
Introduction

The epikarst, the upper most zone of karst, is “loca-
ted within the vadose zone and is defined as the hete-
rogeneous interface between unconsolidated material
including soil, regolith, sediment, and vegetative de-
bris, and solutionally altered carbonated rock that is
partially saturated with water and capable of delaying
or storing and locally rerouting vertical infiltration to
the deeper regional phreatic zone of the underlying
karst aquifer” (Jones et al. 2004). The epikarst is an
important area for the transport of pollutants, an im-
portant water storage site and the habitat of perhaps the

most diverse assemblage of obligate inhabitants of
subterranean waters (stygobionts) in the subterranean
world (Jones 2003). It is its extraordinarily complex
and heterogeneous structure that makes the epikarst
the home of a wide array of animals, often rivalling in
diversity the rest of the karst aquifer (Pipan & Brancelj
2004). Despite being known to spelobiologists for de-
cades, the epikarst has been poorly studied (Sket et al.
2004, Brancelj & Culver 2004). This paucity in resear-
ch can be attributed to the difficulty of studying these
habitats, as the epikarst is only accessible indirectly:
by sampling the drip, the drip gours and puddles
(pools) and the trickles of percolation water (Pipan
2005).

Work on the epikarst in the last few years has focu-
sed mainly on the diversity of copepods, both in North
America (Pipan 2004, Reid 2004, Pipan & Culver
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2005) and Europe (Slovenia, especially) (Brancelj
2002, Brancelj & Pipan 2004, Pipan & Brancelj 2001,
2003, 2004a, 2004b, Pipan 2003, 2005, Pipan et al.
2006) owing to the fact that these crustaceans have the
largest and most diversified populations in the karst
(Pipan & Brancelj 2004a). Due to the lack of direct
sampling, the studies are difficult to design (Pipan &
Culver 2005). More general studies include those on
faunistic information in particular cave systems of
North America, Europe and Australia (Malard & Gi-
bert 1997, Culver et al. 1994, Culver & Sket 2000, Pes-
ce et al. 2004, Jefferson et al. 2004), global studies of
karstic areas (Proudlove 2001, Culver & Holsinger
1992, Gibert et al. 1994, Sket 1999, Culver et al. 2000,
Know & Culver 2001, Graenning et al. 2003, Schnei-
der & Culver 2004, Apostolov & Pandourski 2004),
studies of whole regions (Culver et al. 2003, Moldovan
2002, Humphreys 2002), countries (Culver et al. 2000,
Culver et al. 2004, Kniss 2004, Negrea & Boitan 2001)
and even the world (Deharveng & Bedos 2000, Gibert
et Deharveng 2002, Sket et al. 2004a) with data on the
epikarst and other sectors of the karstic system
(sources, subterranean rivers, etc.). 

There are two basic approaches to the study of epi-
karstic biodiversity dictated by the difficulty of access
to the cave environment. One is extensive sampling of
the cave system with no special consideration for tem-
poral changes and the other places special emphasis on
temporal changes the latter, but on a restricted sector of
caves. The present work is a contribution to the know-
ledge of the environmental and faunistic heterogeneity
of the epikarstic aquatic habitats, over a period of one
year at four subsectors in the Ojo the GuareÒa Cave, in
the northern region of the Iberian Peninsula. This cave
system is 100 km in total length and the sector studied
represents about 3% of the total length.

Material and Methods

Site description
Ojo Guareña cave system (GEE 1986), one of the

longest caves in Europe, is distributed over five over-
lapping levels comprised of passages up to 10 m high
and 20 m wide with three main entrances and several
other minor cavities. Over 100 km of galleries, develo-
ped in Cretaceous limestone, have been surveyed (Pu-
ch 1998). No previous study on the microclimate of
this cave has been published. The Ojo Guareña karst
contains numerous pools of standing water that are re-
filled by drip water or by streams after intense rainfall.

For the purpose of our study we separated the pools
into two types: gours and puddles. A gour is formed by
a vadose speleothem deposit developing along the
margin of a pool. Puddles consist of standing water
that accumulates in small hollows on clay cavern
floors; they are associated with flowing streams. In the
aquatic cave microhabitats, it is very difficult to esta-
blish a regular sampling strategy over a particular per-
iod of time: water disappears from some of the habitats
at certain times and at other habitats the amount of wa-
ter is so small that it is not biologically appropriate to
take a sample as this would eradicate a local popula-
tion.

The present study was performed in a sector some 3
km in length, with four subsectors and ten sampling
points.  Names refer to local designations (subsector 1,
“Museo de Cera”, OG-01; subsector 2, “Gours Hojas”,
OG-07, OG-08, OG-10 and OG-15; subsector 3, “Ita-
lianos”, OG-02 and OG-12; subsector 4, “Galeria Prin-
cipal”, OG-9, OG-14 and OG-16) along the main path
leading inward from the “Palomera” entrance. A one
month sampling interval for chemical analysis and a
three month interval for biological analysis was plan-
ned in the ten cave locations (Table 1) with different
aquatic habitats (from August 2002 to September
2003) (Fig.1). The temporary nature of some of these
habitats hindered the sampling over the entire annual
cycle. At the end, only 6 locations (OG-07, OG-08,
OG-09, OG-10, OG-12 and OG-14) - those where wa-
ter remained present during the entire period ranging
from 22-11-2002 to 27-09-2003 - were selected for
complete chemical analysis and for shared analysis of
chemistry and fauna. Samples taken at other dates
from the ten habitats have been included in the analy-
sis when available for the period between 2002 and the
end of 2003, and this is indicated in the text.

The total number of biological samples collected
was 42 and for chemical analysis, 51 samples were
collected. There were 20 samples for the joint chemi-
cal and faunistic analyses, and 39 chemical samples
for the six locations in the annual cycle.

Samples
Water samples from puddles and gours were collec-

ted in pre-washed, sterilized 200 ml bottles. Tempera-
ture and dissolved oxygen were measured using a Yel-
low Spring YSI 55 apparatus, pH was measured with a
Hanna HI 9025 meter, and conductivity was determi-
ned with a HI 9033 conductivity meter (all in situ). Ad-
ditional water samples were collected in 125 ml
containers (previously washed with distilled water)
and kept below 4°C until analysis in the laboratories of
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the National Museum of Natural Sciences (MNCN),
Madrid, Spain. In the laboratory, all water samples we-
re analysed by ionic capillary electrophoresis using a
QUANTA 4000 capillary electrophoresis instrument
(Waters, Milford, MA, USA) equipped with a positive
power supply and a variable-wavelength UV detection
system. All chemical and standard solutions were pre-
pared using deionised water (18 MV) produced from a
Milli-Q water purification system.

Qualitative biological sampling was performed by
removing the substrate and filtering with a100 µm me-
sh hand net. All samples were fixed in the field with
4% formalin and preserved in 70% alcohol one week
later. Sample sorting was performed at our laboratory
in Madrid using a stereoscopic microscope.

Statistical analyses
The calculations required to determine the mineral

saturation indices and pCO2 values in the water
samples were performed using the PHRQPITZ v0.2
computer program (1990) (a modification of the origi-
nal version by Plummer et al. 1988). Field pH and tem-
perature measurements were taken into account in the
calculation of solubility and saturation state.

Multivariate analyses (using the PRIMER v5 packa-
ge; Clarke & Gorley 2001) were performed on the da-
ta from the 39 water samples taken at different dates
from the six cave locations mentioned above (Table 2).
All environmental variables except pH and temperatu-
re were log transformed yt = log (0.1+ y), where yt is
the transformed value. Fauna data were analysed on a
presence/absence basis. The clustering of environmen-
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Table 1. Description of the sampling points and environmental variables in the Ojo Guareña Cave (Burgos, Spain). Habitat type: gour and pudd-
le; Substrate: R= rock, RS= rock/sand, MS= mud/sand, SS= stones/sand, RSS= rock/sand/stones and MSS= mud/sand/stones; type of bottom:
C= consolidated and NC= non-consolidated; water character: T=temporary water (*high permanence of water) and P=permanent water; dep-
th: H= high (>40cm), M= medium (30-40 cm) and L= low. (<20cm) Sampling sites are ordered along a longitudinal gradient from the main
entrance to the cave. In bold= the six locations with data for annual cycle.

Fig. 1. Topography and sampling locations in the restricted sector in Ojo Guareña Cave (Burgos, Spain).



tal variables was performed by “averaging” (UPGMA)
from an Euclidean distance matrix. Principal compo-
nent analysis (PCA) of the environmental data was
carried out using the correlation matrix. Non-metric
multidimensional scaling (NMDS) ordinations were
obtained from the distance and similarity matrices
mentioned above. The non-parametric analysis of si-
milarities test (ANOSIM, Clarke & Green, 1988) was
used to determine whether the differential distribution
of samples was significantly different from a random
ordination. This test is frequently used in ecological
research (Chapman & Underwood 1999). The null hy-
pothesis assumes that there are no differences between
the samples in the different habitats. This is tested by
calculating an index “R” which contrasts between-site
and within-site rank similarities.

where:
—rB is the average rank of all similarities for all pairs

of samples between sites,
—rW is the average of all rank similarities among

samples within sites, M = n (n-1)/2, where n is the to-
tal number of samples considered.

The closer the value of R to 1, the more similar the
samples belonging to a particular site are than they are
to samples from a different site. This index was recal-
culated using permutations. Significance was determi-
ned by comparing the observed R value to its permuta-
tion distribution. Chemical and faunal data were analy-
sed using the BIOENV subroutine of the PRIMER
package. This program compares the fauna similarity
matrix (20x20) with the distance environmental matrix
(20x20) and selects the best explanatory variables
maximizing the rank correlation between them. A mo-
re detailed explanation of all these analyses can be
found in the work of Clarke & Warwick (2001).
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Table 2. Chemical analyses of water and on-site measurements. Concentrations are expressed in mg/L. (EC= Electric Conductivity, µS/cm).
*Dates with biological samples. A=30/08/2002, summer; B=22/11/2002, autumn; C=25/01/2003, winter; D=08/03/2003, winter;
E=07/06/2003, spring; F= 27/09/2003, summer; G= 04/04/2003 spring and H=10/05/2003, spring. Form.= Formiate.



Results

Physico-chemical analysis 
On-site measurements and laboratory analyses of the

39 water samples from the six pools (1 gour and 5
puddles) show that all samples were from unpolluted
waters of the Ca2+-HCO3- type, with limited variation
but varying concentrations of total dissolved mineral
species (Table 2). There is a strong correlation (r=
0.9575) between calcium and bicarbonate and the
concentration of total dissolved chemical species, indi-
cated by the specific conductance, with temperature
(0.5937), as expected (Fig. 2.1 and 2.2). 

Solute concentration in waters varied significantly
depending on: 1) external climatic conditions 2) pool
water depth, 3) rate of infiltrating water, 4) flow routes
to the cave and 5) nature of bottom pool. The

pools/puddles with nonconsolidated bottoms (OG-8,
OG-10, OG-14) had higher concentrations of dissol-
ved solids than those with rock/speleothem bottoms.
This is due to the particulate nature of the sediments,
and the subsequently higher water/rock ratio. The wa-
ter of pool OG-12 showed the least mineralization,
while that of OG-8 was the most concentrated over the
year. Pool OG-9 was the least affected by changes in
concentration as a result of its depth. Seasonal varia-
tion in OG-9 was similar to that in OG-14, with the hi-
ghest concentrations during winter owing to the in-
crease in carbonate solubility with low temperature. In
September 2003 an abrupt reduction in the concentra-
tion of OG-14 was seen, probably related to a storm
some time before sampling (this pool was the closest
to the entrance of the cave). OG-7 showed the typical
trend of small gours/puddles, with a reduction in its
concentration after a rainfall event in April and a pro-
gressive increase in concentration during the summer.
The concentration of chemical species in these pools is
increased by the slow evaporation that occurs whene-
ver the relative humidity falls slightly below the satu-
ration point.

With respect to the mean pCO2 values (Fig. 3), the
highest were detected in OG-12 (10-2.41bar), a relati-
vely isolated pool. The lowest values were recorded in
OG-14 (10-2.72 bar), again reflecting its proximity to
the main entrance. Although the average chemical
composition of the analysed waters experienced minor
variations over the year, the CO2 concentration was si-
gnificantly affected by seasonal changes, with a simi-
lar pattern at all sampling points (Fig. 3). The highest
pCO2 values corresponded to dry periods (winter/sum-
mer) due to the scarcity of water in the soil. The effect
of dryness and rainfall can be seen in the samples col-
lected in September 2003 from pools OG-9 and OG-
12, and to a lesser extent from OG-14. The CO2 pro-
duced in the soil by biological activity is dissolved by
occasional rainwater. When this filters into the cave,
partial degassing occurs until equilibrium is reached
with the CO2 pressure of the cave atmosphere. Conse-
quently, the pCO2 of any standing water depends di-
rectly on that of the cave atmosphere, which in turn de-
pends on both external meteorological variables and
the geometry of the cavity (Sanchez-Moral et al.,
2006). Geochemistry and the saturation state of drip-
waters on time periods vary from sub-seasonal to mul-
ti-year (Fairchild et al., 2006).

With respect to saturation indices (Table 3), the
pools/puddles with non-consolidated bottoms (OG-8,
OG-10, OG-14) were regularly oversaturated or close
to equilibrium; OG-14 had the highest and most stable
mean degree of oversaturation. On the other hand, OG-

EPIKARSTIC WATERS OF A CAVE SYSTEM(5) 131

Fig. 2. Calcium versus bicarbonate concentration (Fig.2.1) and the
electric conductivity and temperature (Fig.2.2) relationship of 6
sites in Ojo Guareña Cave (Spain) based on samples collected
from 30/08/2002 to 10/05/2003.



7 and especially OG-12 were commonly undersatura-
ted. Due to its large volume of water, OG-9 showed a
stable state close to equilibrium. All the samples col-
lected in the winter of 2002-2003 show pronounced
oversaturation despite their high pCO2 values. This is
indicative of a dry, cool period with scarce water re-
charge and slow evaporation.

A PCA was performed using the data from the 39
water samples (Table 2) to determine the overall pat-
tern of chemical variation (Table 4). Three axes explai-
ned more than half of the variance in the chemical da-
ta. Sulphate, nitrite, magnesium and sodium have the
highest scores on the first axis, pH and Formiate on the
second axis, and temperature on the third.

One of the aims of the study was to determine whe-
ther the chemistry of the different habitats followed a
similar pattern in terms of sampling date, type of habi-
tat, location in the cave and the temporary or perma-

nent nature of the present water in pools. An explora-
tory cluster analysis based on the Euclidean distance
matrix and UPGMA grouping algorithm showed that
the habitats tend to group by season rather than loca-
tion, spring and winter being the seasons with greater
influence (Fig. 4). An ordination analysis (NMDS)
shows that only the sampling date segregates data that
called for significance testing (Fig. 5). Consequently,
ANOSIM was used to test whether the grouping by
sampling dates was significant. Table 5 includes those
significantly different dates at p ≤ 0.05.

The water chemistry of the sampled habitats is clear-
ly different at different times. Samples taken in spring
(E and H) were clearly different from those taken in
summer (A and F) and at the end of autumn and in win-
ter (B and C). This may be due to summer and winter
droughts which result in low water levels in the small
pools, while at the end of the spring, thawing and rain
replenish the pools with varying rates and rhythms.
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Fig. 3. Variations of the partial pressure of CO2 (pCO2) of the water samples collected in six pools during an annual cycle from August 2002 to
September 2003.



Fauna analysis
Table 6 provides a detailed list of the organisms

found and the sampling points where they were collec-
ted. Species identification was not always possible
owing to a scarcity of specimens (e.g., the single Hy-
dridae specimen found) or specimen immaturity (e.g.,
the Lumbriculidae specimens, although they quite pro-
bably belong to the same species).

Ten major taxonomic groups were detected, compri-
sing 53 taxa, among them: 15 Oligochaeta, 2 of them
strictly subterranean and one endemic; a stygobiotic
and another stygoxenic Turbellaria; the Bivalvia were
represented by 2 species of Pisidium, a genus typical
of superficial waters; copepods were very well repre-
sented with 14 Cyclopoida and 2 Harpacticoida spe-
cies, at least 3 of these 16 species are new to science;

two species of Bathynellacea, both new to science.

Table 7 includes the contribution of the most com-
mon taxa to the total biodiversity of the cave and Table
8 the distribution of endemics and stygobionts per
sampling point. Is there any global pattern of variation
among the fauna over the whole sampling period? To
answer this question the fauna matrix was converted
into a similarity matrix using the Bray- Curtis similari-
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Table 3. Partial pressure of CO2 (expressed as log pCO2) and cal-
cium carbonate saturation index of sampled water. Arag = Arago-
nite, Calc = Calcite.

Table 4. Results of the Principal Component Analysis based on phy-
sico-chemical variables (upper panel), and coefficients for the li-
near combinations of variables making up PC’s (lower panel). Si-
gnificant values are in bold.

Table 5. ANOSIM testing NMDS clusters of water samples based
on physico-chemical data. Spring samples (E and H) differ from
summer samples (A and F) and autumn and winter samples (B
and C). Letters A - H refer to dates in Table 2. W= winter, Sp=
spring, A= autumn, S= summer.



ty index and the samples ordered with NMDS. The
best ordination of samples were by sampling point, all
other ordinations -by season, kind of habitat and tem-
porality- gave very mixed ordinations (Fig. 6).

To test the strength of samples ordered by sampling
points we again used ANOSIM analysis. As Table 9
shows, some of the habitats were significantly diffe-
rent to one another.

Taking into account only those habitats for which we
have chemical and faunistic identification, the greatest
difference was between habitat 12 and 14 (R= 0.824,

p= 0.002). This difference is easily explained in terms
of isolation. Habitat 14 is the closest to an entrance and
habitat 12 is the most isolated habitat of the set. This
could also be the reason for the difference between ha-
bitat 12 and habitat 9 (R=0.603, p= 0.005). Overlap-
ped, but clearly different (R > 0.5), are habitats 7, 8
and 10 -located in the same subsection (2) of the cave-
that were significantly different from habitats 9 and 14,
in another subsection (4). These R statistics and those
of habitat 12 suggest that the sampling points aggrega-
te by cave subsection. However, other variables may
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Fig. 4. Cluster based on chemical analysis of 39 samples of 6 sites collected in the four season of the year.



come into play: the entrance habitats (9 and 14) are the
most permanent, and the “Gours de la Hojas” habitats
(7, 8, 10 and 15) are temporary and very mineralized
and the isolated habitat (12) always has water but very
low mineralization due to its bed rock substrate. [SY2]

Agreement between habitat relationships based on
faunistic and chemical data was tested with a BioEnv
analysis. A similarity matrix based on the presence/ab-
sence of fauna (Table 6) and an environmental data
matrix were used for this analysis (Table 2, samples
with asterisks). From the environmental matrix, a dis-
similarity matrix was calculated (using normalised Eu-
clidean distances) for each of the possible combina-
tions of the specified environmental variables (not ne-
cessarily all were used at once). The PRIMER BIO-
ENV routine was used to calculate the agreement bet-
ween the two matrices by rank correlating the mat-
ching elements of the two matrices. Table 10 shows the
numerical code for the environmental variables and
the correlation obtained for the different combinations
of variables in decreasing order. The environmental
variables and fauna were not highly correlated: the
best combinations of variables explained a very small
proportion of the variance. To see further into the cross
relationship between environmental variables and fau-
nistic diversity in habitats, another BioEnv analysis
was carried out with the other variables associated wi-
th substrate shown in Table 11 and the total faunistic
record per habitat (Table 6). No strong correlation was
found among those variables and the fauna, the highest
(R= 0.3) being habitat position in cave.

Discussion

The composition of groundwater (Langmuir 1997)
in karst systems is influenced by: (i) the chemistry of

precipitation (rainwater contains a few parts per mil-
lion of dissolved solids and can contain dissolved or-
ganic carbon -about 0.5 to 1.5 mg/l-, much of it in the
form of formiate and acetate (Keene & Galloway
1984); (ii) the leaching of salts accumulated between
water infiltration events (a source of variable amounts
of different ions, mainly Cl-Na-SO4

-K); (iii) the orga-
nic activity in the soil (NO3, formiate, CO2); (iv) the
petrological and mineralogical composition of the sub-
surface rocks (HCO3

-Ca-Mg); and (v) the hydrogeolo-
gical properties of the rocks, which have a strong in-
fluence on the extent of water/rock interactions. The
composition of the water at all the sampling points,
and in particular the strong correlation between cal-
cium and bicarbonate (Fig. 2-1), together indicate that
the composition of the water in the studied sector of
Ojo Guareña cave is controlled by the dissolution of
the host rock after the filtration of rainwater. High
pCO2 values in the soil water during cool periods cau-
se the infiltration of small quantities of water with high
concentrations. Soil pCO2 values are highest during
the growing season because of plant respiration. A
sudden storm after a dry summer period can, however,
cause the opposite effect to that of the cold periods, i.e.
the infiltration of high flows of water with few solutes
but high concentrations of CO2 from the CO2

- enri-
ched soil. The lowest pCO2 values in the sampled
pools corresponded to samples collected in the spring
rainy season. This was caused by regular rainfall and
the subsequent progressive dissolution of the soil. In
general, the sampled pools of the Ojo Guareña cave
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Fig. 5. NMDS ordination of 39 samples according to dates (four sea-
son) based in total chemical data.

Fig. 6. NMDS ordination of sampling points by date according to
taxa data.
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Table 6. Taxa found in Ojo Guareña 2002-2004 cave in 10 sampling sites. *stygobiotic; **stygophilic. Endemic taxa are in bold (Ind: indetermi-
nate taxa).



had bicarbonated, noncontaminated waters with only
small chemical variations throughout the year. Al-
though mean chemical composition varied little over
the year, the CO2 concentration was affected by seaso-
nal changes that followed a similar pattern at all sites.
All winter samples showed carbonate oversaturation
and a high pCO2.

Due to the isolation from the major climatic events
occurring outside, or at least experiencing only the
dampened effects of storms and changes in temperatu-
re, it might be thought that the chemical composition
of these habitats would be similar over the year. Ho-
wever, the results show the major factor affecting wa-
ter chemistry results to be the sampling date. Water
composition changes over the year and is patently af-
fected by external weather conditions. On the other
hand, although the ANOSIM test points to a stronger
similarity between samples within a sampling locality
relative to other localities in the cave, it should be
pointed out that all similarities are relative values, “re-
lative to” something. The fauna recurrence per habitat
and sampling date was not very high: the maximum
number of taxa shared on two occasions in any one ha-
bitat was only 6 out of 14 (in OG-9). These numbers
decline steeply when taking into account more than
two sampling dates. Consequently, the fauna of these

habitats cannot be described as stable. This raises a
further question: do chemical and biological variables
correlate with one another?

Two major kinds of habitats were apparent, depen-
ding on their chemical and biological composition: i)
habitats with high or near-saturation carbonate concen-
trations (OG-8, OG-9, OG-10 and OG-14), mainly of a
permanent nature (OG-9 and OG-14) or where water
lasts much of the year (OG-8 and OG-10), with a mud-
dy (OG-14 and OG-10) or mixed bottom (OG-8 and
OG-9) and with a high organic content (these habitats
harbour the highest diversity of fauna and the stygobi-
te taxa); and ii) habitats that are temporary or perma-
nent but with low mineralization and marked seasonal
fluctuations. These were very poor in fauna. If the to-
tal fauna found in each habitat for all sampling occa-
sions is compared (Table 6), the sites group together in
the following fashion: OG-7 with OG-2, OG-10 with
OG-2, OG-7 and OG-8 and OG-14 with OG-2, OG-7
and OG-10. The conclusion is that those variables do
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Table 7. Summary of numbers of endemic and stygobiotic species
per higher faunal groups.

Table 8. Distribution of stygobiotic and endemic species per habi-
tat.

Table 9. ANOSIM testing NMDS grouping of sampling sites based
on faunistic data.

Table 10. Results of the BioEnv analysis showing the correlations
for different combinations of variables (see text). Variables: 1=
Ta; 2= pH; 3= Oxi; 4= Cond.; 5= CL- ; 6= SO4

=; 7= NO3
-; 8=

CO3H-; 9= F-; 10= For; 11= Ca++; 12= Mg++; 13= K+; 14= Na+.



not correlate well with the fauna content of the habi-
tats, as the BioEnv analysis showed before (Fig.6). In
a similar fashion, there is no strong correlation with
other variables and the fauna, such as with those va-
riables implied in the topography. In conclusion, the
yearly variation of the fauna does not affect their “fai-
thfulness” to their preferred habitat.

OG-8, OG-9 and OG-14 have 4, 7 and 6 stygobiotic
species respectively. OG-9 and OG-14 are permanent
and have a similar oscillation in chemical species. OG-
8 is temporary, but has water almost all year round and
together with OG-14 has an unconsolidated bottom
with mud and organic matter and has been always
oversaturated (or near equilibrium). OG-9 is a gour
and is always in equilibrium. OG-10 was the most di-
verse with 28 taxa and 3 stygobionts, probably due to
the fact that it receives water by constant dripping
throughout the year, except during the driest years.
OG-7 and OG-12 had only 1 and 2 stygobiotic taxa
respectively, showed very low mineralization over the
year, and had undersaturated carbonate concentrations.

However, Pipan et al. (2006) have studied 14 struc-
tural and physico-chemical factors to compare two
types of habitats -trickles and pools filled with perco-
lation water- in 6 caves from Slovenia. Main factors in
trickles were the thickness of the cave ceiling and the
concentrations of sodium, nitrate, and potassium ions.
On the other hand, pools were affected by pH, tempe-
rature, volume, conductivity and thickness of the cave
ceiling.

In Ojo Guareña, the pools that are more stable in
terms of water volume, and mineralization, that have a
lower pCO2 and are carbonate oversaturated, harbor
the greatest number of taxa and are those that can
maintain strictly cave-dwelling species. Pools with lo-
wer levels of mineralization and greater water fluctua-
tions have a lower diversity of fauna and cannot provi-
de a suitable habitat for stygobiotic fauna. According
to Pipan et al. (2006) some species of copepods recor-
ded from pools had preference for high conductivity,
high temperature and a dependence on water volume.
They found that the abundance in pools was probably
mostly a reflection of the amount of volume of pools
collected, but the differences between drips may re-
flect the real differences between the leakage from the
epikarst. In agreement with our present knowledge it
appears that pools are subject to environmental fluc-
tuations (specially drying) and that drips provide a less
biased sample than pools (Pipan 2005). Stability is,
consequently, more a property of the habitat than the
cave system, and it is at that level that further research
should be continued.

Subterranean ecosystem have long been considered
as extreme environments inhabitet by only a few spe-
cialized species. This paradigm is now being revised,
as many studies show that this environment harbors di-
verse animal communities (mainly invertebrates)
across different space and time scales (Gibert & De-
harveng 2002). It is now accepted the great faunistic
diversity of these habitats taken individually and as an
assemblage in a karstic area (Pipan 2005). Pipan, 2005
has found between 8 and 15 species of stygobiotic co-
pepods in each one of the caves she studied, showing
that the copepods diversity in the epikarst may overw-
helm the diversity of other stygobionts. Aditionally,
Pipan et al. (2006) have found 37 species of copepods,
27 of them stygobionts, in 6 caves in Slovenia. Each
individual cave could hold between 5 and 14 species in
trickles and 7 and 13 species in pools. We have found
16 species of copepods in a single cave, 5 of them sty-
gobionts and at least 3 endemic. In conclussion, the ea-
siest way to sample the epikarst fauna of a cave is to
sample pools, unfortunately, pool sampling is far from
an unbiased sample of the epikarst.

Although the sector studied is a small part of the ca-
ve system, there were 14 properly stygobiotic species
from a total of 53 taxa belonging to 10 higher faunal
groups (Table 6 and 8). The statement “it appears that
groundwater biotopes contain highly diverse faunas
with high levels of local and regional endemism”
(Marmonier et al. 1993), has been confirmed in this
preliminar study. We have 9 endemic taxa within the
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Table 11. Habitat variables associated to sampling sites. A: sampling
points; B: type of habitat. G= gour and P= puddle; C: substrate.
R= rock. RS= rock/sand. MS= mud/sand. SS= stones/sand and
RSS= rock/sand/stones; D: type of bottom. C= consolidated and
NC= non-consolidated; E: water “type”. T=temporary water
(*high permanence of water). P=permanent water; F: Depth. H=
high. M= medium and L=little; G: mineralization of the water.
A= medium. B= high and C= low; H: Site. 1= sector one. 2= sec-
tor two. 3= sector three and 4= sector four.



14 stygobiotic identified species and it is sure that
when more deeply studied the number will raise. As a
matter of fact, later samplings in other epikarstic areas
near to the present cave system have produced some
new species to Science (Camacho 2003, 2005a,
2005b) and raised the number of stygobios in the area.
Whether or not this proportion is a characteristic of the
cave should be investigated. Finally, in spite of the fact
that much research has been carried out these last 30
years and our knowledge of karst system properties
has increased considerably, a global and conceptual
model that could describe and explain the spatial and
temporal distribution of karst water organisms is still
lacking (Gibert et al. 1994).
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