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ExecuƟve Summary 10 

“Nature” is a widely used but rarely defined term amongst scienƟsts, policy makers, business 11 

leaders and the public. It is at the heart of many important internaƟonal frameworks and 12 

convenƟons that, in turn, shape naƟonal policy and regulaƟon towards the natural 13 

environment. Not only is nature oŌen freely used interchangeably with the term 14 

“biodiversity”, but the abioƟc component is also oŌen poorly understood and frequently 15 

overlooked. 16 

In a world facing widespread ecosystem degradaƟon, shiŌing baseline syndrome and 17 

unsustainable resource use, overlaid by a changing climate and rising sea levels, stakeholders 18 

share a common interest in ensuring that environmental iniƟaƟves apply to the whole of 19 

nature. The current situaƟon of focusing on the bioƟc component without consideraƟon of 20 

the all-important abioƟc features and funcƟons, such as the soil and water and the resulƟng 21 

dynamism and producƟvity of natural systems, is no longer tenable. The key resources 22 

required by bioƟc system come directly from abioƟc features and processes. Pursuit of aligned 23 

bioƟc and abioƟc management and protecƟon, informed by systems thinking and wider 24 

temporal insights, can promote stronger ecosystems, building a robust and evolving plaƞorm 25 

on which all facets of nature can fully funcƟon and thrive (Brazier et al., 2012; Cienciala, 2024). 26 



As a result, more effecƟve management and protecƟon of the whole of the natural 27 

environment will result, alongside a just and sustainable future, in which humans are an 28 

integral player. It is therefore proposed that the IUCN definiƟon of nature, as used in the 2024 29 

draŌ IUCN 20-year Strategic Vision to 2045 (IUCN, 2024), is broadened and strengthened such 30 

that nature is defined as “encompassing both the non-living components (i.e. geodiversity) 31 

and the living components (i.e. biodiversity) of the natural world”.  32 

  33 

IntroducƟon 34 

Many organizaƟons globally and regionally are mobilized for the stewardship of the natural 35 

world. Heightened awareness of shared challenges ranging from climate change, sea-level 36 

rise, biodiversity loss, land use change and unsustainable resource use has led to the 37 

development of a series of internaƟonal frameworks and convenƟons for the protecƟon and 38 

restoraƟon of the Earth (United NaƟons Framework ConvenƟon on Climate Change, 39 

ConvenƟon on Biological Diversity, UN ConvenƟon to Combat DeserƟficaƟon, UN Sustainable 40 

Development Goals). In turn, these have triggered cascading regional and naƟonal policies, 41 

regulaƟons and reporƟng obligaƟons catalysing this stewardship ambiƟon at ever more local 42 

levels. IniƟaƟves to opƟmize financial flows and economic acƟvity contribuƟng to the 43 

conservaƟon and restoraƟon of the natural world have been framed under the terms “natural 44 

capital” and “ecosystem services”. 45 

 46 

“Nature” is a central noƟon in all these accords and instruments. It is, however, rarely defined 47 

by scienƟsts, or in the framework of these conversaƟons (Ducarme & Couvet, 2020). In 48 

addiƟon, much of the work addressing the natural world is led in English and built on Western 49 

scienƟfic principles.  50 

 51 



PoliƟcians, business and thought leaders increasingly talk about sustainability and the natural 52 

environment. However, it can be observed that their rhetoric switches seamlessly between 53 

the use of the terms “nature” and “biodiversity” (European Commission, 2020 and 2022). This 54 

follows a precedent set by popular and scienƟfic literature as noted by Gray (2018). A new 55 

generalized, but incomplete, noƟon of nature is now widely accepted and employed. In this, 56 

although the bioƟc element remains anchored in debate with the use of the term biodiversity, 57 

nature’s abioƟc components are marginalized; in pracƟce their direct connecƟon with the 58 

bioƟc elements goes unrecognised, as does the funcƟonal interdependence of bio and geo 59 

systems.  60 

 61 

It is interesting to consider the sparse definitions of nature used by international bodies. IPBES 62 

defines nature as either “the natural world with an emphasis on its living components” or “the 63 

natural world, with particular emphasis on biodiversity” (Nature | IPBES Secretariat, n.d.). In 64 

contrast, the IUCN position towards nature has evolved over time. Initially IUCN protected 65 

areas were defined only as relating to biological conservation. Since 2008, however, the 66 

notion of geoconservation has been incorporated in IUCN World Conservation Congress 67 

resolutions in 2008, 2012, 2016 and 2021  (Monge-Ganuzas et al., 2024; Woo et al., 2015). Its 68 

inclusion is, however, conditional, as exemplified in the definition of nature presented by the 69 

IUCN in its Best Practice Protected Area Guidelines Series No 21: “…nature always refers to 70 

biodiversity, at genetic, species and ecosystem level, and often also refers to geodiversity, 71 

landform and broader natural values” (Dudley, 2008). The 20-year IUCN Strategic Vision 72 

submitted for member consultation during 2024 uses a further variation on the definition of 73 

nature, such that it encompasses “both the non-living and the living components (i.e. 74 

biodiversity) of the natural world”. Despite the comparatively inclusive definition of nature, 75 

the draft strategy makes no further reference to non-living nature, geodiversity or 76 



geoheritage (IUCN, 2024). These documents demonstrate an important but incomplete 77 

progress. Interestingly, there is a tacit acceptance of the significance of geodiversity by 78 

conservation bodies internationally, including the World Heritage Committee, as has been 79 

demonstrated through the recognition of numerous sites solely or substantially for their 80 

geological heritage and active geomorphological processes (Figure 1).  81 

 82 

Increasingly, awareness is being raised about the importance of transdisciplinary systems 83 

thinking, given the varied challenges faced by society today (Steffen et al., 2020). This is an 84 

approach that is inherent to the geosciences and is built on the understanding of the Earth 85 

and its processes, past, present and future, over human- and deep- timescales. Given that 86 

nature fundamentally incorporates biotic and abiotic elements, it is timely to further 87 

strengthen its definition such that these two components are systematically present and 88 

acknowledged. This will pave the way for a consistent, integrated and holistic position to be 89 

established towards the natural world to maximise its protection, conservation and 90 

restoration (Gordon et al., 2018; Justice, 2024; Scorpio et al., 2020).  91 

 92 

History – How did we get here? 93 

Religious, social and intellectual developments since the Greeks and Romans have 94 

incrementally set the scene for the development of western scienƟfic tradiƟon towards nature 95 

(Bowler, 1992). Pivotal thinkers emerging since the 18th century, such as Alexander von 96 

Humboldt (1769-1859), James HuƩon (1726-1797) and Charles Darwin (1809-1892), 97 

produced remarkable observaƟons and theories about the natural world spanning geology, 98 

biology, astronomy, meteorology, oceanography and more. Important examples include Von 99 

Humboldt’s use of detailed empirical evidence to describe the relaƟonship between 100 

vegetaƟon and the abioƟc environment over large spaƟal scales and in different ecosystems 101 



(Schrodt, Santos, et al., 2019; von Humboldt & Bonpland, 1807). This early natural science 102 

tradiƟon firmly excluded the wider value and percepƟon of nature derived from religious and 103 

philosophical tradiƟons. Its proponents viewed the whole Earth as a system with many 104 

spheres, interconnecƟons and relaƟonships (Figure 2). 105 

 106 

The applicaƟon of scienƟfic method to gain a deeper, factual understanding of the world led 107 

to intense specialisaƟon within the sciences. Despite this trend, certain scienƟsts maintained 108 

a whole-picture perspecƟve, as demonstrated for example by the research of V. Vernadsky 109 

(1863-1945) into the influence of biological processes on subsurface geochemistry, or 110 

importantly the definiƟon of the ecosystem formulated by Tansley, (1935), as a “whole system 111 

(in the sense of physics), including not only the organism-complex, but also the whole complex 112 

of physical factors forming what we call the environment of the biome – the habitat factors in 113 

the widest sense”. These cross-disciplinary scienƟfic posiƟons, born through consideraƟon of 114 

all aspects of nature, bioƟc and abioƟc, use a systems approach to explore the breadth of 115 

relaƟonships and interacƟons of the natural world. 116 

 117 

What is the abioƟc component of nature, why is it important? 118 

AbioƟc nature can also be referred to as  geodiversity, defined as “the natural range (diversity) 119 

of geological (rocks, minerals, fossils), geomorphological (landforms, topography, physical 120 

processes), soil and hydrological features. It includes their assemblages, structures, systems 121 

and contribuƟons to landscapes” (Gray, 2013). It provides a range of benefits for nature and 122 

for people and is considered to have intrinsic, economic, cultural, aestheƟc and ecological 123 

values (Brilha et al., 2018; Gordon et al., 2018).  124 

 125 



For more than fiŌy years the need to protect and sustainably manage geodiversity has been 126 

internaƟonally recognised (Brilha, 2022). However, it is notable that since the establishment 127 

of the ConvenƟon on Biological Diversity (CBD) at the Rio Earth Summit in 1992 strong 128 

internaƟonal efforts concerning geodiversity and its conservaƟon have been made (Figure 3). 129 

Within the IUCN World Commission on Protected Areas, geodiversity has assumed an 130 

increasingly important role since it was officially included within the aims of protected areas 131 

in 2008. ConservaƟon of geodiversity featured in a series of World ConservaƟon Congress 132 

resoluƟons in 2008, 2012, 2016 and 2021. A dedicated specialist group was established in 133 

2013, with a conƟnuing programme of work (Vogel et al., 2018), including development of the 134 

Key Geoheritage Area concept (Woo et al., 2022). Furthermore, pracƟcal guidelines have been 135 

issued by the IUCN to help protected and conserved area managers understand and 136 

implement the conservaƟon of geoheritage - those parts of geodiversity selected for 137 

conservaƟon. Indeed, the heritage value of geodiversity can be so significant that someƟmes 138 

it jusƟfies conservaƟon, even if there is no significant link with biodiversity, i.e. 139 

geoconservaƟon.        140 

The significant interest in abioƟc nature is reflected by an increase in published scienƟfic 141 

literature, much of which has been achieved amongst a community of geodiversity, 142 

geoheritage and geoconservaƟon specialists (Gray, 2023). It must be stressed that biological 143 

conservaƟon measures do not inherently protect geodiversity unless changes to the 144 

geodiversity have been idenƟfied as a key threat to biodiversity. In general, therefore, exisƟng 145 

biological conservaƟon approaches cannot be used as a proxy for achieving geoconservaƟon. 146 

Natural heritage conservaƟon and management can differ when decisions are made only from 147 

a bioƟc perspecƟve compared to using a combined bioƟc and abioƟc approach (JusƟce, 2024). 148 

It is also recognised that geoheritage management can be important for ensuring funcƟonal 149 

links within ecosystems (CroŌs et al., 2020). 150 



 151 

A smaller number of publicaƟons have appeared in wider circles, which discuss the 152 

importance of applying a holisƟc view of nature, one that includes geodiversity, to strengthen 153 

policy and conservaƟon efforts (Gordon et al., 2018; Hunter Jr et al., 1988; Lawler et al., 2015; 154 

MaƩhews, 2014; Tukiainen & Bailey, 2023). PracƟcal methods and metrics for categorizing 155 

and assessing geodiversity to support comprehensive nature management and policy are 156 

being developed (Hjort et al., 2024; Schrodt, Bailey, et al., 2019; Schrodt et al., 2024). The 157 

establishment of an internaƟonal definiƟon of nature, one that incorporates both the bioƟc 158 

and abioƟc elements, is an important first step in moving towards integrated nature 159 

conservaƟon; an approach that can strengthen contribuƟons to the CBD Kunming-Montreal 160 

Global Biodiversity Framework including the 30x30 target for 2030, the Agenda 2030 161 

Sustainable Development Goals and the Paris Agreement on climate change.  162 

 163 

BioƟc – AbioƟc Interdependence in Nature 164 

Working from a big-picture, systems perspecƟve, the inherent interdependency of bioƟc and 165 

abioƟc nature is well established.  This two-way relaƟonship (Lawler et al., 2015; Tukiainen et 166 

al., 2023) has been demonstrated to extend back over geological Ɵme (Benton, 2009; Hallam, 167 

1974; Salles et al., 2023; ValenƟne & Moores, 1970) and will conƟnue into the future. A 168 

growing number of interdisciplinary research teams are invesƟgaƟng the fundamental 169 

relaƟonships between geodiversity and biodiversity. 170 

 171 

Geodiversity, for example supports biodiversity in many ways, such as by shaping climate (at 172 

all scales), providing landforms, habitats and niches, controlling the hydrology, determining 173 

sediment and nutrient fluxes and through extreme disturbances, such as landslides, creaƟng 174 

habitat heterogeneity and impacƟng community dynamics (Antonelli et al., 2018; Kaskela & 175 



KoƟlainen, 2017; Opedal et al., 2015). The interdependency can be observed at different 176 

scales and Ɵmeframes, on land, in wetlands, lakes and rivers but also in the oceans (Harris & 177 

Baker, 2020; Salles et al., 2023). Biodiversity is highly controlled by geodiversity notably 178 

through energy, water and nutrient availability (Hupp & Osterkamp, 1996; Kozłowska & 179 

Rączkowska, 2002). As a consequence, high geodiversity can correlate to high species richness 180 

and biological diversity (Hjort et al., 2022; Toivanen et al., 2019), recent work has further 181 

linked trait diversity, another biodiversity metric, to geodiversity (Vernham et al., 2023). There 182 

are rare excepƟons, such as acƟve volcanic areas which have high geodiversity but low 183 

biodiversity, or high biodiversity yet low geodiversity such as lowland tropical forests (Gordon 184 

et al., 2022). Figure 4 presents examples of geological and geomorphological features that 185 

support biodiversity at different scales and environmental seƫngs.  186 

 187 

BioƟc nature by turn transforms the geosphere. For example, biogeomorphological studies 188 

examine ecological and geomorphological interacƟons to address quesƟons such as the 189 

geomorphological signature of life, or indeed how important is biodiversity to landscape 190 

evoluƟon and vice versa (Viles, 2020).  One significant example is the great oxygenaƟon event 191 

2.4 billion years ago when O2 rose to permanent prominence in the atmosphere and surface 192 

ocean (Olejarz et al., 2021). Driven by cyanobacterial photosynthesis it completely changed 193 

chemical interacƟons with Earth substrates and transformed weathering, deposiƟon and the 194 

availability of elements for bioƟc nature e.g. the formaƟon of red beds, as well as giving rise 195 

to an incredible diversity of minerals in oxidised form (Hazen, 2010). At a different scale, within 196 

the modern environment, plants can generate strong soil heterogeneity through their 197 

chemical signatures (Waring et al., 2015). 198 

 199 



Soil is an excellent example of a natural asset that is both bioƟc and abioƟc. The abioƟc 200 

geochemical processes that transform the base material of rocks and sediments into soil 201 

provide a habitat for the development of microorganisms, such as mycorrhiza, as well as the 202 

basis for plant growth (Bockheim, 2014; Darmody et al., 2004; Hulshof & Spasojevic, 2020).  203 

Furthermore, soil health in itself is assured not only by soil-living organisms, but also by 204 

animals with other behaviours, such as, browsing and grazing (Schmitz et al., 2018). 205 

 206 

The profound links between bioƟc and abioƟc nature are the basis for integrated conservaƟon 207 

approaches, such as the Conserving Nature’s Stage or “CNS” concept (Beier et al., 2015; 208 

Gordon et al., 2022). CNS is a metaphor for the interlinked, interdependent relaƟonship 209 

between geodiversity as the stage, scenery and props upon which biodiversity as the many 210 

actors, perform.  The play is only a success because the stage and the actors are an ensemble, 211 

as is the case for geodiversity and biodiversity in nature. These interdependencies are central 212 

to the CNS concept which is advocated as the basis for a coarse-filter approach for conserving 213 

biodiversity (Beier et al., 2015; Miller et al., 2024), but which by extension offers a holisƟc 214 

approach for conservaƟon of geodiversity and biodiversity recognising the connecƟons across 215 

a range of scales from global to local (Bailey et al., 2017; Tukiainen et al., 2017; Zarnetske et 216 

al., 2019).  While species and communiƟes may change, conserving geodiversity and making 217 

space for natural processes that enhance landscape heterogeneity enhances opportuniƟes for 218 

biodiversity to adapt or relocate under both current and future climates (see below). However, 219 

it is essenƟal to underline that Nature’s stage in CNS is far from staƟc; geodiversity gives rise 220 

to incredible variaƟons in physical environments and fluxes over space and Ɵme, responding 221 

to geomorphological processes and disturbance regimes of different magnitudes and 222 

frequencies which contribute to landscape heterogeneity and ecosystem funcƟoning (Brazier 223 

et al., 2012; Cienciala, 2024). 224 



Since the emergence of the concept of CNS, the large body of research work has not only 225 

established the wealth of connections between biotic and abiotic nature, but also the 226 

potential of the CNS approach for enhanced nature conservation (Miller et al., 2024).  227 

The argument for applying an integrated approach to nature is further confirmed through the 228 

impact of initiatives such as UNESCO Global Geoparks (UGGps), established by UNESCO and 229 

the Global Geoparks Network in 2015. This young UNESCO designation applies to regions 230 

whose sites and landscapes of international geological significance are the motor for natural, 231 

cultural and intangible heritage conservation, education and sustainable development 232 

(UNESCO Global Geoparks | UNESCO, n.d.). Although not systematically considered to be 233 

protected areas, UNESCO Global Geoparks integrate geodiversity throughout their 234 

workstreams and are regions where holistic nature conservation and management 235 

approaches are successfully applied (Justice, 2024). Other traditional protected area 236 

approaches, such as mixed World Heritage listings under criterion (viii) with criterion (ix) 237 

and/or criterion (x), also underscore the value of taking an integrated view of nature. 238 

Although the importance of geodiversity in nature is well documented in scientific literature 239 

and emerging examples demonstrate the scope for this approach, its systematic introduction 240 

into nature policy and conservation methods is still to be achieved (Matthews, 2014; 241 

Tukiainen & Bailey, 2023).  242 

Attitudes towards nature have however evolved, leading for example to the development 243 

approach known as Nature-based Solutions (NbS). This integrates people and nature and is 244 

defined by the IUCN as “actions to protect, sustainably manage and restore natural or 245 

modified ecosystems, which address societal challenges (e.g. climate change, food and water 246 

security or natural disasters) effectively and adaptively, while simultaneously providing 247 



human well-being and biodiversity benefits” (Cohen-Shacham et al., 2016).  Working with an 248 

ecosystem approach and drawing on Earth’s natural processes, projects designed using an 249 

NbS are lauded for their successes in reducing costs, providing longer-term solutions than 250 

traditional engineering whilst also delivering biodiversity gains. Although full consultation 251 

around a scheme may determine its on-balance benefits, the role of geodiversity in these 252 

large-scale infrastructure developments appears little considered in site assessments, 253 

particularly in downstream aspects e.g. sand, silt and gravel sourcing (Staudt et al., 2021). 254 

Labelled “mega-nourishment” projects, coastal protection is achieved by extracting millions 255 

of cubic metres of non-renewable material from the seabed, or on land, that has permanent 256 

impacts on source site integrity and dynamics (Herman et al., 2021). These examples further 257 

underscore that a holistic approach towards nature is crucial.  258 

Climate Change Resilience 259 

ModificaƟon of the natural environment in response to modern climate change is already 260 

being observed (IPCC, 2021). From a bioƟc perspecƟve, community composiƟon and species 261 

range are impacted, as too are ecosystems. Concerning the abioƟc element, climate change is 262 

altering sedimentary and geomorphic processes although widespread measurement of the 263 

effects remains challenging, it is already well documented in the cryosphere (East et al., 2022; 264 

IPCC, 2019). Given that a healthy and diverse geosphere can foster a healthy and diverse 265 

biosphere, and vice versa, applicaƟon of an integrated understanding of nature for 266 

conservaƟon and management should result in the highest possible natural diversity and thus 267 

greatest resilience to change (Anderson et al., 2014, 2023; Dudley, 2008; Knudson et al., 2018; 268 

Theobald et al., 2015). The IUCN best pracƟce guidelines “Applying Protected Area 269 

Management Categories, N° 21” includes informaƟon on planning for climate change. In this 270 

context, advice is given to protected area managers to connect protected areas though 271 



corridors and networks in order to facilitate the movement of species. Frequently these 272 

corridors are abioƟc components of nature such as topographic relief, structural and 273 

lithological features, or geomorphological systems and hydrological systems. The guidelines 274 

further call to use a greater biogeographical range when establishing a protected area, where 275 

biogeography is inherently linking the bioƟc and abioƟc. Hence using a holisƟc noƟon of 276 

nature to inform management decisions can systemaƟcally increase climate resilience 277 

(Sanderson et al., 2015). This is essenƟally founded on a CNS approach in which the physical 278 

template (geodiversity) forms the foundaƟons of most habitats in terrestrial and marine 279 

environments (Beier et al., 2015). As species and community composiƟons shiŌ in response 280 

to climate change, conserving areas of high geodiversity and specific niches (e.g. hot springs 281 

and limestone pavements), and maintaining the geomorphological processes that enhance 282 

landscape heterogeneity, will help to sustain robust protected area networks. These should 283 

provide suitable environmental mosaics and corridors to assist the adapƟve capacity and 284 

hence resilience of biodiversity in the face of climate change (Anderson et al., 2014, 2023; 285 

Gross et al., 2017; Theobald et al., 2015). Such an approach involves planning for change and 286 

a shiŌ from short-term preservaƟon to protecƟng areas with a high probability of harbouring 287 

high biodiversity in the future and can help inform the design and management of protected 288 

area networks under changing climate, including idenƟficaƟon of gaps or biases and localiƟes 289 

for new protected areas as species ranges change (Miller et al., 2024; Zhu et al., 2021). 290 

A region with high geodiversity provides a mosaic of niches and habitats, that can be further 291 

mulƟplied by seasonal fluctuaƟons or extreme events within the same locaƟon (Parks & 292 

Mulligan, 2010). Areas of high abioƟc diversity can therefore contribute to the resilience and 293 

adaptaƟon of biodiversity to climate change by providing environmental connecƟons or 294 

climate refugia (Hjort et al., 2015). Likewise, faced with extreme winds, changing precipitaƟon 295 

paƩerns or floods, the resilience of the geosphere can be strengthened by biological diversity, 296 



for example through the resistance to coastal erosion provided by mangroves (Menéndez et 297 

al., 2020). Furthermore, integrated conservaƟon can ensure that organic soils, peat and 298 

coastal and marine ecosystems and sedimentary systems conƟnue to play an important role 299 

in climate regulaƟon through their role in carbon sequestraƟon and storage (Atwood et al., 300 

2020; Beaulne et al., 2021; Beaumont et al., 2014; Smeaton et al., 2021). 301 

 302 

Cultural and Spiritual Values of Nature 303 

The separaƟon of people and nature observed in Western civilisaƟon has generally not 304 

occurred in other world cultures. However, Western tradiƟons have influenced internaƟonal 305 

management pracƟces, and the insƟtuƟonal need to reconcile cultural and natural 306 

conservaƟon is recognised (Verschuuren et al., 2021). It may be argued that the ambiƟon to 307 

develop stronger links between culture and nature can be accelerated by using a fully 308 

comprehensive definiƟon of nature, that embraces the importance of non-living diversity 309 

(Ducarme & Couvet, 2020). This in turn is coherent with reasoning that led to the evoluƟon of 310 

the 1997 IUCN protected area definiƟon into the current formulaƟon, that incorporates 311 

geodiversity, as approved in 2008. Not only does the IUCN explicitly represent nature as a 312 

whole, as evidenced by the Ɵtle of the organisaƟon, but this change also recognised the 313 

fundamental contribuƟon brought by the views and pracƟces of many Indigenous Peoples 314 

towards the natural world, that fall outside the bounds of tradiƟonal conservaƟon ecology.  315 

For example, many natural features such as rock outcrops and caves have sacred values and 316 

cultural meanings (CroŌs et al., 2020; Kiernan, 2015), while many also have been sources of 317 

inspiraƟon for art, literature and poetry and provided the foundaƟon for landscape character 318 

and people’s sense of place (Gordon, 2018; Reynard & GiusƟ, 2018). 319 

Reflected by economic, social, religious and philosophical approaches, the complex, 320 

intertwined integrity of nature remains intact in the majority of worldviews; a holisƟc 321 



relaƟonship that is echoed by the majority of world languages. Around the Earth, the intrinsic 322 

value of nature and its profound spiritual and cultural significance is firmly built on both 323 

abioƟc and bioƟc elements.  InteresƟngly, the IUCN protected area category III for “natural 324 

monuments” includes not infrequently both geographical or geological features (e.g., rock 325 

outcrops) and sacred natural sites. Further examples are provided in the table below 326 

demonstraƟng imbricated heritage recogniƟon: 327 

 Heritage 
Site Geological Biological Cultural and Spiritual 
Kilimanjaro NaƟonal Park, 
Tanzania 
 
World Heritage, Natural 
Site. 

Diverse abioƟc heritage. 
Largest freestanding 
mountain in the world, a 
stratovolcano, last acƟve in 
the Pleistocene. Ice-core 
records of climate change. 

Large scale ecological 
processes with 
characterisƟc ecosystems 
including rare and endemic 
species.  

The traditional Chagga 
religion posits that the 
sacred spirit Ruwa, is 
embodied by the mountain  
and the sun, and pervades 
all aspects of the world 
including plants and 
animals (Clack, 2011). 
 

Uluru-Kata Tjuta NaƟonal 
Park, Australia 
 
World Heritage, Cultural, 
TradiƟonal, AestheƟc, 
Geological Site.  

The sandstone monolith of 
Uluru and the conglomerate 
domes of Kata Tjuta, rise 
abruptly above the 
surrounding sandplains and 
woodland. The inselbergs 
are outstanding examples of 
tectonic, geochemical and 
geomorphic processes and 
reflect the age, and 
relaƟvely stable nature, of 
the Australian conƟnent. 
Uluru and Kata Tjuta are 
surrounded by red sand 
dunes, sand plains and 
alluvium deposits. 

The main species found in 
Uluru and Kata Tjuta are 
Puli-ili (naƟve fig), Arnguli 
(plum bush) and Mintjingka 
(naƟve fuchsia). These can 
be found in common 
habitats within the reserve, 
such as PuƟ (woodlands) 
and Karu (creek beds and 
gullies). Vulnerable or rare 
flora and fauna include 
Cymbopogon dependens 
(naƟve lemongrass), Delam 
pax (legless lizard) and 
Egernia kintorei (Great 
Desert skink). 

This iconic sacred site is an 
integral part of local Anangu 
cultural and spiritual 
traditions, creation stories 
and customary law 
(Tjukurpa). The Tjukurpa is 
an outstanding example of 
traditional law and 
spirituality and reflects the 
relationships between 
people, plants, animals and 
the physical features of the 
land. 

Majella NaƟonal Park, Italy 
 
UNESCO Global Geopark. 

Mountains consƟtuted by 
an imbricate fan of thrust 
sheets transported towards 
the AdriaƟc between about 
5.5 Ma and the early 
Pleistocene (1.8 Ma). Made 
up of the Mesozoic-TerƟary 
plaƞorm-and-basin-derived 
carbonate sequences 
capped by siliciclasƟc flysch 
deposits, sedimentary 
structures and fossil content 
aƩest a long period of 
sedimentaƟon in warm, 
shallow, marine 
environments, as in the 
present-day Bahamas and 
Persian Gulf. 

An important biodiversity 
refuge with over 78% of the 
species of mammals (except 
Cetaceans) living in Abruzzi, 
and over 45% of the Italian 
species. With more than 
2000 florisƟc species, the 
Park hosts 65 % flora of 
Abruzzo region, 37 % of Italy 
and 22 % of the European 
species (Majella NaƟonal 
Park 2011). VegetaƟon in 
Majella is divided into 
several disƟnct forest types. 
Each forest type has 
characterisƟc tree species 
composiƟon. 

A sacred mountain since 
time immemorial, the area 
is characterised by a layered 
cultural and spiritual 
heritage shaped by human-
environment interaction. 
Spiritual significance is 
attributed to the entire 
Majella Massif as well as to 
smaller features, especially 
grottos. Many caves were 
used already in pre-
Christian times as dwellings, 
burials, worship sites, and 
shelters for mobile 
pastoralism 
(transhumance). After 
Christianization, they have 
been revered as hermitages 
and sites of divine 
apparitions.  
 



 328 

RecogniƟon of the importance of Indigenous people’s knowledge of, cohabitaƟon with, and 329 

contribuƟon to nature has been acknowledged and for example is acƟvely being used to shape 330 

responses to biodiversity loss and climate change (PonƟfical Academy of Sciences and the 331 

PonƟfical Academy of Social Sciences, 2024). Equally, approaches to the conservaƟon of 332 

abioƟc sites can be diversified and strengthened by including Indigenous communiƟes in 333 

protected area management, as demonstrated in the recent inscripƟon of AnƟcosƟ Island, 334 

Quebec, Canada on the World Heritage list (UNESCO World Heritage Centre, n.d.). Examples 335 

provided by Verschuuren et al. (2021) and Brierley et al. (2023) illustrate how cultural and 336 

spiritual approaches to both bioƟc and abioƟc nature by Indigenous peoples contribute 337 

through adapted governance structures to stronger natural heritage management.  338 

Of fundamental importance, however, are the benefits that an integrated approach to nature 339 

can bring to the world’s populaƟon, contribuƟng to a just future for humanity, notably for 340 

those most in need. Robust environmental protecƟon of the environment and effecƟve 341 

climate change resilience developed on an integrated bioƟc-abioƟc approach to nature can 342 

increase the impact of responses under the United NaƟons’ 17 Sustainable Development 343 

Goals which seek to end poverty, protect the planet, and ensure that by 2030 all people enjoy 344 

peace and prosperity (Gill & Smith, 2021; United NaƟons, n.d.). 345 

The Great Debate – the Value of Nature 346 

Outside the natural sciences and conservaƟon arena, governments and the private sector, for 347 

example, have started to work with nature, adopƟng the concepts of natural capital (Helm, 348 

2015) and ecosystem services (Costanza et al., 1997; Ehrlich & Mooney, 1983) to quanƟfy 349 

nature and its services for humanity. Ascribing an economic value to nature has improved its 350 

visibility and integraƟon by varied parƟes such as the European Commission, the World Bank, 351 

non-governmental organisaƟons and increasingly corporates (European Commission, n.d.; 352 



World Bank, n.d.). This in turn has led to nature being introduced into non-financial 353 

sustainable reporƟng iniƟaƟves worldwide, for example by the InternaƟonal AccounƟng 354 

Standards Board, the European Financial ReporƟng Advisory Group or the US SecuriƟes and 355 

Exchange Commission. This development has focused the aƩenƟon of the financial and 356 

business sector on nature, but one that is built around interpretaƟons of its direct or indirect 357 

economic value (United NaƟons Environment Programme, 2023). Using AI to process big data, 358 

sophisƟcated commercial assessments are being made of direct and indirect stakeholder 359 

interacƟon with the natural world. These valuaƟons are inherently sensiƟve to the 360 

assumpƟons used to represent nature, which underscores the importance that all parƟes— 361 

government, conservaƟonists, and business— work with a common definiƟon of nature. This 362 

is crucial given that private sector decisions can provoke significant capital flows with direct 363 

impacts, posiƟve and negaƟve, on the natural world. 364 

Within academic circles it is considered that natural capital generally includes abioƟc nature  365 

(Gray, 2018) and in contrast, the noƟon of ecosystem services is developed principally around 366 

bioƟc nature (Brilha et al., 2018). However, in pracƟce in the public and private sector both 367 

approaches generally emphasise the bioƟc element of nature (Capitals CoaliƟon, n.d.; S&P 368 

Global, 2024), to the exclusion of the abioƟc.  369 

Use of non-renewable resources 370 

Non-renewable abiotic resources are used abundantly to fuel economic growth; for example 371 

the current drive toward a sustainable, low-carbon future relies heavily on the use of rare 372 

earth elements.In 2022 the United Nations Environment Programme reported that 50 billion 373 

tons of sand and gravel are mined or extracted each year (UNEP, 2022), which exceed rates 374 

of natural replenishment (Hackney et al., 2021; Peduzzi, 2014). International resolutions have 375 

been established to address this consumption and its ecosystem impacts, (IUCN, 2020; United 376 



Nations Environment Assembly, 2022). However, intense use of non-renewable resources 377 

continues (Chase-Lubitz, 2024). 378 

 379 

Another component of geodiversity, groundwater, is managed to support human activity. 380 

Generalised, persistent subsidence due to anthropogenic action, notably extraction, is well 381 

documented (Karegar et al., 2016) with studies identifying impacts on biodiversity, economy, 382 

and society (Keith et al., 2020; United Nations Environment Assembly, 2022). Similarly, 383 

degradation of biotic communities, such as grassland ecosystems, can influence the recharge 384 

rates of groundwater. The incursion of saline waters, loss of aquifer storage capacity, habitat 385 

loss, rising sea level as well as exposure to extreme weather events can have far reaching and 386 

persistent consequences on ecosystems and biodiversity. Earth system assessments do not 387 

incorporate this type of driver (Ohenhen et al., 2023). An integrated definition of nature 388 

would support a more comprehensive approach to investigate and understand the natural 389 

world and wise use of non-renewable resources. 390 

Conclusions 391 

Advances are being made in the conservation and management of biodiversity and 392 

ecosystems, as well as in environmental education outside technical and academic realms. 393 

This is demonstrated by the general progress made towards the Global Biodiversity 394 

Framework and the 2030 30x30 goal (Gurney et al., 2023). However, an integrated definition 395 

of nature, where both geodiversity and biodiversity are systematically included, would 396 

strengthen the whole-ecosystem approach to conservation, to improve not only conservation 397 

outcomes, but also wider positive environmental and societal outcomes on land and in the 398 

oceans.  399 

In anticipation of future climatic and other anthropogenic stresses, a stronger functionally 400 

integrated Earth system can offer greater opportunity for all of nature to persist. It is essential 401 



that our reference for the environment is updated and that all stakeholders define nature 402 

such that it “refers to biodiversity at genetic, species and ecosystem level, to all the dynamic 403 

processes and features of geodiversity, and to all their interactions”; and in shortened form 404 

building on the definition used in the 2024 draft IUCN 20-year Strategic Vision to 2045, that 405 

nature is defined as “encompassing both the non-living components (i.e. geodiversity) and the 406 

living components (i.e. biodiversity) of the natural world”. 407 

 408 

 409 
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Figure 1: Examples of protected areas recognised wholly or substanƟally for their geodiversity. 413 
(a) Siccar Point Site of Special ScienƟfic Interest, UK. The site vividly demonstrates a 55-million-414 
year disconƟnuity in the geological record between two different sets of rocks and was 415 
discovered by geologist James HuƩon in 1788; it supports HuƩon’s theory of deep Ɵme and 416 
Earth’s long and dynamic geological history © J. Gordon. (b) The Swiss Tectonic Area Sardona, 417 
Switzerland, is inscribed on the World Heritage list under criterion viii. A key site for geological 418 
research, it has significantly contributed to understanding the dynamics of plate tectonics and 419 
the formaƟon of the Alps © G. Regolini. (c) Los Glaciares NaƟonal Park, ArgenƟna, where the 420 
largest ice cap outside of AntarcƟca and Greenland, approximately 2,600 km2, is associated 421 
with a diverse range of geomorphological processes, glacial features and subject to a changing 422 
climate. Image shows Laguna Torre © J. Gordon. 423 
 424 
Figure 2: Physical DescripƟon of the Andes and Neighbouring Regions by A. von Humboldt, 425 
(1807). This figure shows how von Humboldt’s meƟculous observaƟons and illustraƟons laid 426 
the groundwork for understanding the geography, geology, and natural history of the region. 427 
Courtesy of Peter H. Raven Library/Missouri Botanical Garden (CC BY-NC-SA 4.0). 428 
 429 
Figure 3: The Ɵmeline of major internaƟonal iniƟaƟves related to geoconservaƟon and 430 
geoheritage. From Brilha, 2022, (CC BY-NC 4.0). 431 
 432 
Figure 4: Examples of geological and geomorphological features that support biodiversity at 433 
different scales and in different environmental seƫngs. a. Joints and fissures in limestone 434 
pavement in Ingleborough NaƟonal Nature Reserve, northern England, provide habitat for 435 
vascular plants, bryophytes, lichens and insects. b. The landscape of Qeqertarsuaq (Disko 436 
Island), West Greenland, is dominated by Palaeocene basalt mountains, plateaux and steep 437 
glacial valleys with moraines, glacial outwash and talus slopes, which support herb, shrub, 438 
heath, fellfield and snowpatch vegetaƟon on soils underlain by permafrost and subject to 439 
soliflucƟon and frost disturbance. c. The huge range in alƟtude and geology supports a variety 440 



of ecosystems in the Grand Canyon, USA, including riverine at the lowest elevaƟons, through 441 
to boreal and pine forests at the higher elevaƟons, as well as juniper woodland and deserts. 442 
d. Table Mountain NaƟonal Park forms part of the internaƟonally important Cape FlorisƟc 443 
Region. Geology, topography and climate have played an important role in the evoluƟon and 444 
distribuƟon of the fynbos vegetaƟon mainly developed on nutrient-poor, acidic soils derived 445 
from the sandstone rocks that form the core of the park. e. Getbol, Korean Tidal Flats World 446 
Heritage Site represents an outstanding example of island-type Ɵdal flats on the SW coast of 447 
Korea, where a combinaƟon of geological, oceanographic and climaƟc condiƟons have 448 
enabled the development of diverse coastal sedimentary systems that support high levels of 449 
biodiversity, including numerous endemic species of flora and fauna, and provide criƟcal 450 
habitats for many migratory bird species. f. The Rwenzori Mountains NaƟonal Park and World 451 
Heritage Site are of outstanding importance for the alƟtudinal zonaƟon of vegetaƟon. They 452 
comprise a block of Precambrian metamorphosed crystalline rocks uplifted above the 453 
surrounding plains during the formation of the Western (Albertine) Rift Valley in the Late 454 
Pliocene. High precipitation, cloud cover and humidity, in conjunction with the mainly acidic 455 
soils and altitudinal range of topography, support the richest montane flora in Africa, 456 
including giant heathers, groundsels and lobelias. g. The granite inselberg of Mount Chudalup, 457 
in D'Entrecasteaux NaƟonal Park, Western Australia, rises above a low-relief coastal plain 458 
covered in blown sand, sedge and heathlands. Karri and marri woodland on loamy soils 459 
formed from weathered granite around the base of the inselberg is succeeded by 460 
peppermints, grass trees, snoƩygobbles, banksias and sheoaks on sandier soils on the lower 461 
slopes and by numerous species of mosses, lichens and liverworts on the upper slopes. h. The 462 
geodiverse volcanic landscape of the Fjallabak Nature Reserve, southern Iceland, includes the 463 
partly moss covered Laugahraun lava field and provides specialised habitats for thermophilic 464 
bacteria and archaea associated with geothermal acƟvity. From Gordon et al., 2022. Images 465 
a, d, e, f, g, © John Gordon; b, c, h © Joseph Bailey (CC BY-SA 4.0).  466 
 467 


