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Kaj je podzemna voda?
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Groundwater is a hidden global keystone ecosystem

Mattia Sacco™?® | Stefano Mammola®*°@ | Florian Altermatt®’® | Roman Alther®’ @ |
Rossano Bolpagni?® | Anton Brancelj®’ ® | David Brankovits>@ | Cene Fiser'®e |
Vasilis Gerovasileiou'?® | Christian Griebler’>® | Simone Guareschi'*** @ |

Grant C_Hnsel®® | Kathrvn Karbel' @ | Flisabeth lictevout’ @ | Flarian Malard® @ |

GROUNDWATER-SURFACE-WATER INTERACTIONS

Groundwater ecosystem services: a review

Christian Griebler' and Maria Avramov'*

'Helmhalts Yentrum Minchen, German Research Center for Envirenmental Health, Institute of Groundwater Ecology,
Land: 1, I 85764 Neuherberg, Germany

Abstract: Our daily life depends on many services delivered by the planet’s ecosystems. Groundwater ecosys-
tems deliver services that are of immense societal and economic value, such as: 1) purification of water and its
storage in good quality for decades and centuries, 2) active biodegradation of anthropogenic contaminants and
inactivation and elimination of pathogens, 3) nutrient recycling, and 4) mitigation of floods and droughts. Many
of these services are directly connected to the presence and activity of specific organisms, microorganisms, or
metazoa. Sustainable protection and r of i 1t g v ecosystemn services will require quan-
titative understanding of processes at dﬂu’ml spatial and temporal scales and assessment of their resistance and
resilience with regard to common anthropogenic impacts. Our review compiles known groundwater ecosysterm
services and, where appropriate, highlights important research gaps.

Key words: ecosystem services, pround water, bindegradation, pathogens, bicindicators, hiodiversity

Griebler & Avramov 2015, Freshwater Science

Zakaj prav podzemna voda?
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Ekosistemske storitve

Ekosistemski procesi

Biodiverziteta
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Biodiverziteta

CAVE LAKE
|

‘ INTERSTITIAL
STOUT

™
Hypothetical Ancestor
(marine interstitial)

LAKE GIANT

10

& 50

INTERSTITIAL
” CAVE STREAM  SLENDER

8. konferenca uciteljev/-ic naravoslovnih predmetov —
NAK 2025



65°N 65°N|.
)
. %
55°N c 55°N}.
. . . | = ;
Biodiverziteta S
©
Q
45°N | 2 45°N}
Q
(7))
o)
@)
35°N 35°N| -
10°W 10°wW  0° 30°E
Species richness Median MLE per cell (100 km)
0 1-5 6-13 14-26 27-39 40-64 65-127 <26 26-6 6-10 10-1515-24 > 24
Zagmaijster et al. 2014, Global Ecology
and Biogeography
gYgYgYgYgYayYayYgyYqy 2GEgYgESIGy
gggggéggg%gg%gégg%g 8. konferenca uciteljev/-ic naravoslovnih predmetov — g%é%ggggggg
59525259525355525  NAK 202 535252535



Nekaj dejstev o mikrobioti

1. Razcvet s splosno uporabo molekularnih metod.

2. Bakterije in arheje se ne taksonomsko ne razlikujejo od tistih, ki jih najdemo v
povrsinskih vodah in vkljuCujejo vse funkcionalne skupine mikrobov.

Biofilmi 3. Vendar (!) z metagenomskimi pristopi najdevamo nove in nove filogenetske linije.
4. FizioloSko prilagojeni na oligotrofne razmere:
- majhne celice
- nizka potreba po energiji
- uCinkovita izraba substrata
- metabolne interakcije

5. Prevladujejo pritrjene celice, gostote celic majhne.

6. Povsod, do temperature 118 °C; po nekateri avtorjih celo do 40% vseh prokariontov.
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Biofilmi
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primeri redoks procesov

glavne funkcionalne
skupine mikrobov

Fillinger et al. 2024 Groundwater Ecology &
Evolution




Procesi

Kljucni procesi

interakcije med mikrobi: od kompeticije do
komplementarne rabe metabolitov

sintrofija

multiple funkcije in oportunisticCna menjava med
njimi

Interakcije med mikrobi in metazoji: objedanje in
prezracevanje
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Procesi

Groundwater harbours impressive diversity of specialised organisms

Fig. 1 Morphology and habitat of sprout-like bacterial communities in
meadow formation in Abslonov kanal of Vjetrenica Cave. The trunk
length of the Typhlogammarus mrazeki amphipod crustacean on mead-
ow formation is approximately 15 mm

Fig. 2 Paraffin section of a single sprout-like community stained with
hematoxylin-eosine, showing an even distribution of bacteria near the
core surface (asterisk), a translucent extracellular matrix (m) in the core
center, arrays of bacterial cells towards the core center (white arrow-
heads), a crust at the surface of the structure (between black arrow-
heads) and filamentous bacteria on the surface of the community
(arrows) (bar=20 pm)

Kostanjsek et al. 2013, Microb. Ecol.
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Samodcistilni procesi

V Groundwater table

—>

Groundwater flow
direction Source zone
Aerobic respiration

Fe3* reduction
Methanogenesis

SO,f‘ reduction

Hydrocarbon
concentration

NO3 reduction

High Low

FIGURE 9.2 Schematic representation of a hydrocarbon plume in groundwater and the vertical arrangement of

P roces | redox processes. (Modified from Meckenstock et al., 2015).
Dokumentirani so samodistlini procesi v Uspeh je odvisen od:
primeru: - Tipa vodonosnika (makro in mezzo)
- Spojin naftnih derivatov - Kumulativnega ucinka onesnazil
- Klorovih organskih spojin - Vpliva mikrobnih interakcij
- Toksicnih kovin in metaloidov - Sintrofije
- Stevilnih onesnaZil v mikropolutantov - Oportune izbire metabolne poti

Fillinger et al. 2024 Groundwater Ecology &
Evolution
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Ogrozenost

1. Nihanje vodostaja — kumulativni ucinek rabe vode in klimatskih sprememb.
2. Vpliv na kvaliteto vode: kumulativni uCinek organskega in anorganskega onesnazenja.
3. Interakcije med nihanjem kvalitete in kvantitete vode.

4. Hitrost razSirjanja onesnazenja in sanacije je odvisna od narave vodonosnika

Ogrozenost
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Ogrozenost "

Ogrozenost

Klimatske spremembe

Freshwater resources
per capita (1000 m?)

12+

10 1

1960 1992 2016

Ripple et al. 2017,
BioScience
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Total water storage anomaly (mm equivalent water height)
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Ogrozenost
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Ogrozenost
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GROUNDWATER QUALITY CHANGES «¢ - LOWERING WATERTABLE

» vertical transport of pollutants * habitat loss
« input of new pollutants & pathogens  change in surface-& TRANSDISCIPLINARY
* physico-chemical changes (T, pH, groundwater connectivity MONITORING & RESEARCH
oxygenation, salinisation) Tttt OF GROUNDWATER
v

:
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1
Impacts on groundwater communities !
1
1

Fiser et al. 2025, Bioscience
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Ogrozenost

kmetijstvo,
industrija,
kanalizacija

Ogrozenost promet,

razlitja,

odlagalisca
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Ogrozenost

Hidrotehnicni
posegi

Ogrozenost
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Ogrozenost

Hidrotehnicni '
posegi A%
680" N 1
v A
Ogrozenost » \
360 3?0 :;; e:;l‘] I:?O“‘:;O 1210 8.0 4‘0 1i0 0‘9 0..:0‘:; :‘:x:‘:m;‘j" Zi3 0i2 0;1
R
‘ﬁ \\,(/i\r):;s;
Zagmajster et al. 2024, Fundamental o/ N
SYovereroYoTeraas and Applied Limnology L/ DR
g%é@g@ég:gggﬁggégfggf 8. konferenca uciteljev/-ic naravoslovnih predmetov — §§§§§§§§§S§
S959595959595959595  NAK 2025 %SES%%SSSE
=SESESESESESESESESA SaSaSaSESES



Ogrozenost - upravljanje

kraske podzemne vode

nekraske podzemne vode

nezasiteno obmodje

River Zelimeljscica

Mah aquifer
us

B3 zasiteno obmotje -
g3

ke
ke

Kraska Slovenija: 43% povrsine

A4 T
Ogrozenost e
UPRAVLJANJE IN VARSTVO:
UPRAVLJANIJE IN VARSTVO: dolgi casovni zamiki, nezmoznost
raznos potencialno skodljivih identifkacije problema in
snovi je prostorsko nepredvidljiv dolgotrajno ciscenje
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Sklepi

1. Podzemne vode so pomemben del vodnega kroga in podpirajo tudi zdrava
povrsSinska vodna telesa.

2. Slovenija je globalna vroca toc¢ka podzemno-vodne favne; ta sestoji pretezno
iz nacionalnih endemitov.

3. Podzemni organizmi vzpostavljajo in ohranjajo ekosistemske procese, vklju¢no s
samodistilnimi procesi.

4. Podzemni organizmi in podzemne vode so izjemno ogrozene.

5. Upravljanje je zahtevno, izobrazevanje ima pomembno vlogo.
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