Ferreira and Martins, 1999; Ferreira et al., 2000; Fer-
reira et al., 2007; Pellegrini and Ferreira, 2013; Pape, 2014;
Iskali and Zhang, 2015). Furthermore, in a similar way to

what occurs in temperate regions where bat colonies often
exhibit annual cycles and add a temporal component to
the deposition of guano (Harris, 1970), most species of Neo-
tropical bats tend to synchronize their reproductive periods
with periods of increased food availability, which usually
occurs during the rainy season (Willig, 1985; Bernard,
2002). This situation leads to a similar cycle in the abun-
dance of invertebrates that depend directly or indirectly on
guano.

Another factor contributing to the increase in activity or
abundance of invertebrates during the rainy season may be
the direct and indirect consequences of rain on decomposi-
tion and the invertebrate populations involved in this pro-
cess. Soil moisture is a key factor for the increase in
biomass of edaphic microorganisms, stimulating species of
scavenger arthropods and predators that are part of soil
micro-, meso-, and macrofauna (Swift et al., 1979, Lavelle
et al., 1995). In terrestrial environments of caves, unfavor-
able conditions such as low humidity may inhibit coloniza-
tion by animals and decrease the rate of plant debris
processing (Souza-Silva et al., 2011a), since high humidity
is critical to rapid decomposition because it regulates the
metabolism of the decomposer organisms (Souza-Silva et al.,
2013).

Therefore, fluctuations in morphospecies richness and
abundance during the rainy season are certainly related to
variations of the main routes of matter and energy into the
caves. Although the details were not assessed directly in
this work, they must be related to a greater transport of
organic material, especially of vegetable origin, from the
surface by rains, increased deposition of guano, and the in-
crease in the rate of decomposition of animal and especially
vegetable organic matter in caves.

A significant relationship between the similarity of inver-
tebrate communities in the dry and rainy seasons and the
Environmental Stability Index of each cave certainly reflects
an interaction between hypogean and epigean ecosystems.
However, the degree of interaction between these two sys-
tems was not uniform, and the most isolated caves exhibited
little variation in the invertebrate fauna between seasons, a
consequence of a low interaction with the epigean ecosystem
(Poulson and White, 1969; Culver, 1982; Howarth, 1983).
This trend indicates that caves with greater ESI and more
stability tend to maintain the structure of their communities
in comparison with less stable caves.

Caves and other subterranean habitats are not fully sta-
ble environments as is often assumed, but they exhibit sea-
sonal fluctuations in temperature and humidity that reflect
a delayed response to the climate change on the surface
(Tobin et al., 2013). In most of the caves, the seasonality
on the surface affects the speed, direction, and daily fluctua-
tions in pressure and chimney effect on air flows, resulting in
seasonal variations of moisture and temperature (Howarth,
1980; Cigna, 2002). Variable environmental conditions tend
to occur in areas next to the entrances, while the most stable
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Figure 2. Community parameters of sampled cave invertebrate communities during dry and rainy seasons: a. morphospecies
richness (log values); b. abundance (log values); c. Shannon diversity index. Central dots inside box-plots represent mean values,
boxes represent standard errors, and bars represent standard deviation.

conditions occur in deeper areas within the caves (Tobin
et al., 2013).

As a result, the classical interpretation leads one to
expect that trogloxenes are more suited to the entrance
zone, troglophiles in the twilight zone, and troglobionts in
the totally dark zone, deep inside the cave (Novak et al.,
2012). Thus, although this work did not attempt an ecologi-
cal classification of the sampled groups, which would
require more detailed ecological studies, the results suggest
some considerations.

Generally, species that are more specialized to the cave
environment tend to be restricted to the aphotic areas with
more stable temperature and humidity. Troglobiont and
troglophile species are commonly stenothermic (adapted to
a narrow temperature range) and stenohygrobic (Barr and
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Kuehne, 1971; Howarth, 1980). Such preferences are proba-
bly generated by the presence of thinner exoskeletons and
longer appendages, resulting in greater desiccation in rela-
tion to surface taxa (Howarth, 1980). Thus, their distribu-
tion can be influenced by seasonal changes in temperature
and humidity, and, in many cases, such species are restricted
to areas with more stable temperature and humidity (Tobin
et al., 2013). For these groups, the entrance zone acts as a
disturbance, disrupting or limiting their preferred subsur-
face habitat that range from the shallow subterranean to
deep caves (Novak et al., 2012). Such species tend to form
communities with stable composition and distribution over
time and space.

The entrance and transition twilight areas, in turn, have
microhabitats that vary considerably according to changes

20

IEA

Figure 3. Positive and significant correlation (R = 0.45; p < 0.05) between the similarity (Bray-Curtis) of invertebrate
communities in the dry and wet seasons in the same cave and its Environmental Stability Index (IEA, from Portuguese initials).
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in the external environment (Culver, 1982). These habitats
are subject to colonization by a wide range of invertebrate
species, with or without pre-adaptation to the deep hypoge-
an environments (Ferreira and Martins, 2001; Prous et al.,
2004) and generally exhibit a greater species diversity than
deep subterranean habitats (Culver and Pipan, 2009).
Thus, these communities have much more temporally vari-
able composition.

CONCLUSIONS

Morphospecies richness, abundance, and diversity index
in caves were significantly higher during the rainy season.
There was a difference in the community structure between
seasons, showing a clear relationship between hypogean and
epigean environments. Nevertheless, this relationship may
vary according to the environmental stability of the hypoge-
an ecosystem; greater internal stability will lead to a lower
fluctuation in the composition of the invertebrate commu-
nity throughout the year. Moreover, these seasonal differ-
ences in the invertebrate fauna reinforce the need for biolog-
ical samples during at least two different seasons as required
in the current Brazilian environmental legislation dealing
with the environmental licensing of projects and activities
potentially harmful to caves (MMA, 2009).

Climate change projections for Latin America indicate a
slight increase in temperature and increased variability in
rainfall for the next decades (Silva, 2004; Sivakumar et al.,
2005). For Caatinga, both drastic decreases and significant
increases in precipitation are plausible scenarios for the
next 50 years (Krol and Bronstert, 2007). According to
our results, these climatic changes will probably have effects
on cave communities and their directly or indirectly associ-
ated ecosystems. Partial loss of biodiversity in these systems
would be important not only in a local ecological context,
but also because several collected species are undescribed,
and probably many of them have distribution restricted to
the sampled region.
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