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Abstract 

A characterization of the arthropod fauna is carried out in two "hot caves" in the province of Villa Clara: Cave of the Maja’s, 
located in the town of Buenavista in the municipality of Remedios; and Cave of the Coloradas, located on a homonymous hill, 
in the town of Zulueta belonging to the municipality of Remedios. The arthropods were collected using conventional methods. 
In the hot room of the Cave of the Maja’s, the temperature fluctuates around 36°C and the relative humidity varies between 
98 and 100%. In the final galleries of the Cave of the Coloradas, temperatures are moderately high (29- 4°C), with a relative 
humidity ranging from 70 to 85%, both caves are classified in the category of “heat caves”. Following the criteria of Armas and 
Alayón (1984), Ortuño (2011), based on the proposals of the Schiner - Racovitza system (Trajano and Carvalho, 2017), the 
species identified were classified into Troglobess, Troglophiless, and Trogloxens. Conclusions were drawn from the climatic 
and faunal points of view and warnings were made about the harm that these underground ecosystems are being subjected 
to, due to the anthropic action.
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Introduction 

Caves, from ancient times to the present day, have 
displayed an important power of attraction for men [1]. 
They were their first homes, temples and cemeteries. Since 
immemorial times, caves have been linked to the history 
of humankind and men have always tried to explain the 
wonders of the underground world [2].

The first known speleological explorations were those 
carried out by the Assyrian king Tiglath Pileser, who explored 
the origins of River Tigris, in today´s Kurdistan, in year 1100 
B.C. King Shalmanaser III continued it, 250 years later. On 
the other hand, the Chinese book Pao Phu Tzu, written by Ko 
Hung in 300 B.C., describes for the first time the therapeutic 
use of some deposits formed by sedimentation in caves. But 
it was the Greek philosopher Aristotle (384-322 B.C) who 
came up with one of the first theories about the origin of 
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caves and their hydrological role, considering that, in them, 
the air was compressed and transformed into water, dripping 
down the stalactites [2,3].

Caves are nothing else than underground spaces where 
men can move around (at least crawling) [1,4]. Ortuño, et 
al. [1] refer to the fact that caves are underground spaces, 
but not all underground spaces are caves. Many researchers 
think that the term underground must be applied to those 
organisms that develop their entire life cycle in the subsoil, 
regardless of the cavity size and the level of depth that it 
occupies in the soil horizons (in the edaphological/geological 
sense).

The so-called “hot caves” or “hot caves” constitute one of 
the most interesting phenomena of the tropical biospeleology 
[5]. According to Armiñana, et al. [4], in hot caves there 
is a necessary correspondence between their climatic 
particularities, the high relative humidity (nearly always very 
close to the saturation point), the high temperatures (usually 
between 28 and 35°C), and its use as a daytime shelter by the 
Phyllonycteris poeyi (Gundlach in Peters, 1861), a dominant 
bat species is this biotype in Cuba. Its designation as endemic 
species given by Silva, et al. [6,7] was invalidated a few years 
ago when it was found in a fossil state in Cayman Islands and 
in Bahamas [8-10].

Associated to the aforementioned factors, “a unique 
guanobiosenosis is presented, both for its composition and 
for its numerical richness” [11]. This peculiar fauna is mainly 
composed of isopods, mites, spiders, collagen, thysanides, 
blatodeos and coleoptera, which cover the soil in amounts of 
hundreds of thousands and sometimes millions of individuals 
[4,12,13].

Assert that the hypogeal ecosystem is not a closed or 
isolated system, it is physically and trophically open to 
numerous exchanges with the bordering ecosystems. From 
an energetic point of view, it is a system that is being fed by a 
flow of organic matter from the surface [14].

Today, the term “cavy” tends to be omitted and “hypogea” 
is used instead. In the same way, the term “biospeleology” 
tends to be abandoned in favor of a more exact one: 
“underground biology” [3].

Underground environments have special 
geomorphological and hydrological characteristics, in 
addition to a very particular biocenosis that makes them 
unique within terrestrial ecosystems. Many of the species 
that exclusively inhabit caves are numerically rare local 
endemics, which makes them very vulnerable to any human 
change or disturbance [15].

The arthropods are the most numerous and diverse 
edge of the animal kingdom. The term refers to invertebrate 
animals endowed with an exoskeleton and articulated 
appendixes, among others. This taxonomic category includes: 
arachnids, crustaceans, hexapods, chilopods, and diplopods 
[16].

They have adapted efficiently to live in almost all 
habitats. In this sense, they have conquered the ground in 
an extraordinary way, although they are also aquatic. They 
are located at heights above 6 000 meters in the mountains 
and in depths of over 5 500 meters in the ocean. It is clear 
that it is an edge that has achieved great “ecological success”, 
evidenced in its wide distribution and the diversity of 
adaptations to different habitats, in addition to having a wide 
variety of eating habits [17,18].

There are more than 1 200 000 described species, 
mostly insects (one million), which represent at least 80% 
of all known animal species [16]. The diversity of arthropods 
found in the caves of the planet is enormous, especially if 
the fauna classified as Trogloxen and Troglophiles is also 
contemplated.

According to Malek-Hosseini and Zamani, et al. [19], 
there are about 100 000 underground terrestrial species 
of a mandatory nature worldwide. However, one of the 
characteristics of the Cuban speleofauna is the great shortage 
of Troglobess species [20].

Says that only slightly over fifty Troglobess animal 
species have been registered in Cuba i.e., restricted to the 
caves. About the vast majority of them, only the habitat 
and the microhabitat are known; while other fundamental 
biological aspects remain unknown, like feeding, 
predators, competitors, abundance, adaptability to the cave 
environment, distribution and reproduction patterns, just to 
mention some [5].

It is interesting to know that many tropical troglobes 
have epigeal, non-troglomorphic, and taxonomically close 
progenies, sometimes co-inhabiting the same cave [21,22].

Throughout the nineteenth century and most of the 
twentieth century, references to the Cuban cave biota were 
fortuitous and sporadic. The most important biospeleological 
explorations, were carried out mainly by foreign zoologists. 
The investigations done by the Italian Filipo Silvestri (1929), 
the Spanish Cándido Bolívar Pieltain (1944), and those 
carried out by Polish (1964) and Romanian scientists (1969, 
1970, 1973) deserve to be acknowledged. Almost all were 
done in collaboration with the Cuban Speleological Society, 
founded in 1940 by the remarkable Cuban geographer 
Antonio Núñez Jiménez [5].
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The objective of this research is to characterize the 
hypogeal artropofauna of two “heat caves” located in the 
province of Villa Clara, Cuba.

Materials and Methods

Ecological Characterization of the Caves

Cave of the Majaes: This cave is located in the town of 
Buenavista, in the municipality of Remedios, province of 
Villa Clara (Figure 1). It opens in stratified limestone rocks 
of the Coloradas Range from the early Cretaceous, is a cave 
of vadose origin and is in its first phase, it has little water 
leaks and no secondary formations are found. It has a main 
entrance that branches into two galleries. It has a linear 
development of 150 meters, with an approximate area of 460 
m2.

Source: Provincial Meteorological Center of Villa Clara, 
Cuba.
Figure 1: Administrative political map of Cuba and Villa 
Clara province with its 13 municipalities. 

The hot room has only one entrance in the shape of a 
canyon, located at a ground level (Figure 2). In this room 
the temperature fluctuates around 36°C and the relative 
humidity of the air varies between 98 and 100%, the walls of 
the cave remain wet and the floor is always moist and muddy. 
However, in the nearby galleries and halls the floor is dry and 
the air temperature is under 29°C, on the other hand the 
relative humidity of the air is usually around 80%.

Source: Photo taken by Alejandro Michel Rodríguez 
González.
Figure 2: The yellow arrow indicates the entrance to the 
Majaes cave.

Cave of the Coloradas: The cave is located in the Coloradas 
hill, Zulueta, municipality of Remedios. It opens in stratified 
limestones of the Coloradas Range, from the early Cretaceous. 
Like the Cave of the Majases, it is of vadose origin and is in 
its first phase. Access to it is carried out through two small 
dolinas, with a descending vertical of 6 meters. The final 
galleries are large and moderate temperatures prevail in 
them (29 - 34°C), with a relative humidity that oscillates 
between 70 and 85%. It is characteristic in this cave that the 
guano on the floor is dry.

Hypogea fauna of arthropods: For the capture of the 
artropofauna in the caves under study, passive methods were 
used, since they are the most frequently employed in cave 
environments. In this sense, fall traps with baits, fall traps to 
capture live animals, and wet leaf traps [24] were used. With 
these methods, a wide variety of arthropods was captured.

For the use of the fall trap with baits, a plastic container 
was completely buried and left at a ground level with a 
preserving liquid in the bottom (75-80% ethyl alcohol) and a 
small amount of liquid detergent to lower the surface tension 
and make the samples go straight to the bottom. The bait 
was placed in a way that did not contaminate the preserving 
liquid and prevented the animal from escaping. A rock was 
laid on top of the traps, leaving an opening for the animals 
to pass.

Another method used in the investigation was that of wet 
leaf traps, which consisted of filling a bag with wet leaves and 
placing it on the floor of the cave for a period of time, which 
allowed the invertebrates to use the material as shelter.

The necessary equipment for the biospeleological works 
was carried and safety measures were followed. In this 
sense, it was essential to use helmets, useful to protect the 
head from being hit when walking along small or narrow 
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galleries with secondary formations or in case of possible 
falls. For vertical progression, ropes, harnesses, and blockers 
were used.

Other implements used were the light signals to indicate 
the path inside the cave, masks for the work in the hot rooms, 
as well as gloves, and flashlights.

As in other research works carried out in different “heat 
caves” in Villa Clara, arthropod fauna was also collected using 
other traditional methods [4,25], like manual sampling. 
Immediate sampling was done, made with a fine brush or 
entomological tweezers according to the size and texture 
of the specimen, made throughout the cavity, where the 
different environments were observed in detail: walls and 
their cavities, soil, and water tanks. The captured arthropods 
were preserved in tubes with absolute alcohol and properly 
labeled, for later identification in the Zoology laboratory of 
the “Felix Varela Morales” campus at “Marta Abreu” Central 
University of Las Villas, Cuba. The collected species were 
fixed in 70% ethanol.

According to the criteria of Armas, et al. [26]; Ortuño 
[3], based on the proposals of the Schiner - Racovitza system 
[27], the identified species were classified into Troglobess, 
Troglophiless and Trogloxens.

Results and Discussion

Cave of the Majaes

In the cave of the Majaes, the hot room is well defined, 
since its thermal trap is very efficient, this is because there 
is a narrow corridor open at floor level. A large part of the 
cold zone of this cave is in darkness, due to the presence of 
three small dolinas. A large community of cockroaches is 
established in it, Periplaneta americana (Linnaeus, 1758) 
(Blattodea: Blattidae) and Byrsotria fumigata (Guérin-
Méneville, 1857) (Blattodea: Blaberidae), dermaptera as 
is the case of Carcinophora americana (Beauvois, 1817) 
(Dermaptera: Anisolabididae), isopods such as moisture 
cochineals Metoponorthus pruinosus (Brandt, 1833), and 
tenebrionids Zophobas atratus (Fabricius, 1775). Both 
cochineals and tenebrionids inhabit the dry guano of the floor, 
but the other three aforementioned species are located on the 
walls of the cave. Hymenoptera such as Solenopsis germinate 
(Fabricius, 1804), the spider Corinna flavipes (Keyserling, 
1891) and the Gymnetis lanius sternalis (Chevrolat, 1865) 
are also present. There is a small population of the spider 
Digueta spp (Araneae: Diguetidae), which lives on the walls 
where it embeds its tubular nests. It was significant that the 
maximum density of this species was 140 spiderwebs per m2 
at the mouth of the cave.

Near the thermal trap, where the air temperature 
fluctuates around 29°C, the increase in populations of P. 
americana and Z. atratus becomes more evident, but the 
Metoponorthus pruinosus isopods decrease. At the very 
mouth of the passage that constitutes the thermal trap, with 
an air temperature around 30°C, P. americana, Z. atratus 
and S. germinata abound. However, about 10 meters ahead, 
inside the heat room, where the air temperature was 36°C, 
and the relative humidity varies between 98 and 100%, 
the populations of Z. atratus and M. pruinosus decrease 
considerably, so it makes it difficult to find one or two 
specimens of these species. Although ants here are as common 
as in cold salons, cockroaches are only represented by P. 
americana, which is less abundant than in the surrounding 
area of the thermal trap. The presence of several specimens 
of Pyrophorus noctilucus (Linnaeus, 1758), in its adult state 
was confirmed.

Arthropods exclusive of the hot room are Argasid 
Antricola spp. (Acarina: Argasidae) (hundreds of individuals), 
thrombiculides and hysterids.

Cave of the Coloradan 

In this cave, although there are cold rooms, the low 
efficiency of the thermal trap, makes the temperature of the 
hot rooms not as high as in the cave of the bat. The relative 
humidity of the air is low (60 to 70%), as compared to other 
heat caves studied. This means that there are almost no 
differences in the composition of the arthropofauna of hot 
and cold rooms.

In the cold rooms and under the skylights, the numerically 
codominant species are P. americana and B. fumigata, this 
codominance had already been found also in the heat cave 
of the “Mogotes of Jumagua” Ecological Reserve, in the 
municipality of Sagua la Grande, Villa Clara province, Cuba.

In January 2017 at 5 pm, the presence of 50 individuals 
of B. fumigata and 22 of P. americana was observed in a 
small hole in the wall about 20 cm deep and 22 cm high. In 
this room, the air temperature was 24°C and the relative 
humidity of the air, 49%. In these rooms, it was observed 
that B. fumigata ascends through the walls to heights of 3 
meters. This observation was very interesting since in the 
heat cave of the Ecological Reserve “Mogotes de Jumagua”, 
B. fumigata is almost absent from the walls and only a few 
specimens were detected at 0.10 cm high. Other arthropods 
observed were Carcinophora americana in a few tens, some 
individuals of Loxoceles on the walls, A. laevigatus in dry and 
not very abundant guano, some scorpions Rhopalurus junceus 
(Herbst, 1800) and Sphendononema guildingii (Newport, 
1844) (Scutigeromorpha: Pselliodidae).

https://medwinpublishers.com/IZAB/
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The hottest room has the floor covered with dry guano 
and is located on the second level. The air temperature was 
29.8°C; that of the dry guano at 2cm deep was 29.6°C and 
the relative humidity was 60%. An excellent community 
of P. americana, B. fumigate, and tenebrionids A. laevigatus 
was detected on the dry guano on the floor. However, P. 
americana is less abundant in these rooms than in the cold 
zone. In addition to finding these two blasts on the walls, 
the presence of several specimens of R. junceus and small 
populations of the spider Diguetia spp and Loxoscele cubana 
(Gertsch, 1958) was observed, the latter with a maximum 
density of 5 individuals per m2. In addition, the presence of 
Nesticodes rufipes was detected (Lucas, 1846).

In this hot room no archaeids were found. However, 
several specimens of the Ornithodoros viguerasi (Cooley 
and Kohls, 1941), a parasite of bats, were collected and the 
presence of Evania appendigaster (Linnaeus, 1758) was 
detected. According to Vivanco (2013), Evanias (Evaniidae) 
are hymenoptera insects, which act as natural exterminators 
against cockroaches parasitizing their eggs. E. appendigaster 
or flag wasp is the most common species. However, about 
400 species are known to be spread all over the world, except 
for the polar regions.

Some Considerations about the Artropofauna of 
these Spelunks

In relation to Antricola spp. and Parantricola marginatus 
(Banks, 1910), in both caves there is poverty of these 
archaeids in terms of population density and the cause in the 
authors’ opinion is given by the presence of microclimatic 
conditions in the hot salons and by the presence of predators, 
mainly of P. americana. Obviously this contrasts with the 
great diversity of these archaeids observed in the cave of the 
bat located on the S slope of the heights of Sinaloa, in Hoyo 
del Negro, Vueltas, municipality of Camajuaní in Villa Clara, 
where previous studies conducted by Armas, et al. [28], in 
which the main author of this research was present, revealed 
that the population density of these archaeids was 15,000 
individuals per m2, but P. americana was not present.

It is noteworthy that in the case of P. marginatus, it 
was possible to observe in some individuals its maternal 
behavior, that is, carrying the larvae in the opisthosoma, an 
aspect that researchers had not observed before, and which 
was considered a unique adaptation derived from this genus. 
In this sense, we agree with Pienaar, et al. [29].

In the Cave of the Majaes, in the typically hot room, there 
is a population of P. americana, composed of hundreds of 
individuals. On the other hand, in the Cave of the Coloradas, 
the efficiency of its thermal traps is much lower, which 
assures that significant values of temperature and relative 

humidity are not obtained, not as high as those registered 
in the Cave of the Majaes. P americana and B. fumigata are 
present in the galleries and halls of both caves.

It should be noted that these two species of cockroaches 
are numerically codominant in the cave floor, but in the rooms 
where guano is not abundant, the presence of B. fumigata 
is very restricted. In the heat rooms where there is a large 
amount of guano, B. fumigata was found buried, unlike P. 
americana, which occupies the surface of the floor and walls. 
B. fumigata, is absent from the walls. These results coincide 
with those achieved by Silva [30], Ponce, et al. [31]; Simões 
et al. [32] and Armiñana, et al. [4] for this type of ecosystem. 
This species showed a remarkable versatility in the size and 
shape of male wings within the population, which is not 
different from that reported by Núñez-Bazán, et al. [33].

According to Armiñana, et al. [4], P. americana is 
considered a Trogloxen species, while B. fumigata is classified 
as Troglobes.

In relation to C. americana, a considerable population 
consisting mainly of adults was detected in hot rooms, under 
the stones, above the guano, and on the walls. It is considered 
a Troglophiles species according to Armiñana, et al. [4].

Loxocele cubana spider is typically found in dry places, 
usually located on the ground and on the walls of the 
threshold areas of the caves that have low humidity.

In the Cave of the Coloradas, L. cubana is distributed 
throughout all rooms, although never in greater density than 
5 or 6 indiv / m2. According to Armas, et al. [34], in the Cave 
of the Cat, in Sagua la Grande, province of Villa Clara, it is 
possible to find some spiders in the hottest room at 330C.

R. junceus (redish scorpion or blue scorpion). Of this 
scorpion there is a small population in the Cave of Las 
Coloradas, composed of one or two tens of individuals They 
live in the cracks and small cavities in the walls of all the 
rooms, feeding on P. americana.

In Cuba, R. junceus poison has been researched for its 
antitumor activity, showing efficacy against some tumor cell 
culture lines of human epithelial origin [35]. 

In this regard, the Cuban company belonging to the 
Biological and Pharmaceutical Laboratory (LABIOFAM) 
produces the drug named Vidatox, a homeopathic product 
that is made with the aforementioned scorpion poison, which 
has efficient anti-tumor, analgesic and anti-inflammatory 
properties. This medicine contains, for every milliliter, 33% 
hydroalcoholic solution of the poison, rich in low molecular 
weight proteins. Studies carried out on people affected by this 
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disease have demonstrated their impact on the quality of life 
of patients, since it has enabled them to recover body weight 
and desire for food, in addition, this favors the reduction of 
analgesic consumption [18].

According to Decou [36], P. noctilucus the cocuyo as it is 
commonly called in Cuba, although frequent in the Cuban 
caves, has no importance in the dynamics of the biocenosis 
of the caves.

Gymnetis lanius sternalis. In the twilight zone of the Cave 
of the Majaes, with an air temperature of 29°C and a relative 
humidity of 80%, some dozens of adults were found on the 
floor and walls. This subspecies has also been collected in the 
Cave of the Cat in Sagua la Grande [32,34].

As a conclusion, it can be stated that from the climatic 
point of view, the heat caves studied in Villa Clara, differ in 
two main types. The cave of the Majaes has a typical hot room 
with an efficient thermal trap, in which the temperature 
generally ranges between 32 and 40°C and the relative 
humidity is above 97%. It is possible to find populations 
of archaeids here, as well as thrombiculid mites and other 
species restricted to this room; however, certain species 
present (and sometimes abundant) in adjacent rooms (B. 
fumigata, A. laevigatus, dermaptera, spiders, isopods) are 
absent or represented by meager individuals in the hot room.
On the other hand, the Cave of the Coloradas and the Heat 

Cave in the “Mogotes of Jumagua” Ecological Reserve, the 
halls have inefficient thermal traps, because there is a more 
dynamic flow among the hot room and the contiguous ones. 
This keeps the temperature ranging between 27 and 34°C, 
while the humidity of the air rarely approaches saturation 
levels. These weather conditions favor a more equivalent 
distribution of trophylophilic arthropofauna in the cave, and 
make it impossible for others to establish (as in the case of 
archaeids) limiting the development of their populations.

Call these rooms “closed heat rooms” and “open heat 
rooms”. The hypogeal arthropofauna studied in these two 
“heat caves” is made up of arachnids, insects, and chilopods, 
and the species have been classified into troglobes, 
troglophiles, and trogloxen [28].

It is evident that the anthropic action in both caves has 
resulted in, like in other vulnerable underground ecosystems 
studied, the so-called demographic explosion of P. americana, 
mainly due to the extraction of the guano to be used as a 
natural fertilizer by the peasants living in the area. It is 
also noted that in the visits made to the Cave of the Majaes, 
several specimens of Chilabothrus angulifer, Cuban boa or 
Cuban tree boa, endemic species of Cuba, have been found 
slaughtered.

Below, shows the composition of the artropofauna in 
three “heat caves” in the province of Villa Clara (Table 1).

Taxon Heat Cave Cave of the Majaes Cave of the Coloradas
Cold zone

Periplaneta americana (Trogloxen) A A A
Byrsotria fumigata (Troglobes) A A A

Alphitbius laevigatus (Trogloxen) VA A

Zophabas atratus(Trogloxen) S
Carcinophora americana (Troglophiles) S S S

Evania appendigaster (Trogloxen) R R

Loxosceles cubana (Troglophiles) A S

Nesticodes rufipes (Troglophiles) A A

Diguetia spp. (Troglobes) S S

Corinna flavipes (Troglophiles) S

Rhopalurus junceus (Trogloxen) R

Metopanartus pruinosus (Trogloxen) A

Sphendononema guildingii (Trogloxen)
Hot zone

Periplaneta americana A A A
Byrsotria fumigata A A A

https://medwinpublishers.com/IZAB/
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Alphitbius laevigatus VA VA

Zophabas atratus R

Carcinophora americana S

Evania appendigaster R

Histeridos S S

Loxosceles cubana A A

Nesticodes rufipes S R

Diguetia spp. S

Rhopalurus junceus R

Parantricola marginatus (Troglophiles) R
Antricola spp. (Troglophiles) R A R

Trombiculidos A

Metopanartus pruinosus (Trogloxen) R

Table 1: Most representative artropofauna in three heat caves in the province of Villa Clara.

They have been classified in VA, very abundant 
(thousands of individuals); A, abundant (hundreds); S, 
scarce (less than one hundred individuals) and R, rare (less 
than 20 individuals). Next to the name of the species, is the 
classification based on the Schiner - Racovitza system [27].
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