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Subterranean environment and human history

O 12.000 B.C. (Magdalenian)

(Troglophilus ou Dolichopoda)

Grotte des Trois Freres, Ariege (France)

Bone of Bos primigenius (Auroch)



Subterranean environment and human history

O Greek Mythology

Rhea “Mouther of Mountains”, gives
birth to Zeus, in Dicte Cave.

Hades - king of the underworld




Subterranean environment and human history

O Japanese Mythology

Amaterasu, the goddess of the sun, hides daily in a cave,
circadian rhythm.




Subterranean environment and human history

O Middle Ages

Caves were considered the
gates of hell, guarded by
Cerberus.

Inhabited by fantastic creatures,
including dragons, rooted in
religious thought.

Cérbero, William Blake (1757-1827)
National Gallery of Victoria, Australia

TDraco Helveticus bipes ot alatus

Draco helveticus, in *Mundus subterraneus” (1678)
Athanasius Kircher



First studies cave biodiversity

Jargen Matthias Christian Schigdte

Prof. Zoological Museum, University of
Copenhagen

1839 “Bidrag til den underjordiske Fauna’

1851 “Specimen faunae subterraneae”

SPECIMEN. FAUNE SUBTERRANEE

Bidrag

den underjordiske Fauna -




First studies cave biodiversity

"We accordingly look upon the subterranean faunas
as small ramifications which have penetrated into the
Earth from the geographically limited faunas of the
adjacent tracts, and which, as they extended
themselves into darkness, have been accommodated
to surrounding circumstances. Animals not far remote
from ordinary forms, prepare the transition from light to
darkness. Next follow those that are constructed for
twilight; and, last of all, those destined for total
darkness, and whose formation is quite peculiar.
These remarks of Schiodte's it should be understood,
apply not to the same, but to distinct species.”

In: Charles Darwin (1859) On the Origin of Species.
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Speleobiology

Courtesy Robbie Shone
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97% global resources of freshwater
Available for direct human consumption
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Courtesy Jean-Paul Sounier 11
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Subterranean vs. surface ecosystems

Top
predators

Caves are windows
to the vast dimension of subterranean ecosystems
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Subterranean g Stable temperature
Low organic matter

Darkness

Castafio-Sanchez, Hose & Reboleira (2020) https://doi.org/10.1016/j.chemosphere.2019.125422
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Speleogenesis — Karst

/

Jumtas de

estratificagio
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© Nuno FARINHA | 2010
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Karst areas occupy 15% of Earth’s surface

Source: Ford & Williams, 2007
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Speleogenesis — Hypogenic/epigenic
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Sendra et al. (2014) http://dx.doi.org/10.5038/1827-806X.43.3.2
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Mesovoid Shallow Substrate (MSS) — Colluvium/Alluvium

Eusébio et al. (2021/2023). https://doi.org/10.1016/j.z00l.2021.125931, https://doi.org/10.3897/subtbiol.45.96332
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Volcanic territories

Timanfaya, Lanzarote, Canary Islands
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Speleogenesis — Volcanic territories

Nf;rinha e
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Shallow Subterranean Habitats

Arafo lavafield, 1704

il
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Shallow Subterranean Habitats

20



‘C Ciéncias EGU 24
ULisboa

Shallow Subterranean Habitats
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Shallow Subterranean Habitats

Spatter cones and consolidated cinder cones
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Shallow Subterranean Habitats

Ash and lapilli fields
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Shallow Subterranean Habitats
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Superficial
or Epigean habitats

o \
Subterranean
ShppAmEREs Soil-Ecosystem
Soil-dwelling diplurans
Vadose zone -
Terrestrial Cave-Ecosystem
Cave habitats Cave-dwelling diplurans
. Dafm e /
* Constant temperature \
* Poor organic matter ™
e Higher CO,
« High humidity *
-
-
Water table | =
T H
Saturated zone

Sendra A., Palero F., Jimenez-Valverde A. & Reboleira A.S.P.S. (2020) https://doi.org/10.1093/zoolinnean/zlaall6
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Asellus aquaticus Planina Cave, Slovenia © S. Reboleira




Troglomorphisms

Slow metabolism

Reduced fertility

Lack of circadian rhythm
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Subterranean habitat intrinsic vulnerability

¥

Limited in species

4 Infiltration
>
oot W
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Castafio-Sanchez, Hose & Reboleira (2020) https://doi.org/10.1016/j.chemosphere.2019.125422
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Ecosystem services, threats and conservation

Ecosystem services

Structural level Organisms

Water storage «Water purification
+Energy -Bioturbation

+Buffering floods/drought - Biodiversity-bioindicators
-Habitat refuge

Recreative
«Sport
«Tourism
+Spa-hot spring

Castafio-Sanchez, Hose & Reboleira (2020) https://doi.org/10.1016/j.chemosphere.2019.125422
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Current level of conservation in Europe

Synergies with other regulations
(e.g. Nitrates Directive (96/676/EEC), Invasive Alien Species Reg.)

- Physicocher
valuate ecologlicCal State

- Neglects sul " species

Establish specific conservation measures

30



EGU 24

The main challenge:

Evaluate the impact of anthropogenic
activities in subterranean ecosystems
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Eco(toxico)physiological experiments

Lethal

End point: mortality

Sub-lethal

End point: physiological response

Response (Percent)
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Intolerance | stress | stress | ntclerance

Environmenta! factor
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Recommendations for ecotoxicity testing with stygobiotic species
in the framework of groundwater environmental risk assessment

ECOTOXICITY
TESTING WITH
STYGOBIOTA

{ Sourceof i | Holding
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Di Lorenzo et al. (2019) https://doi.org/10.1016/j.scitotenv.2019.05.03
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Can’t bring the animals
to the Lab?

. bring the Lab to the
CAVE!
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Validation of Lab protocols for groundwater crustaceans

Field collection Lab preparation Test installation Observation
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Castafio-Sanchez et al. 2021. https://doi.org/ 10.3390/w13081132
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Differential sensitivity to contaminants at lethal level

Mortality percentage

mg Diclofenac/ L

Pharmaceutical compound Salt

Castafio-Sanchez, Pereira, Gongalves & Reboleira (2021) https://doi.org/10.1016/j.chemosphere.2021.129911
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Temperature variation in caves

Legend
N Caves
Koppen-Geiger climate map
Description
- Af Tropical - Rainforest
B Am Tropical - Monsoon
Aw Tropical - Savanna
1| BShArid - Steppe - Hot
BSk Arid - Steppe - Cold
I BWh Arid - Desert - Hot
BWk Arid - Desert - Cold
Cfia Temperate - without dry scason - Hot Summer
e Temperate - without dry season - Warm Summer
B Cfc Temperate - without dry season - Cold Summer
Csa Temp Dry S -Hot S
I csb Temperate - Dry Summer - Warm Summer
Cwa Temperate - Dry Winter - Hot Summer
0 Cwb Temperate - Dry Winter - Warm Summer
B Cwc Temperate - Dry Winter - Cold Summer
[0 Dfa Cold - without dry season - Hot Summer
- Dfa Cold - without dry season - Very Cold Winter
Dfb Cold - without dry season - Warm Summer
- Dfe Cold - without dry season - Cold Summer
- Dsa Cold - Dry Summer - Hot Summer
- Dsb Cold - Dry Summer - Warm Summer
- Dsc Cold - Dry Summer - Cold Summer
I Dsd Cold - Dry Summer - Very Cold Winter
Dwa Cold - Dry Winter - Hot Summer
I Dwb Cold - Dry Winter - Warm Summer
I Dwe Cold - Dry Winter - Cold Summer
I Dd Cold - Dry Winter - Very Cold Winter
- EF Polar - Frost

I ET Polar - Tundra

37
Medina et al. (2023) https://www.nature.com/articles/s41598-023-48014-7
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Jazinka Cave in Croatia

Location — Cave —

Surface

Lazareva Cave in Serbia

Temperature variation in caves
and its significance for
subterranean ecosystems

Caves = mean

Temperature (°C)
o

temperature at the
surface
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Response to temperature and salinization at lethal level

Sampling method Selected species

200pm 500um 2mm

—— — — ——————

Harpacticoida Cyclopoida

Syncarida

Testing in darkness

Acute salinity tolerance Thermal tolerance

+« 96 hours « From aquifer temperature to 30°C
« 5 [NaCl] + control « Ramping rate: 1°C / 3 days
« No food + control at aquifer temperature

' Sampling polnt' « Food: natural sediment
' Oyl finity « Medium renewed 2x week
and salin|

Castafio-Sanchez, Hose & Reboleira (2020) https://www.nature.com/articles/s41598-020-69050-7
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Response to temperature and salinization at lethal level
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Castafio-Sanchez, Hose & Reboleira (2020) https://www.nature.com/articles/s41598-020-69050-7
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Thermal acclimation and metabolic scaling of groundwater species
in the climate change scenario (sub-lethal level)

oxygen consumption
as proxy of meta

Oxygen consumption rates did not follow mass-dependent scaling

Di Lorenzo & Reboleira (2022) https://www.nature.com/articles/s41598-022-20891-4
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Response to veterinary and human medicinal products (sub-lethal level)

Groundwater-adapted species
Proasellus lusitanicus exposed to
Acetaminophen
(0—100mg/L)

Duarte, Gravato, Di Lorenzo & Reboleira (2023) https://doi.org/10.1016/j.envpol.2023.121749
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Biodiversity in subarctic caves
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Reboleira et al. (2023) https://doi.org/10.1186/s40793-022-00435-z
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Nutrient-limited subarctic caves harbour more diverse and complex

bacterial communities than their surface soil
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Reboleira et al. (2023) https://doi.org/10.1186/s40793-022-00435-z
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Decomposition of organic matter in caves

Respiration Photosynthesis

Main drivers
of decomposition

- Temperature
- Water availability

» Organic matter quality
- Decomposer community
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Comparable early-stage decomposition
but contrasting underlying drivers between surface and cave habitats
along an elevational gradient

Tenerife Sampling Comparable decomposition

w Surface parameters

Decomposition rate (k) Stabilizing factor (S)

o7

on

054 I
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03 <

024

014

0+ v

Caves Surface

Elevation « .
Sur{a £e ks ' Cave S is associated
T Water associated with with _—
. « Surface ) / ifi
Mild T , specific lWater o ; s:stcelrli;
Temperatures  |Nutrients pacteria i emperature

Bodawatta, Ravn, Oromi, Martin, Michelsen, Poulsen, Jgnsson & Reboleira (2023). https://doi.org/10.1016/j.ecolind.2023.110607
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Conservation needs

» Establishment of thresholds for groundwater pollution — assessment
needs to include biological aspects

» Whole Cycle — Water Dependent Ecosystems

» Holistic Approach — linkages with other policies/sectors, climate change

» Endemic/Local character requires local (but still integrated approach)

47
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?

What is the contribution of the study
subterranean ecosystems for science
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Biogeographic history: living fossils

N “wrecks of ancient life”
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Models for Ecology and Evolution

Host (bat)

Jensen et al. (2019) hitps://doi.org/10.1016/1.iip.2019.107206
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Medicine: new antibiofics

Subarctic caves, Norway, 2019

Reboleira et al. Environmental Microbiome (2022) 1741 Environmental Microbiome
https//dol.org/10.1186/540793-022-00435-2

RESEARCH Open Access

Nutrient-limited subarctic caves harbour
more diverse and complex bacterial
communities than their surface soil

Ana Sofia Reboleira'#", Kasun H. Bodawatta'?, Nynne M. R. Ravn?, Stein-Erik Lauritzen®#,
Rannveig @vrevik Skoglund®, Michael Poulsen®, Anders Michelsen’ and Knud Andreas Jensson®

Abstract
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Strategic resources for life on Earth

Il @ 4 e Groundwater Resources of the World
:
:
!
§
3
3
i
i
i
1
i
|
Groundwater resources groundwater recharge (mmva) Surface water & Geography 4
very hgh . [ v iy 4
st b 100 5 » 3 major river . selacied city }
in major groundwater basins S large freshwater lake country boundary i
In areas with large saltwater lake i
complex hydrogeciogical structure confinuois [oe shuel :
in areas with local and shallow aquifers i

From: https://doi.org/10.1007/978-90-481-3426-7_10
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Titanobochica magna Zaragoza & Reboleira, 2010
Photo: Robbie Shone




Boreviulisoma barrocalense Reboleira & Enghoff, 2013
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Trogleluma machadoi (Vandel, 1946)
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.Omm

7.0kvV  X1,400 Tum ~ WD 15.9mm
Podocampa cf. fragiloides (Silvestri, 1914)




Anténio Lufs dé Campos
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Squamatinia algharbica Mendes & Reboleira, 2012
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Trechus tatai Reboleira & Ortuino, 2010

Trechus gamae Reboleira & Serrano, 2009
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Speonemadus algarvensis Reboleira, Fresneda & Salgado, 2017




Domene lusitanica Reboleira & Oromi, 2011
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Iberoporus pluto Ribera & Reboleira, 2019
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