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Abstract Karst systems harbor large groundwater

resources for human consumption and represent an

important habitat for rare and unprotected specialized

animals, the so-called stygofauna. Due to the highly

adapted features towards underground life, together

with the geographic isolation provided by the subterra-

nean aquifers, groundwater-dwelling animals may lose

the ability to face sudden changes on their ecosystems,

and therefore the risk of extinction is remarkably high.

A little is known about their sensitiveness, especially

linked to contamination pressure in urbanized karst

areas. Understanding the impact of contaminants on

stygofauna is important for setting groundwater

environmental quality and management of karst systems.

We have investigated acute toxicity responses in two

endemic stygobiont species of the peri-Mediterranean

genus Proasellus from two different karst areas and in

freshwater standard species Daphnia magna exposed to

two contaminants (copper sulfate; potassium dichro-

mate). Groundwater from both sites was characterized

in order to depict possible responses resulting from the

long-term exposition of organisms to contaminants.

Stygobiont Proasellus spp. were remarkably more toler-

ant than the epigean D. magna. The less groundwater-

adapted revealed to be more tolerant to acute exposure to

both toxics, suggesting that the degree of adaptation to

groundwater life can influence the acute response of

Proasellus spp. to pollutants, and that the tolerance to

wide environmental conditions could be a key factor in

groundwater colonization. This study highlights the

worldwide need to use local specimens to infer the effects

of pollution in their corresponding karst systems, which

is important to define specific environmental quality

thresholds for groundwater ecosystems that will certainly

contribute for its protection.
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1 Introduction

Karst groundwater represents the most important

source of freshwater available for human use, being

particularly impacted by several types of contaminants

from point and diffuse sources of pollution, including

agriculture, livestock, industries, wastewater effluents,

etc. (Watson et al. 1997; Danielopol et al. 2003, 2004,
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2008; Gunn 2004; Brancelj and Dumont 2007). The

increase of urbanized karst areas faces a socioeconomic

challenge in management of groundwater contamina-

tion, a resource whose demand will increase even more

in the future as a result of global warming. The main

persistent contaminants detected in groundwater are

toxic compounds such as metals, pesticides, and organic

xenobiotics, but groundwater is also faced with prob-

lems related to nutrient enrichment such as nitrogen and

phosphorous, or organic matter from sewage and other

forms of carbon (Notenboom et al. 1994).

Subterranean aquifers host a unique biodiversity,

mainly composed by groundwater-dwelling species

(stygobionts) which play a role in water purification,

providing important economic services for human health

and ensuring the equilibrium of groundwater dependent

ecosystems (Hahn 2009). The European stygofauna

represents an important part of the biosphere, estimated

to be 8 % of aquatic fauna (Sket 1999). The isopods of

the peri-Mediterranean genus Proasellus Dudich, 1925

are good representatives of the aquatic karst fauna, with

both epigean and hypogean species (Magniez 1967). This

genus has nine hypogean described species in Portugal

(Reboleira et al. 2011, 2013). Although a first attempt to

understand the environmental preferences of hypogean

Proasellus has been already done in non-karst regions

from North Portugal (Afonso 1992), no data on the effect

of human activities on the Portuguese stygobionts is

known so far.

Although current directives, as Groundwater Directive

(GWD 2006/1187EC), emphasize the need to achieve a

good physico-chemical status, its specific biodiversity is

still neglected (Danielopol et al. 2004, Hahn 2009, Hose

2005). Moreover, the best practice to obtain the water

status recommends obtaining possible data of acute and

chronic toxicity related to pollutants for taxonomic

groups such as algae, macroinvertebrates or other surface

groups, but the subterranean biota is excluded from this

assessment strategy. In fact, groundwater quality criteria

are based on responses of surface water organisms,

what can be insufficient to protect groundwater systems

(Afonso 1987; 1992; Danielopol et al. 2003, 2004,

2008; Hahn 2006; Malard et al. 1996). Furthermore,

assessing the impact of anthropogenic activities on the

groundwater ecosystems is important to understand tox-

icant effects on stygobiotic taxa. Hence, providing valu-

able ecotoxicological information on the sensitivity of

groundwater living species to several anthropogenic

pollutants, can contribute to estimate the impact of

pollution on these particular ecosystems and to derive

threshold values for pollutants (or groups of pollutants).

Subterranean species are traditionally considered good

models for ecological studies (Howarth 1983; Pipan and

Culver 2012). The stygobionts are characterized by

several morpho-physiological adaptations towards life

in groundwater, as the loss of pigmentation and ocular

structures, elongation of appendages, lack of circadian

rhythm, ability to survive with low food resources. As a

result of the low food resources in groundwater,

stygobionts have reduced metabolic and reproductive

rates and acquired a largest life span when compared to

their surface relatives (Gibert and Culver 2009; Hüppop

2005). Living in permanency in a high-stressed environ-

ment, the absence of light limits primary production that

reduces the complexity of food webs and the ecological

variables (Howarth 1993; Gibert and Deharveng 2002).

The lack of intercommunication between groundwater

karst aquifers raises the levels of microendemicity among

stygobionts, enabling the “rescue effect” in ecological

and evolutionary time (Rosenzweig 1995). As a

consequence of their habitat isolation and the stable

conditions of the subterranean habitat compared to the

surface, stygobionts usually have a reduced geographi-

cal distribution, have less capacity to adapt to sudden

changes in their habitat and less possibility to escape

than their surface relatives. Therefore, their risk of

extinction is remarkably high, representing a major

challenge in terms of conservation (Sket 1999).

Several ecotoxicological studies have been

performed using stygobiont species, especially with

isopods of the North American genus Caecidotea

(Bosnak and Morgan 1981a, b) and the European

genus Proasellus (Meinel and Kause 1988; Meinel et

al. 1989). Values of lethal concentrations of zinc and

cadmium in dark conditions during 96 h are available

for the stygobiont annelid Trichodrilus tenuis, the am-

phipod Niphargus aquilex and the isopod Proasellus

cavaticus (Meinel and Krause 1988, Meinel et al.

1989). Other stygobiont species have been tested with

several substances: the copepod Partenocaris

germanicawith zinc, cadmium, PCP, 3,4-diclorophenol,

aldicarb, thiram (Notenboom et al. 1992), two isopod

species of Caecidotea with zinc, cadmium total residual

chlorine, chromium (VI) and copper (Bosnak and

Morgan 1981a, b) and the decapodOrconectes australis

with total residual chlorine (Mathews et al. 1977). The

amphipod Niphargus rhenorhodanensis has also been

tested in mesocosmos with mixtures of natural effluent
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(Canivet and Gibert 2002). Among surface species of

Proasellus, data on toxicity of copper and cadmium is

available for the widespread Proasellus coxalis (Giudici

et al. 1987; de Nicola Giudici et al. 1986).

Our work focuses on the acute response of two

endemic species of stygobiont Proasellus to contamina-

tion of human activities present in karst areas of Portugal,

assessed by acute toxicity experiments with potassium

dichromate, a standard toxic often used in ecotoxicology

studies, and with copper sulfate, extensively used as

pesticide and fungicide on surface in the study areas.

Moreover, we launch the question if the tolerance to a

wide range of environmental situations can be a key

factor in the successful colonization of groundwater by

the genus Proasellus. Finally, we discuss if stygobiontic

species as Prosellus can be used as a good model for

ecotoxicological tests in groundwater.

2 Material and Methods

2.1 Test Species

Two sytgobiont species—Proasellus lusitanicus and

Proasellus assaforensis—were collected from two karst

systems in Central Portugal (Fig. 1). P. lusitanicus, an

endemism to caves of the Estremenho karst massif

(Magniez 1967), inhabits a deep and stable karst aquifer

that was the major source of water supply to Lisbon in

the last century. It was collected in a black pit in Alviela

spring, which is also part of the hydrological basin of

Tagus river (Martins 1949). P. assaforensis was collect-

ed in Assafora cave (near Sintra village), the only

known locality for this species (Afonso 1988). This cave

is a ponor that receives inundations from a small stream

entering into the cave during the rainy season. This

species can be found abundantly all year long in the

ponds of the cave formed by infiltrations from the

surface. Both species of Proasellus feed on organic

matter, such as vegetable debris or biofilms over stones,

and they are predated by amphipods of the genus

Pseudoniphargus, planarians and leaches present in

groundwater.

After collection, Proasellus spp. were immediately

transported to the laboratory and acclimatized to

controlled conditions of total darkness under 20 °C±

2 °C by a maximum of 24 h prior test. Groundwater

from each karst area was used as culture medium for the

respective stygobiotic species.

Daphnia magna [clone A, sensu (Baird et al. 1989)]

was obtained from laboratory stock in which mono-

clonal bulk cultures were reared in ASTM (ASTM

1980) enriched with a standard organic additive

Ascophylum nudosum seaweed extract (Baird et al.

1989b), at laboratory conditions with a photoperiod

of 16L:8D and a temperature of 20 °C±2 °C. Cultures

of D. magna were fed with Pseudokirchneriella

subcapitata, at a rate of 3.00×105 cells/mL, every

other day.

2.2 Chemicals and Test Solutions

Test solutions of 99.5 % pure potassium dichromate

(K2Cr2O7; CAS; Panreac, Química S.A., Barcelona,

Spain) and of 99.0-100.5 % pure copper (II) sulfate

pentahydrate (CuSO4·5H2O; CAS 7758-99-8; Merck,

Darmstadt, Germany) were obtained by dilution of a

stock solution, prepared with distilled water prior to

the experiment. The pH of the stock solutions was

adjusted to remain in the range 6–9 (OECD 2004).

2.3 Characterization of Local Groundwater

Conductivity (in microsiemen per centimeter), oxygen (in

milligram per liter), pH, and temperature (in degrees

Celsius) of groundwater were measured at each collection

site (Alviela and Assafora) using a portable

multiparametric probe (WTWMULTI 3430). Groundwa-

ter samples from each site were analyzed in an accredited

laboratory, or the quantification of priority substances

(European Commission 2008; Ministério do Ambiente

1998) or substances with particular site-specific rele-

vance, including: PAHs (in microgram per liter) (naph-

thalene, acenaphthylene, fluorene, phenanthrene,

anthracene, fluoranthene, pyrene, benzo(a)anthracene,

chrysene, benzo(b)fluoranthene, benzo(k)fluoranthene,

benzo(a)pyrene, indeno(1,2,3-cd)pyrene, dibenzo

(a,h)anthracene, benzo(g,h,i)perylene), using the high-

performance liquid chromatographic method with UV

and fluorescence detection and a gas chromatographic

(GC) method using flame ionization detection; PCBs

(in nanogram) (PCB 28, 53, 101, 118, 138, 153, 180)

and pesticides (in microgram per liter) (chlorfenvinphos,

hexachlorobenzene, alpha-HCH, lindane, alpha-

endosulfan, beta-endosulfan, simazine, atrazine, diazinon,

alachlor, parathion-methyl, fenitrothion, malathion,

terbuthylazine, metolachlor, pendimethalin, diuron,

metribuzin, hexachlorobutadiene, chlorpyrifos, metalaxyl),
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using a Gas Chromatography with Electron Capture

Detector (GC-ECD). Samples were also analyzed for their

metal content (in microgram per liter), in respect

to chromium (Cr), cadmium (Cd), lead (Pb), nickel (Ni),

copper (Cu) and arsenic (As), by inductively coupled

plasma-atomic emission spectroscopy (ICP-AES). The

analytical detection limits for each element/group of

elements are represented in Table 2.

2.4 Acute Toxicity Test

The assays with Proasellus spp. followed the guidelines

established for acute toxicity tests withDaphnia (OECD

2004), with the following adaptations, deriving from the

specificity of the aphotic habitat and reduced living

specimens available: (1) Proasellus spp. were tested in

dark conditions, except for a very short period of obser-

vation at 24 h of exposition; (2) to minimize the impact

of intensive collection in subterranean communities of

stygobiont isopods, the number of specimens consid-

ered was 60 by each experiment, with ten replicates per

concentration, including the groundwater control; (3)

considering the most abundant class-size, only adults

were collected and selected to use in the assays; (4) since

Proasellus spp. present low abundances in the wild and

to avoid possible stress from interaction, they were

exposed individually in 180 m/L glass vessels

containing 100 ml of solution. The laboratory test con-

ditions were the same as the above mentioned for the

acclimation or culture of the test species.

D. magna was maintained for 48 h in 180 mL glass

vessels containing 100 mL of solution. Five specimens

were randomly assigned to each vial, with four replicates

per exposure, including the ASTM control. Following

the guideline recommendations (OECD 2004), only

neonates from third to fifth broods that were less than

24 h old at the start of the experiment were tested.

Based on the results of a preliminary test, the nom-

inal range of potassium dichromate concentrations

selected for the acute immobilization test were: 0.38–

6.00 mg/L for P. lusitanicus; 1.50–24.00 mg/L for P.

assaforensis; and 0.16–2.50 mg/L for D. magna. The

Fig. 1 Location of the

Proasellus spp. sampling

sites
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nominal range of copper sulfate was: 0.81–13.00 mg/L

for P. lusitanicus; 3.25–52.00 mg/L for P. assaforensis;

and 0.016–0.250 mg/L for D. magna. As well the

stygobiont isopods as D. magna were exposed to a

geometric series of concentrations for each tested

substance plus a control. The test concentrations

were prepared by dissolving the stock solution in

groundwater for the assays with Proasellus spp.

and ASTM in the case of D. magna.

All animals were not fed during the experiment.

Dissolved oxygen (Oxi 330 from WTW) and pH

(pH 330 from WTW) were measured at the beginning

and at the end of the test. After 24 and 48 h of

exposition the results were recorded, although only

the 48 h EC50 values are presented. The criterion for

toxic effect was immobilization of the neonates upon

gentle swirling of the beaker.

All the acute immobilization tests fulfilled the

validation requirements established in the OECD

(2004) guideline.

2.5 Statistical Analysis

To estimate the concentration that causes 50 % of

immobilization (EC50) and its respective 95 % confi-

dence limits, for each acute immobilization test we

have used Probit regression model (Finney 1971),

plotting number of immobilized organisms against

the test concentrations at 48 h.

3 Results and Discussion

The results obtained showed a clear pattern of

sensitiveness among the tested species. For the

acute exposure to K2Cr2O7, a remarkably high

48 h EC50 value was found for P. assaforensis

(17.99 mg/L), highlighting its high tolerance compared

with P. lusitanicus and D. magna (48 h EC50=

1.12 mg/L and 0.28 mg/L, respectively) (Table 1). Like-

wise, the acute exposition to CuSO4·5H2O revealed that

P. assaforensis was the less sensitive species ([only

20 % of mortality was recorded for the maximum con-

centration tested (52.00 mg/L)], contrasting with the

48 h EC50 values determined for P. lusitanicus (48 h

EC50=6.21 mg/L and by D. magna, 0.12 mg/L

(Table 1). Therefore, regarding the responses of the

species to both compounds, the epigean cladocer

D. magna showed to be the most sensitive species. On

the other hand, P. assaforensis was remarkably tolerant

to both toxics, especially to CuSO4·5H2O.

Different considerations must be taken into account

to explain the greater tolerance recorded for the

stygobiont organisms compared toD. magna responses.

First of all, it is important to consider that due to limi-

tations in terms of number and maturation of stygobiotic

organisms available, we performed the assays using

adult specimens of stygobionts, while for Daphnia we

used neonates (less than 24 h). It is widely recognized

that juveniles are much more sensitive to toxics than

adults (de Nicola Giudici et al. 1986; Gopi et al. 2012).

Moreover, the sequence of body-size for the test species

was P. assaforensis>P. lusitanicus>D. magna, with the

latter the smaller one. Some studies indicate that larger

body-size organisms are more tolerant, as they have a

smaller ratio of surface area to volume than smaller

species, which might lead them to accumulate propor-

tionally less toxic compounds (Lilius et al. 1995). Other

explanation is the fact that stygobiont species have low

metabolic rates, which may lead to reduce uptake of

toxicants in short-term responses (Plénet 1999; Canivet

and Gibert 2002; Giudici et al. 1987).

Considering that continuous exposure to contami-

nation can induce adaptive responses to contamination

(e.g., Agra et al. 2010), is important to understand if

the high tolerance showed by stygobiotic species,

namely by P. assaforensis, may be the result of histor-

ical exposition to contamination in their habitats.

Assafora cave, where P. assaforensis were collected,

is relatively exposed to surface contamination as a

result of its morphology, shallowness, and proximity

to urban areas. Alviela cave, where P. lusitanicus

inhabits, is the main spring of the central unit of

Estremenhomassif, draining a large area that corresponds

to a natural park spotted by urban areas and agricultural

and industrial activities where the tanning industries take

a preponderant role, being a potential source of Cr to the

surrounding surface and groundwater ecosystems.

Regarding the physico-chemical analysis performed

on groundwater from where the stygobiontic species

were collected, it was observed that all PAHs, PCBs

and pesticides were below to the detection limit

(Table 2), except the following PAHs: naphthalene

(0.017 μg/L), fluorene (0.002 μg/L) in Alviela spring,

and phenanthrene (0.006 μg/L), fluoranthene

(0.003μg/L), and pyrene (0.003μg/L) in Assafora cave.

Moreover, the metals analyzed (Cr, Cd, Ni, Pb, and Cu)

were also below the detection limit, with exceptions for
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Cr in Alviela spring, and Cr and As in Assafora cave

(Table 2). However, albeit detected, their values were

below the maximum admissible ones defined by the

Portuguese legislation for human water consumption

(Table 2). In fact, metals are naturally present in caves

and groundwater, and are not necessarily the result of

anthropic contamination (Vesper 2012). In deep ground-

water, the concentration of toxics is known to be lower

(Notenboom et al. 1994). Even if the contamination is

higher, the volume of water is larger and the dissolution

effect may mask the impact of contamination at short-

term while contamination concentration increases.

Although in our chemical screening all toxics were

below detection limits, they should not be neglected,

since contamination may be more concentrated in more

confined subterranean streams and pounds in other caves

where this species occurs (Vesper 2012). Moreover, in

case of catastrophic contamination events, the groundwa-

ter species with short geographic ranges and high patterns

of endemism have no possibilities of recovering and

re-colonizing the same habitats, also limited due to small

number of individuals and low reproductive rates. There-

fore, the hypothesis that historical exposition can induce

adaptive response that favors the species tolerance to

toxics is not straightforward or conclusive.

The ecotoxicological studies with Proasellus spp.

showed that the stygobiont Proasellus cavaticus is

quite resistant to zinc [LC50(96 h)=127 mg/L], but

not so resistant to cadmium [LC50(96 h)=4.5 mg/L]

(Meinel and Krause 1988; Meinel et al. 1989), and that

the epigean P. coxalis is highly sensitive to copper

after long-term exposition, with no significant differences

between males and females. Also, acute toxicity tests

with the surface species Proasellus meridianus exposed

to copper have shown that no differences were observed

between sexes (van Hattum et al. 1996). Regarding the

sensitiveness between juveniles and adults, Giudici et al.

(1987) pointed out that early stages of life-cycle were

highly sensitive to very low copper concentrations

(0.005 mg/L) that did not affect adult survival. Also

interesting was the similar responses of P. coxalis and

Asellus aquaticus in terms of copper toxicity reported by

de Nicola Giudici et al. (1986) and Giudici et al. (1987).

Although it is widely known that several species of

stygobionts are sensitive to changes in their environment,

there seems to be no direct relation between the degree of

troglomorphism (expressed as morpho-physiological

convergent evolution towards life underground) and

sensitivity to contaminants in stygobiont invertebrates

compared with epigean species (Canivet et al. 2001;

Canivet and Gibert 2002; Mosslacher 2000; Notenboom

et al. 1994). In fact, studies on acute toxicity data (48 and

72 h) with herbicides and insecticides suggest that some

hypogean species are more resistant to some metals than

other close related epigean species (Bosnak and Morgan

1981a, b; Hose 2005). It is also known that sensitivity of

stygobionts varies among different species and is

dependent on the exposure length and contaminant

mixtures (Canivet et al. 2001; Canivet and Gibert

2002).

Table 1 EC50 values (mg/L) for Proasellus lusitanicus,

Proasellus assaforensis and Daphnia magna, after 48 h of

exposure to K2Cr2O7 and CuSO4·5H2O

Species 48 h Ec50
K2Cr2O7

48 h Ec50
CuSO4·5H2O

Proasellus lusitanicus 1.12 (0.75–1.61) 6.21 (1.62–34.01)

Proasellus

assaforensis

17.99 (13.91–26.81) nt

Daphnia magna 0.28 (0.22–0.35) 0.123 (0.09–0.19)

95 % confidence limits are indicated in parentheses

nt no toxic responses for the tested concentrations

Table 2 Chemical analysis and parameters of groundwater

samples from both caves studied (Alviela and Assafora)

Parameter Alviela Assafora MAV

∑PAHs (μg/L) 0.019 0.012 <0.2

∑PCBs (ng) <10 <10

∑Pesticides (μg/L) <LD <LD

Metals (μg/L)

Cd <0.5 <0.5 <0.005

Pb <1.0 <1.0 <0.005

Ni <2.0 <2.0 –

Cr 2.93±0.29 5.46±0.49 <0.05

Cu <8.0 <8.0 <0.005

As <1.0 2.0±0 <0.05

pH 7.17 7.8

Conductivity (μS/cm) 508 485

O2 (mg/L) 7.6 7.6

Temperature (°C) 17.5–22 18

The analytical limit of detection for pesticides ranged from

20 ng/L to 0.05 μg/L

PAHs polycyclic aromatic hydrocarbons, PCBs polychlorinated

biphenyl, LD analytical limit of detection, MAV maximum ad-

missible value for priority substances (Ministério do Ambiente

1998)
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P. assaforensis is the less specialized stygobiont,

characterized by the presence of reduced eyes and

discrete body elongation, probably a result of a recent

colonization of the subterranean environment (Afonso

1988). This species contrasts with P. lusitanicus, eye-

less and with extremely elongated body and append-

ages, typical of the highly specialized stygobionts

(Magniez 1967). Among the two stygobiotic asellid

species, P. assaforensis is considerably more resistant

than P. lusitanicus. Even so, our results suggest that

both species of Proasellus are remarkably resistant to

potassium and copper, being the less specialized

species the most resistant one.

Taking into account that the less troglomorphic species

is probably in a recent stage of groundwater colonization,

both our results and others previously published support

us to think that a wide environmental tolerance can be an

advantage for groundwater colonization. The tolerance

decreases with the increase of adaptation degree to life in

groundwater conditions.

Asellid isopods are present in freshwater of all

continents, being the Mediterranean region the most

diverse area, where the genus Proasellus dominates

richness in Europe and North Africa (Hidding et al.

2003). This genus is a good representative of

stygofauna along Europe, whose populations are char-

acterized by short geographical ranges turning it into a

potential good model for ecotoxicology. Moreover,

stygobiont Proasellus species are adapted to stable

conditions found in groundwater, such as temperature

and physico-chemical features of water, what in-

creases their practical use in laboratory conditions

(Afonso 1992). On the other hand, ecotoxicology

using stygobiont species is challenging, mainly

because their relatively low abundance and low

rates of reproduction combined with the difficulty

of laboratory breeding, compared to epigean aquat-

ic species (Gibert et al. 1994). Moreover, ground-

water aquifers present high levels of endemism

that contributes to noticeably different responses

within the same genus, obligating to use regional

specimens to infer the effects of pollution in a

particular area.

4 Final Remarks

The karst areas occupy almost 15 % of the Earth’s

surface (Ford and Williams 2007). Due to its

economical value, karst aquifers are particularly ex-

posed and impacted by several types of contaminants

from point and diffuse sources of pollution (Danielopol

et al. 2003). Therefore, it is important to generate useful

information for protect groundwater ecosystems.

The highly adapted features of the stygobionts

towards underground life, may lead them to lose the

ability of facing sudden changes in their ecosystems.

Considering the geographic isolation provided by

groundwater aquifers, the risk of extinction is higher

than on surface, due to species irreplaceability

(Rosenzweig 1995).

The two endemic stygobiotic Proasellus used in

this work showed to be remarkably resistant to the

acute toxicity of potassium and copper, being the more

sensitive the highly adapted species (P. lusitanicus).

Based on evolutionary ecological strategies, this

evidence leads us to propose that a wide environmental

tolerance of the adults may be an advantage for

subterranean colonization events.

Notwithstanding the effect of dissolution in large karst

aquifers that can mask contamination, the long-term

exposition of stygobiotic species to low concentrations

of contaminants may induce sub-lethal effects including

changes in life stages, fecundity, nutrition and diseases

(Chapman 2000). Therefore, in order to avoid the under-

estimation of risks derived from pollution on stygobiontic

species, sub-lethal parameters must be evaluated in

further ecotoxicological studies.

In spite of the wide dispersion of Proasellus

species in Europe groundwater and their relatively

high diversity compared to other stygobionts,

which make them good candidates for ecotoxico-

logical assays, it is important to highlight that their

use has remarkable limitations, mainly due to their

relatively low abundance and low rates of repro-

duction combined with the difficulty of laboratory

breeding. Moreover, the high levels of endemism

in groundwater ecosystems contribute to remark-

able different responses within the same genus,

obligating to use local species to infer the effects

of pollution in the corresponding karst system.

Despite the existing limitations, it is important to

keep in mind the need of overcoming this scien-

tific gap on the sensitiveness of groundwater-

dwelling organisms to contamination, which will

help to define specific environmental quality

thresholds for groundwater ecosystems that will

certainly contribute for their protection.
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