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Abstr act

The Great Artesian Basin (GAB) is Australia's largest groundwater resource and feeds thousands of springsin the
country’ s arid centre. GAB springs are globally important “time capsules’ that support relictual species not found
elsewhere on Earth, yet they are considerably threatened by ongoing water abstraction for pastoral, agricultural, and
industrial practices. Biomonitoring and robust management plans are needed to prevent further extirpations of GAB-
dependent taxa, but there remains a paucity of biodiversity and ecological knowledge in the literature. We conducted a
comprehensive review of GAB spring biota for South Australia, the state containing the majority of springs. Almost 500
taxa are recorded from GAB springs and surrounding wetlands. Invertebrates represent the largest proportion of GAB
endemics and biota overall, yet they are highly threatened and have not received adequate conservation attention.
Community composition differs considerably among spring clusters, highlighting their intrinsic value as refugia for both
endemics and cosmopolitan taxa. Further, several potential biodiversity hotspots have been overlooked in the literature
and the true extent of GAB spring biodiversity islikely far greater than currently known. Our findings underscore the
importance of freshwater sourcesin arid regions and the need for fundamental research in the face of ongoing human
impacts.
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1 Introduction

The Great Artesian Basin (GAB) is Australia’ s largest groundwater resource, spanning over one fifth of the
continent’ sarea or almost 2 million km? (Habermehl, 2020). As the Basin is a confined aguifer mostly sealed off from
the Earth’s surface by impermeable rock, water is only accessible viafissures or artificially drilled boreholes. At the
outer margins of the GAB where the confining layer isthinner, water is often forced to the surface to form springs and
associated wetlands. Thousands of such springs are found throughout Central Australia, with >5,000 individual spring
vents (discrete discharge points of water) in South Australia (hereafter SA) (Arabana Aboriginal Corporation, 2021;
Government of South Australia, 2023), >2,000 in Queensland (Queensland Department of Regional Development,
Manufacturing and Water, 2023), and >400 in New South Wales (New South Wales Department of Planning, Industry
and Environment, 2021). Springs fed by the GAB therefore represent a widespread and permanent potable water source
that has supported humans, flora, and faunain Australia s arid and semi-arid zones for thousands of years (Priestley et
al., 2018). From an ecological and evolutionary standpoint, GAB-fed springs also support wetlands that represent
“museums of biodiversity”, supporting plant and animal species not found elsewhere on Earth (Murphy et al., 2015). As
relicts of the continent’s mesic past, species endemic to GAB springs can have exceptionally small distributionsand it is
not uncommon for taxato be restricted to a single cluster of springs, also termed ultra-short range endemics (Harvey,
1990; Gotch et al., 2008; King, 2009; Murphy et al., 2009, 2012; Guzik et al., 2012, 2019; King et al., 2014).

The conservation and management of groundwater resources are generally inadequate worldwide (Famiglietti,
2014). Springs fed by the Great Artesian Basin are no exception and are, generally speaking, considerably threatened by
arange of industrial and pastoral practices (Mudd, 2000; Fairfax & Fensham, 2002; Lewis & Harris, 2020). Substantial
reductions in artesian pressure (hereafter drawdown) and spring flow have occurred as a result of the sinking of over
50,000 artificial boreholes and the direct abstraction of Basin water, both historically and in the present day (Mudd, 2000;
Gotch et al., 2016; Great Artesian Basin Coordinating Committee, 2019; Beasley-Hall et al., 2023). Indeed, a complete
cessation of flow has occurred for an estimated 800 springs across Australia (Andersen et al., 2016; Fensham et al.,
2016). Concomitant declines in observations of endemic fauna have also been documented, many of which have occurred
asaresult of reduction in size and/or complete extinction of their corresponding spring habitat (Kinhill-Stearns, 1984;
McLaren et al., 1986; Zeidler & Ponder, 1989; Kinhill, 1997; Fatchen, 2000; NSW Nationd Parks and Wildlife Service,
2002; Fensham & Fairfax, 2003; Kodric-Brown et al., 2007; Rossini et al., 2018). Initiatives such as the Great Artesian
Basin Sustainability Initiative (hereafter GABSI), a basin-wide bore capping program to curb the uncontrollable flow of
drilled bores, has “saved” over 250 gigalitres of water (Great Artesian Basin Coordinating Committee, 2019). The work
of GABSI combined with the implementation of the Great Artesian Basin Strategic Management Plan, a longer-term
framework related to GAB natural resource management, appears to have improved artesian pressure (Habermehl, 2020).
However, net water flowsin GAB springs nonetheless appear to be reducing across certain regions of the Basin, and
understandings of the relationship between artesian pressure and spring flow remain poorly understood (Green & Berens,
2013). While drawdown represents the major cause of spring extinction, grazing, trampling, and soiling of wetlands by
livestock (Fatchen, 2000), overabundant invasive (Noack, 1994; Kerezsy, 2015) and native (Davies et al., 2010; Lewis &
Packer, 2020) species, climate change (Ordens et al., 2020), and tourist activity (Witjira National Park Co-management
Board, 2022) pose threats to both spring health and the ecological communities dependent on springs themselves.
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65 Wetlands supported by GAB springs have high biodiversity value and, correspondingly, their ecological
66 communities are protected under the Environment Protection and Biodiversity Conservation Act 1999 (Cth) (hereafter
67 EPBC Act), a key piece of Australian federal environmental legislation. However, it is recognised that in many cases, the
68  extinction of GAB spring endemic species represents a permanent loss of Australia’ s genetic diversity and unique
69 evolutionary lineages that have persisted over millions of yearsin isolation (Murphy et al., 2015). Basic taxonomic and
70 biological information is still largely unknown, inaccessible, or disparate, making it difficult to accurately assess and
71 monitor all species present at springs in the face of rapid, human-driven change. Thislack of taxonomic information is
72 particularly the case for endemic spring invertebrates (Rossini, 2020). Similarly, the relationship between environmental
73  characterigtics of orings and biodiversity is also not well understood. Metrics commonly used by industry to measure the
74 robustness of prings, such asincreased spring flow rate and aquifer pressure, are associated with formation of wetland
75  areas(White& Lewis, 2011; BHP, 2018, 2021; Fensham & Laffineur, 2022) and hiodiversity isthought to increase with
76  thenumber of active springsin aregion (Harris, 1992; Rossini et al., 2018). Conversely, drawdown can lead to the
77 extinction of springs and their corresponding biota (Kinhill, 1997: 199; Fensham et al., 2010). However, more precise
78 interactions among spring characteristics are not known and these trends have not been observed for all springs (Green &
79 Berens, 2013). As such, the vulnerability of GAB spring taxa therein isalmost impossible to gauge based on spring traits
80  alone, complicating conservation management and planning. Thus, there isa clear need to compile baseline information
81 on these taxa in a centralised, accessi ble resource to facilitate future conservation work on this community.
82
83 Data are crucial to decision-making capabilities in the context of biodiversity assessment, monitoring, and
84  developing an understanding of ecosystem health (Vaughan et al., 2001; Stall et al., 2019). For industry partners,
85 policymakers, and not-for-profit stakeholders, effective data sharing is essential for future progress and predictionsin
86  operations, products, and services (e.g., in the geosciences, (Hanson et al., 2017)). Guiding principles for scientific data
87 management and stewardship have been developed by a global consortium of stakeholdersto ensure digital assets are
88  findable, accessible, interoperable, and reusable (FAIR) (Wilkinson et al., 2016) to promote the open sharing and reuse
89 of research data, promote reproducibility, increase transparency, and ultimately accelerate scientific discovery. FAIR
90 practices recommend data storage on open-access platforms, using persistent identifiers and built-in metadata in standard
91 formats and vocabularies widely adopted by the research community. Currently, data on GAB springs, particularly
92 biodiversity and hydrogeological information, has been collected and maintained in a sequestered and diffuse manner
93 (38,39,44). No single centralised and public database or inventory that collates data for all fauna, flora, and funga—a
94 term seeking to more accurately encapsulate biodiversity in conservation policy frameworks (Kuhar et al., 2018)—
95  associated with the GAB springs exists. The closest resource is a publicly accessible dataset established by the
96  Queensland Government which combinesinformation on metrics such as water quality, chemistry, flow rate,
97 biodiversity, and spring condition (Queensland Government, 2018) (absent for SA and New South Wales). The
98  development of abiotic inventory has been identified as an urgent action to recover the community of native species
99 dependent on GAB springs (Fensham et al., 2010). Such data can help to inform future management plans and early
100  warning systemsthat detect changes in these ecosystems of high biodiversity value (Vaughan et al., 2001; Brack et al.,
101  2015; Oburaet al., 2019) and so improving their accessibility isaclear priority.
102
103 The first published sampling efforts began in the 1980s, which largely concerned small areas of the GAB and/or
104  specific taxa, such as filamentous algae and the crustaceans (Kinhill-Stearns, 1984; Symon, 1984; Badman, 1985;
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105  Greenslade, 1985; McLaren et al., 1985; Mitchell, 1985; Thompson, 1985; Mollemans, 1989; Skinner, 1989; Zeidler,
106 1989). The mgjority of these checklists concern SA. In 2010, Fensham (Fensham et al., 2010) undertook one of the first
107 robust scoping exercises of spring endemics and documented 30 taxa associated with SA GAB springs. Rossini et al.
108  (Rossini et al., 2018) subsequently increased this number to 52 across 154 SA spring groupsin a synthesis on GAB

109  spring endemics. These checklists have been supplemented by genetic studies of the taxa found in SA GAB springs such
110  ascrustaceans (Murphy et al., 2009, 2013, 2015; Guzik et al., 2012, 2019; Guzik & Murphy, 2013; Stringer et al., 2019),
111  snails(Ponder et al., 1995; Murphy et al., 2012), beetles (DeBoo et al., 2019), spiders (Gotch et al., 2008), and microbes
112  (Byersetal., 1998). Collating fundamental biodiversity information such as this and ensuring the data are accessible and
113 usable isafirst step towards future science-based decision making (i.e., FAIR). Here, we collated all published

114 information on the occurrence extents of fauna, flora, and funga associated with GAB springsin SA. This state was

115  selected for its high number of GAB springs (>60% of Australia’ s springs) and the comparatively well-studied nature of
116  their biodiversity from taxonomic and phylogenetic standpoints (Ponder et al., 1989; King, 2009; Guzik et al., 2012,
117  2019; Guzik & Murphy, 2013; Murphy et al., 2013, 2015; King et al., 2014), allowing for a more accurate reflection of
118 the true number of taxa in these ecosystems. We also collated metadata associated with the conservation status, extent of
119 occurrence, and taxonomic status of spring biota, and used these to calculate biodiversity metrics for springs, in keeping
120  with existing checklists (Fensham & Price, 2004; Rossini et al., 2018). Further, we explored connectivity of these

121 communities, allowing us to put forward preliminary conservation priorities for GAB-fed wetlands.

122 2 Materialsand Methods

123 21 Literaturereview and database constr uction

124 A non-systematic review of all available information relevant to the biodiversity of GAB springsin SA was undertaken
125 in the present study. A formal systematic searching strategy was not possible as a large proportion of information on

126 springs is present in unpublished or grey literature such as government reports, internal publications from mining

127 companies, and museum records. We therefore relied heavily on repositories such as the Government of South

128  Australia’s WaterConnect portal (South Australian Department for Environment and Water, 2023) and The Atlas of

129  Living Australia(Belbin et al., 2021). We were specifically interested in dataindicating the presence or absence of

130  speciesinor around spring wetlands as well as their occurrence extents, if available, to gauge where taxa occurred and
131  their degree of endemicity. The scope of this review spanned the three spring supergroupsin SA: Kati Thanda—Lake

132 Eyre, Munda/ Lake Frome, and Dalhousie (Figure 1). Super gr oups are clusters of spring complexes, which themselves
133  contain spring groups composed of individual springs. Spring complexes share similar geomorphological characteristics
134  and water chemistry, whereas groups are clusters of springs sourcing from the same fault of structure (Lewiset al., 2013).
135  Individua springs are composed of permanent wetland vegetation with at least one vent, a discrete discharge point of
136  water (Gotch, 2013). Within these three supergroups, we focused on 23 spring complexes containing 170 spring groups
137  (Supplementary File S1, available publicly via FigShare: https.//doi.org/10.25909/24457105). Whilst the number of these

138  spring clusters, aswell astheir naming conventions, have previously not been standardised (Gotch et al., 2016), we

139  selected these locations due to their widespread use in the literature and Australian Government publications (Lewis &
140  White, 2013; Murphy et al., 2013; Rossini et al., 2018; Department of the Environment, 2022).

141

142
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173  Fig. 1: Springs fed by the Great Artesian Basin (GAB) in South Australia. Springs are classified hierarchically as

174  supergroups, the broadest classification (A, Dalhousie; B, Kati Thanda—Lake Eyre; C, Munda/ Lake Frome); complexes
175  (labelled coloured circles); groups (coloured points); springs; and finally vents, discrete water discharge points. The
176  approximate area of the GAB is shown in dark purple and the location of the SA GAB springsisindicated by the dashed
177  square.

178

179

180 We retrieved Aboriginal names for spring groups from akey anthropological study (Hercus & Sutton, 1985) to
181  ensurelocations were referred to by a dual naming convention whenever possible. The validity of these names were
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182 confirmed by The Arabana Aboriginal Corporation in apersonal communication to the authors. In South Australia, the
183  GAB springs can be found on the country of the Antakarinja, Arabana, Dhirari, Dieri, Karangura, Kokatha, Kuyani,

184 Ngamini, Pirlatapa, Southern Aranda, Southern Arrente, Thirrari, Wangkangurru, and Y andruwandha peoples (Hercus &
185  Sutton, 1985). The springs are the focus of cultural activities and oral histories for many of these peoples and almost all
186  spring groups are documented as having mythological significance, historical significance, or both (Hercus & Sutton,
187 1985; Nursey-Bray & Arabana Aboriginal Corporation, 2015; Nursey-Bray et al., 2020). For locations with dual names,
188 but lacking “official” formatting (e.g., not used by federal/state government legislation or publications), we followed the
189  Australian Government’s style manual (Australian Government, 2023). While Kati Thanda—Lake Eyre has an official
190 name in government legislation, the formatting of the dual naming of Munda/ Lake Frome is not standardised and we
191  default to the style manual mentioned above in this case. We chose not to standardise names across springs, groups, or
192 complexes as they refer to specific locations with distinct associated mythologies and histories (Hercus & Sutton, 1985).
193  Asareault, we do not refer to e.g. the Coward complex as Pitha Kalti-kalti / Coward (corresponding to a spring group),
194 nor have we generalised the names of individual springs to the group level (e.g., Ngalpangkardanhaand Pangki

195  Warrunharefer to different locations within the Strangways group, but not the entire group itself). Alternative names and
196 identifying codes for all locations were also recorded where present, e.g. for spring groups with several English or

197  Aboriginal names or spelling variants. Records below the spring group level, where present, were standardised to the
198  group level dueto the rarity of such records and the inconsistency of spring vent naming conventions. As GAB spring
199 faunaare often morphologically cryptic yet genetically distinct, we recorded species as separate taxa if explicitly

200 indicated by their species authorities based on genetic data following Rossini et al. (Rossini et al., 2018).

201

202 To supplement presence/absence records of spring taxa, we also gathered metadata related to taxonomic status,
203 conservation status, common names, synonyms, and endemicity where available. Taxonomic status was coded into three
204  categories: taxafor which thereis a corresponding formal taxonomic description (“described”), taxa awaiting taxonomic
205  description (“undescribed”), or those for which species-level occurrence records were not available (e.g., a family-only
206  record; “unidentified”). For taxa with species-level identifications, conservation status information was retrieved from the
207  Species Profile and Threats Database to capture listings under the IUCN Red Ligt of Threatened Species and Australian
208  federal and state environmental legislation (Department of Climate Change, Energy, the Environment and Water, 2023).
209 Finally, for each endemic taxon we noted whether it occupied only one spring group, complex, or supergroup. With the
210  exception of undescribed species with well-established occurrence records, endemicity was not recorded for taxa without
211  aspecies-level identification.

212 22 Biodiver sity metrics

213 For each spring group, we first transformed presence/absence records to weight them by whether they were at the

214 resolution of the spring group level (hereafter confident records) or those which referred to ataxon’s presence within a
215  certain complex, but did not supply spring group information (hereafter coarse records). To assess the inclusion of

216 uncertain occurrence information, we calculated metrics for our entire dataset and a subset of the data only considering
217 confident records. As the dataset included only presence/absence records, we were limited in our choice of biodiversity
218  metricsand focused on species richness and endemicity. We calculated species richness values (hereafter taxon richness)
219 by the number of putative taxain each spring. Spring groups were ranked by the degree of endemicity of their biota using
220  amodification of the scoring system developed by Fensham and Price (Fensham & Price, 2004). Qriginally applied to
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221 GAB florain spring complexes in Queensland, the ranking has since been expanded to faunaacross Australia (Rossini et
222 al., 2018) and relies on the number of populations corresponding to the most widespread taxon in a spring dataset. The
223  desert goby Chlamydogobius eremius (Zietz, 1896) is the most widespread SA GAB spring endemic, occurring across 24
224 known groups (Gotch et al ., 2016; Rossini et al., 2018); we used this value as a proxy for the taxon’s number of

225 populations, although we acknowledge this may be an underestimate as spring groups do not necessarily share permanent
226  wetlands. Rankings for each endemic taxon were firgt calculated by dividing 24 by the number of groups the taxon

227 occurred in such that C. eremius (24/24) would receive the lowest ranking due to its comparably widespread distribution.
228  Asall endemic taxa assessed here do not occur beyond their respective supergroups, each taxon was then scored by

229  whether it was further restricted to a single spring complex (+1) or group (+2). These scores, hereafter endemicity

230  rankings, were summed for each spring group. We visualised these metrics using QGIS (QGIS Association, 2023).

231 Spring groups were first mapped using latitude and longitude information corresponding to vents retrieved from the

232 Government of South Australia’ s WaterConnect portal (Government of South Australia, 2023); for groups containing
233 multiple vents, centroids were calculated to approximate their location. Circles corresponding to the above metrics per
234 group were then scaled using the Flannery method and an exponent method of 0.57. To assess differences in community
235  composition among spring groups, we calculated pairwise Jaccard distances using a binary matrix of presence/absence
236 records using the proxy packagein R v.4.3.0 (Meyer & Buchta, 2022; R Core Team, 2023). Principal components

237 analysis was performed using the native R stats package and visualised using ggplot2 (Wickham, 2016; R Core Team,
238  2023). Springs without occurrence records were excluded from the analysis, as were taxa known to occur in SA GAB
239  springs generally but without specific location information. Finally, we produced rarefaction curves using the R package
240  iINEXT (Hsieh & Chao, 2022) from our entire dataset and a subset of the data considering only confident records.

241 Rarefaction was performed using the rarefaction and extrapolation models for species richness (q = 0), 95% confidence
242 intervals, and 100 replications.

243 3 Results

244 31 Biodiversity of the SA GAB

245  The database we compiled based on our comprehensive literature review captured 3,463 occurrence records

246 corresponding to 495 putatively distinct taxa (De Deckker, 1979; Greenslade, 1985; Thompson, 1985; Sluys, 1986;

247  Sokol, 1987; Ling et al., 1989; Mollemans, 1989; Ponder et al., 1989, 1995, 1996; Zeidler & Ponder, 1989; Harvey,
248 1990, 1998; Zeidler, 1991, 1997; Fatchen & Fatchen, 1993; Morton et al., 1995; Ponder, 1995, 1996a, 1996h, 1996c,
249  1996d; Clark et al., 2003; Perkins, 2005; Framenau et al., 2006; Furler & Willing, 2006; Kodric-Brown et al., 2007; Page
250 et al., 2007; Gotch et al., 2008, 2016; Clark, 2009; King, 2009; Murphy et al., 2009, 2013, 2015; Fensham et al., 2010;
251  Unmack & Dowling, 2010; Guzik et al., 2012, 2019; King et al., 2014; Rossini et al., 2018; DeBoo et al., 2019; Stringer
252 et al., 2019; Belbin et al., 2021; Department of the Environment, 2022; Witjira National Park Co-management Board,
253  2022; Froese & Pauly, 2023). Of these records, 2,300 were considered coarse—i.e., corresponding to the supergroup or
254  complex level, but not informing the presence of taxa at a specific spring group. Invertebrates were by far the most

255  speciose group in the dataset (42%, 206 taxa) followed by vascular plants (22%, 111 taxa), vertebrates (21%, 102 taxa),
256  algae (14%, 68 taxa), non-vascular plants (1%, 5 taxa), and fungi (0.4%, 2 taxa) (Figure 2). Sixty-five taxa (13%) are
257  known only from SA GAB springs, almost all of which are invertebrates. Despite this, invertebrates are also the most

258 poorly known in the system from a taxonomic standpoint. Just over one-third of invertebrate taxa in the database have
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259  formal taxonomic names, whereas the remainder of the fauna are either undescribed (15%) or have an unknown

260 taxonomic status due to alack of species-level occurrence records (49%). For other taxonomic groups, these valuesrange
261  from 50-100% (described), 0—1.5% (undescribed), and 0-50% (unidentified). Further, apart from the Gastropoda no
262 invertebrate taxon has had its conservation status assessed at the global, federal, or state level (Figure 2). Fifty-eight of
263  the 170 spring groups assessed in this study had no corresponding occurrence records in the literature. A rarefaction

264  curvederived from the dataset suggests the artesian wetlands of SA as awhole have not been adequately surveyed, and if
265  additional locations were examined with equal sampling intensity, dozens of additional taxawould likely be documented
266  (Figure3).

267

268 In addition to occurrence records in the dataset, we also identified several records of potential local extinctions
269 in the literature (Table 1). In all, we retrieved absence records corresponding to one isopod taxon, which may represent
270  multiple species (Phreatomerus latipes (Chilton, 1922) Central, North, South haplotypes) (Kinhill-Stearns, 1984; Kinhill,
271 1997; Fensham et al., 2010; Guzik et al., 2012), one ostracod (Ngarawa dirga De Deckker, 1979) (McLaren et a., 1985;
272 Kinhill, 1997; Fensham et al., 2010), 15 snail taxa (Fonscochlea accepta, members of F. aquatica, F. billakalina, F.

273  variabilis, Trochidrobia punicea, T. smithii species complexes[all Ponder, Hershler & Jenkins, 1989], Snumelon

274 pedasum Iredale, 1937) (Zeidler & Ponder, 1989; Ponder et al., 1995; Fensham et al., 2010; Rossini et al., 2018;

275 Department of the Environment, 2022), and four fishes (the Dalhousie goby Chlamydogobius gloveri Larson, 1995, Lake
276 Eyre hardyhead Craterocephalus eyresii (Steindachner, 1883), spangled perch Leiopotherapon unicolor (Gunther, 1859),
277 Dalhousie gudgeon Mogurnda ther mophila Allen & Jenkins, 1999) (Zeidler & Ponder, 1989; Kodric-Brown et al., 2007;
278  Gotchetal., 2016; Rossini et al., 2018; Department of the Environment, 2022; Froese & Pauly, 2023). To the best of our
279 knowledge, all of these records corresponded to local extinctions as opposed to complete species extinctions (i.e.,

280 relevant taxa were present in at least one additional location). These extirpations have occurred across 13 spring groups
281  inthe Dalhousie and Kati Thanda-L ake Eyre supergroups (Table 1).
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Figure 2: Fauna, flora, and funga associated with SA GAB spring wetlands, with major organismal groups indicated by
grey boxes. Groups lacking species-level records have an unknown conservation status and are indicated with n.d. (no
data). * Rare (RA) and extinct (EX) conservation statuses here are specific to SA/TAS and NSW legislation,
respectively, and only refer to populations/taxa within those states. Silhouette credits Maxime Dahirel, Armelle Ansart,
Mathieu Pélissié, and Lafage via PhyloPic.
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361 Fig. 3: Rarefaction curves predicting an increase in taxon richness if additional spring groups were surveyed, calculated
362  fromall occurrence recordsin the dataset (A) and a subset of the dataset containing only confident records (B). Asthe
363  curvedoes not flatten at the maximum number of known spring groups in the state (170), an increase in sampling effort
364  within springs (as opposed to the sole sampling of additional springs) may also capture a more comprehensive
365  representation of these communities.
366
367 32 Biodiversity metrics and community composition
368
369  Taxon richness was more heavily impacted by the exclusion of coarse occurrence records as most data in this category

370  arenot spring endemics, whereas endemicity rankings were essentially unchanged between spring locations. In other
371  words, complexes may be taxon-rich without containing a large number of endemics (e.g., groups within the Francis
372 Swamp complex; Figure 4) and vice versa (e.g., Beresford Hill). Groups with high levels of richness values generally
373  corresponded to the Coward, Dalhousie, Billa Kalina, and Hermit Hill complexes and those containing large numbers of
374  isolated endemics included Dalhousie, Francis Swamp, Mount Denison, and Coward (Figure 4; Supplementary File S2,
375  available publicly via FigShare: https://doi.org/10.25909/24457120).

376

377 While there is some degree of overlap regarding taxon composition of spring complexes, particularly in the Kati

378  Thanda-Lake Eyreregion (Figure 5), locations with similar biodiversity metrics do not necessarily support the same

379  biotic communities. The Peake Creek, Lake Cadibarrawirracanna, Neales River, and Mount Dutton complexes of the
380 Kati Thanda—Lake Eyre supergroup are generally non-overlapping and groups from within the Dalhousie

381  complex/supergroup are easily differentiated from other complexes (Figure 5). In contrast, groups from the Munda/ Lake
382 Frome complex are nested within those from the Kati Thanda—Lake Eyre supergroup. Groups belonging to the same

383  complex are also generally more similar to one another than those in different complexes. Thisapparent lack of

384  connectivity is perhaps unsurprising given the aridity of the surrounding landscape. Overall, spring groups within the
385 Dalhousie supergroup/complex are the most distinct in the dataset in that they support taxa not known to be associated
386  with other spring complexes, including highly isolated endemics (Figures 4, 5).

387
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413 Fig. 4: Rankings of endemicity and biodiversity (i.e., considering non-endemic biota) in SA GAB spring groups

414  calculated from occurrence records in the literature. Data shown here were calculated using all occurrence recordsin the
415  dataset. Metrics calculated from only confident records are available in Supplementary File S2. We use the term “taxon
416 richness’ over “species richness’ here as several taxa in the dataset are putative species based on morphological and/or
417 molecular divergences per their respective taxonomic authorities (Greenslade, 1985; Murphy et al., 2009; Guzik et al.,
418 2012, 2019; DeBoo et al., 2019; Stringer et al., 2019).
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441  Fig. 5: Principal components analysis (PCA) showing composition of faunal, floral, and fungal communities reliant on
442 South Australian GAB springs. Both coarse and confident occurrence records in the dataset were used to calculate

443  Jaccard distances between spring groups. Spring groups lacking occurrence records are not shown here. Groups are
444 coded by their respective spring complex (colour) and supergroup (shape). Axis labels refer to the amount of variability
445  explained by each principal component (PC).

446 4 Discussion

447 Here, we present arobust literature review of the natural heritage value of the artesian wetlands of Australia, focusing on
448 SA GAB wetlands as the state contains the magjority of springs throughout the continent’ s arid zone. The data we have
449  collated highlight several key trends: 1) invertebrates are a poorly-known component of GAB biodiversity; 2) the

450  composition of GAB hiota differs considerably by location; and 3) the true extent of GAB biodiversity is far greater than
451 iscurrently appreciated in the literature. We discuss each of these findings below, as well as conservation implications

452  for GAB springs more broadly and how a centralised biodiversity resource for the GAB could be implemented in future.

453 41 Biodiversity of South Australia’s GAB springs

454  Werecorded almost 500 taxa associated with GAB springs and their surrounding wetlands. Invertebrates (namely insects,
455  crustaceans, and arachnids) represented the largest proportion of this biota and the largest group of endemics (Figure 2).
456 Invertebrates are poorly documented from biodiversity, ecological, and conservation standpoints relative to the remainder

457  of GAB biota, and are also overrepresented in extinction records (Table 1). These groups may therefore be the most at
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risk of decline due to difficulties in devisng management strategies. In contrast, while vertebrates were the third-most
speciose group associated with the system (N = 102), almost all were widespread species not of conservation concern
(Fensham & Price, 2004) (Figure 2). We note here that vertebrates such as waterbirds are nonetheless dependent on the
springs as breeding grounds (Badman, 1985), however, and may make more extensive use of these habitats in non-flood
years and/or as “stepping stone” habitats to sustain migrations to nearby Kati Thanda—Lake Eyre. For example, the little
grasshird (Poodytes gramineus (Gould, 1845)) and clamorous reed warbler (Acrocephalus stentoreus (Hemprich &
Ehrenberg, 1833)) are not restricted to GAB springs but have an obligate relationship with stands of the common reed
Phragmites australis (Cav.) Trin. ex Steud. in GAB wetlandsin that region (Read, 1997).

Based on all available information on the occurrence extents of fauna, flora, and funga associated with GAB
springsin SA, the composition of these biotais far from uniform. It has long been recognised that certain locationsin the
SA GAB springs are more speciose than others, but this has only been formally quantified with respect to endemic taxa
and without consideration of the distinct spring groups within the Dalhousie complex (Rossini et al., 2018). Here we have
showed that the bulk of endemic biodiversity at Dalhousie is contributed by the Irrwanjira/ Main Pool group, and groups
within the Francis Swamp, Mount Denison, and Coward complexes, which in fact house a more speciose and isolated
endemic biota than initially recognised based on published records (Supplementary File S1). Further, taxon-rich locations
are not necessarily rich in endemics (Figure 4). Overall, these data indicate the disturbance or extinction of any given
spring group could represent an enormous loss of biodiversity when both endemic and non-endemic taxa are cons dered
together. The biodiversity of the South Australian GAB has not been adequately surveyed (Figure 3) and over two-thirds
of records we collated were coarse, meaning they lacked occurrence information at the spring group level. While records
are helpful in distinguishing spring group locations and suggest considerable structure in taxa occupying different spring
complexes and supergroups (Figure 5), they nonetheless highlight a lack of detailed past surveys and the sparseness of
published information on GAB biodiversity.

The observed variability in the dataset may also be associated with sampling bias. Spring groups with the
highest endemicity rankings, such as those within the Dalhousie and Coward complexes, are also those consistently
associated with high sampling effort in previous surveys (Badman, 1985; Greenslade, 1985; Mitchell, 1985; Sokol, 1987;
Zeidler & Ponder, 1989; Noack, 1994; Ponder et al., 1995; Kovac, 2003). The Kati Thanda—Lake Eyre and Dalhousie
supergroups corresponded to over 2,000 occurrence records, whereas observations within the Munda/ Lake Frome
supergroup were restricted to a single, coarse occurrence record of the copepod Microcyclops dengizicus (Lepeschkin,
1900) (Zeidler & Ponder, 1989). Munda/ Lake Frome has clearly not been adequately sampled, although this does not
necessarily imply the location lacks endemic taxa yet to be characterised (McLaren et al., 1985; Rossini, 2020). Indeed,
widespread taxonomic groups expected to be present in springs, such as the Hymenoptera and other cosmopolitan insect
groups, were also poorly represented in the dataset due to a presumed bias in sampling methods and a lack of past
taxonomic expertise (ADA, pers. obs.). As such, we caution against the derivation of conservation priorities from
locations with high measures of metrics such as species richness alone, but trends are nonetheless evident in this review

regarding spring locations and taxonomic groups that have been undersampled.
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496 4.2 Conservation implicationsfor South Australia’ sartesian springs

497 Populations of at least 13 taxa are thought to have become locally extinct in the SA GAB springs (Table 1). The bulk of
498  these extirpations have occurred in spring groups that have ceased to flow as a result of drawdown, namely Venable,
499  PaluraPintjanha/ Priscilla, Marrinha/ Hergott, Margaret, and Manda-wardunha/ Mundowdna (Fensham et al., 2010).
500  The Venable and Palura Pintjanha/ Priscilla spring groups became extinct around 1990 following predictions by industry
501 that mining activities would lead to a partial, if not complete, reduction in artesian flow at certain GAB springs (Kinhill-
502  Stearns, 1982, 1983). Marrinha/ Hergott ceased to flow in the mid-1980s as water was withdrawn to supply the nearby
503 town of Marree (McLaren et al., 1985: 198). Other extirpations have been attributed to human modification of springs,
504  the presence of overabundant invasive and native species, and potentially insufficient sampling effort. The apparent local
505  extinction of the fish species, Lake Eyre hardyhead (Craterocephalus eyresii) at Toondinaand Old Nilpinna may have
506 been caused by spring excavations and competition from the invas ve mosguitofish Gambusia holbrooki Girard, 1859,
507 respectively (Gotch et al., 2016). Extirpations of other fish species at Dalhous e have been attributed to the overgrowth of
508  thenative reed Phragmites as aresult of decreased grazing pressure following the exclusion of livestock (Kodric-Brown
509 etal., 2007).

510

511 It isimportant to establish conservation priorities given the potential for further local, if not species-wide,

512 extinctionsin the SA GAB springs. Here, we ranked spring groups by the number of endemic species supported by each
513  spring group and their degree of isolation. High-ranking locations mirror those proposed as conservation prioritiesin past
514  studies. For example, McLaren et al. (McLaren et al., 1985) produced an inventory of fauna, flora, and fungato set out
515  conservation priorities based on species diversity, the presence of rare species, “naturalness’ (i.e., extent of interference
516 by humang/livestock) and perceived vulnerability to degradation. Spring groups were then ranked as being of low,

517 medium, or high conservation priority. High-ranking spring groups in this assessment include those found at Dalhousie
518  andin the Coward and Mt. Denison complexes of the Kati Thanda—Lake Eyre supergroup. Further, Rossini et al.

519  (Rossini et al., 2018) used a ranking system developed by Fensham and Price (Fensham & Price, 2004) (modified here to
520 produce the endemicity rankings in the dataset) to conclude that groups within the Dalhousie, Strangways, Francis

521 Swamp, Billa Kalina, and Mt Denison complexes were of high conservation significance relative to other springs. The
522 highest-ranking spring groups by endemicity in the current study presented here corresponded to all six of the above
523  complexes, often down to the spring group level (Supplementary File S2). We stress that these trends do not suggest
524 certain spring groups are more important than others or that insignificant springs exist, as has been implied in past

525  environmental impact statements (Kinhill-Stearns, 1983; Keane, 1997). Thisis especialy the case for locations that could
526 be perceived as having low biological importance, such as the extinct Papu-ngaljuru / Primrose spring group, but have
527  outstanding cultural significance to Aboriginal peoples due to associated mythologies and its use as a major occupation
528 site (Hercus & Sutton, 1985). Instead, our findings suggest that certain spring groups harbour high numbers of endemics
529  relativeto other locations (but remembering that insufficient sampling effort has occurred) and require targeted

530  conservation efforts to preserve these short-range taxa.

531

532 In contrast to GABSI, which sought to increase artesian pressure Basin-wide and address the threat of

533  drawdown, several conservation programs are currently in place which aim to directly improve the condition of SA GAB
534  spring wetlands (Harris, 1992). Preliminary evidence suggests several of these practices have had a positive impact on
535  SA GAB spring endemics. Springs are threatened by the presence of large-bodied and hard-hooved livestock which can
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536  graze on or trample wetland vegetation, foul the water through their faeces, and potentially reduce invertebrate

537 biodiversity if stocking levels are high (Hutchinson & King, 1980; Kovac & Mackay, 2009; Fensham et al., 2010; Gotch
538  etal., 2016). Fencing has been successful in restoring endemic biodiversity of SA GAB springs in some cases, e.g., the
539  endemic salt pipewort Eriocaulon carsonii subsp. carsonii F. Muell. in the Hermit Hill complex (Fatchen & Fatchen,
540  1993) and aquatic invertebrates at springs that were heavily damaged by stock (Kinhill-Stearns, 1984). It isworth noting
541  that the Dalhousie supergroup and portions of the Hermit Hill complex are also within National Parks, further reducing
542  stocking pressures without the use of fencing (Harris, 1992). However, the complete exclusion of stock can also lead to
543  theoverproliferation of the native reed Phragmites, which occurs as anatural component of SA GAB ecological

544  communities but when present at unnaturally high densities can reduce endemic floristic diversity (Davies et al., 2010;
545 Lewis & Packer, 2020) and increase transpiration rates, reducing available habitat for aquatic animals (Fensham et al .,
546  2010). Best practices for controlling Phragmites and preserving GAB spring invertebrates may involve allowing stock
547 only to graze at certain periods during the year, as burning does not seem to be an appropriate tool to control its growth
548  (Lambetal., 2002). Invasive species such as the date palm (Phoenix dactylifera L.) and mosquitofish (Gambusia

549 holbrooki), among others, are also of concern for the conservation of GAB spring endemics as they can reduce

550 invertebrate diversity (Holmquist et al., 2011) and threaten native fauna through competition and predation (Gotch et al.,
551 2016). Complete removal of date palms has now occurred at Dalhousie, which used to house a large population of the
552  gpecies (Fensham et al., 2010).

553

554 As dtated above, there is alarge proportion of endemic taxa at several complexes within the SA GAB, namely
555  those contained within the Dalhousie and Kati Thanda—Lake Eyre supergroups. The data presented here reiterates the
556 need for targeted surveysin these locations to not only gather additional biodiversity data, but also to develop an

557 understanding of population dynamics, habitat requirements, and accidental human-mediated translocations of fauna,
558 flora, and funga per the national recovery plan (Fensham et al., 2010). The plan notably highlights the fact that the

559  construction of a robust biodiversity inventory for GAB springs has been hindered by a lack of survey effort and

560  taxonomic expertise. The utility of emerging environmental DNA techniquesto capture a holistic picture of SA GAB
561  spring biodiversity in anon-invasive manner would overcome several of these limitations (Vorés, 2017; West et al.,
562  2020; Sacco et al., 2022; Beasley-Hall et al., 2023); in this regard, the database developed as part of this study would
563  assig in the selection of fieldwork locations for a pilot study in this regard. Once taxa are established as occurring within
564  the SA GAB, monitoring efforts should be undertaken on aregular basis to develop deeper understandings of ecological
565  knowledge as opposed to presence/absence information.

566

567 Although taxareliant on GAB-fed springs are protected as a single ecological community under the EPBC Act,
568  gpecieslevel listings are also far overdue. Thisis particularly the case for invertebrates dependent on the GAB. The
569  mgority of GAB molluscs and crustaceans meet the criteriato be listed as Critically Endangered (Rossini, 2020), but
570 almost 90% of SA GAB invertebrates recorded here lack conservation listing at a global, federal, or state level, the bulk
571 of which are either new species awaiting formal description or those completely lacking species-level identifications.
572  Thislarge knowledge gap is only exacerbated by a lack of understanding of the relationship between spring

573  characteristics and biodiversity metrics (Rossini et al., 2018; Fensham & Laffineur, 2022) and indeed, relationships
574  among spring ecological and hydrogeological characteristics themselves (Mudd, 2000; Green & Berens, 2013; Love et al.
575  (eds), 2013). We hope that resources like the database developed here will inform the prioritisation of certain spring
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576  locationsand taxonomic groups, ultimately leading to the listing of invertebrates and other spring endemics under
577 relevant legislation on a per-speciesbasis.

578 43 TowardsaFAIR and centralised database of GAB spring biodiver sity

579  This GAB database is a significant first step towards tailored conservation of spring biota and represents an important
580 addition to understandings of spring biodiversity. There are at least 64 endemic taxa across 170 SA spring groups and an
581 additional 366 non-endemics that occur in association with springs. Our findings present the most comprehensive

582 collation of biodiversity data for the artesian springs of SA to date, both geographically and from a taxonomic standpoint.
583  Datarelated to GAB spring biodiversity is often diffuse, inaccessible, and ultimately maintained in a decentralised

584 fashion. Early surveys conducted on the springs in the 1980s were largely taxon-specific and conducted by museum

585  employeesor those working in industry, leading to their results either being published locally without digitisation or in
586 the form of internal reports (Badman, 1985; Greendade, 1985; McLaren et al., 1985; Mitchell, 1985; Thompson, 1985;
587  Linget al., 1989; Mollemans, 1989; Skinner, 1989; Zeidler, 1989). Currently, the only digitised database available to the
588 general public isthe Queensland Government’'s Springs Database (Queensland Government, 2018), which is freely

589  available and also includes a Creative Commons Attribution 4.0 licence, auseability rating, and version information. In
590 contrast, the existing data for SA are neither publicly available or centralised (Kinhill-Stearns, 1982, 1984; Kinhill,

591 1997). Moreover, nomenclature used to describe SA GAB spring vents and groups has not been standardised, leading to
592 inconsi stencies in names and identifying codes among datasets that refer to identical locations. Similar issues are evident
593  for hydrogeological information related to the GAB springs (PGBH pers. obs.). There is aclear need to progress beyond
594  these“silos’ and establish a database for the GAB springs nationwide that is not only publicly accessible, but also

595  supportsiterative refinement, updating of biodiversity information over time, and standardises nomenclature used to refer
596  to springs, particularly spring groups. To this end, in the database published here we have standardised spring

597 nomenclature across the Government of South Australia’s WaterConnect database and identifiersin use by industry

598  stakeholders.

599 5 Conclusion

600 Here, we have presented the most robust review of biota supported by the Great Artesian Basin in South Australia. This
601 dataset is an important resource that we hope will facilitate future studies on SA GAB spring endemics, investigations
602 into their population dynamics, basic biology, and taxonomy, and ultimately facilitate the listing of relevant taxa under
603  state and federal environmental legislation. Such resources are essential given the multitude of threats currently facing
604  springsand their biota, with potential extirpations of populations of at least 13 speciesin the SA GAB springs to date.
605  We have also highlighted springs of particular conservation concern which may assist in determining future conservation
606  prioritiesfor this system. The dataset presented here stresses three major points about GAB spring biodiversity. Firstly,
607  the mgority of taxareliant on these wetlands are invertebrates, and these animals are also the most poorly known and
608  conserved. Secondly, ecological communities reliant on artesian pringsin SA are largely non-overlapping, irrespective
609 of whether only endemic taxa, or endemics as well as “incidental” species, are concerned. The extinction or considerable
610  disturbance of any spring group is therefore likely to lead to a considerable loss of biodiversity and/or genetic diversity.
611 Finally, the artesian springs of SA have not been adequately sampled by past survey efforts and a cons derable proportion

612 of taxa likely remain to be documented, particularly in understudied locations such as the Munda/ Lake Frome
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613  supergroup. There also remains a dearth of occurrence records for certain taxa for which taxonomic expertise has been
614 lacking in the past, such as the wasps and allies (Greenslade, 1985). We recommend that datasets such as these are made
615 publicly available with the capacity to be modified and updated on an ongoing basis, embodying the gold standard of
616  digital asset storage.

617 6 Acknowledgements

618  Theauthorswould like to acknowledge The Arabana Aboriginal Corporation, Travis Gotch, and The Friends of Mound
619  Springsfor their guidance and feedback.

620 7 References

621 = Andersen, M., O. Barron, N. Bond, R. Burrows, S. Eberhard, |. Emelyanova, R. Fensham, R. Froend, M. Kennard, N. Marsh, N.
622 Pettit, R. Rossini, R. Rutlidge, D. Valdez, & D. Ward, 2016. Research to inform the assessment of ecohydrological responses to
623 coal seam gas extraction and coal mining. Department of the Environment and Energy, Commonweslth of Australia.

624 = ArabanaAboriginal Corporation, 2021. Submission to the inquiry into the destruction of 46,000-year-old caves at the Juukan
625 Gorge in the Pilbara Region of Western Austraia. hitps://www.aph.gov.au/DocumentStore.ashx 7id=41e65957-4b2f-4245-bc55-
626 0198241 c6ce& subld=690905, Canberra, Australia: Submission 92.

627 = Austraian Government, 2023. Australian place names | Style Manual. , https.//www.stylemanual .gov.au/grammar-punctuation-
628 and-conventions/ names-and-terms/australian-place-names.

629 = Badman, F. J,, 1985. Birds of the mound springs and bores south and west of Lake Eyre with special reference to the Coward
630 Spring area South Australia’ s mound springs. Nature Conservation Society of South Australia Inc., Hyde Park Press, Plympton,
631 South Austraia

632 = Beasley-Hall, P. G., N. P. Murphy, R. A. King, N. E. White, B. A. Hedges, S. J. B. Cooper, A. D. Austin, & M. T. Guzik, 2023.
633 Time capsules of biodiversity: Future research directions for groundwater-dependent ecosystems of the Great Artesan Basin.
634 Frontiersin Environmenta Science 10:, https.//www.frontiersin.org/articles/10.3389/fenvs.2022.1021987.

635 *  Belbin, L., E. Wallis, D. Hobern, & A. Zerger, 2021. The Atlas of Living Australia: History, current state and future directions.
636 Biodiversity Data Journal Pensoft Publishers 9: é65023.

637 = BHP, 2018. Olympic Dam Great Artesian Basin wellfields report, 1 July 2017 - 30 June 2018. Report no. ODENV058.

638 = BHP, 2021. Olympic Dam Great Artesian Basin wellfields report, 1 July 2020 - 30 June 2021. Report no. ODENV062.

639 = Brack, W., R. Altenburger, G. Schiiiirmann, M. Krauss, D. Lépez Herréez, J. van Gils, J. Slobodnik, J. Munthe, B. M. Gawlik,

640 A. van Wezd, M. Schriks, J. Hollender, K. E. Tollefsen, O. Mekenyan, S. Dimitrov, D. Bunke, |. Cousins, L. Posthuma, P. J.

641 van den Brink, M. Lépez de Alda, D. Barcel6, M. Faust, A. Kortenkamp, M. Scrimshaw, S. Ignatova, G. Engelen, G. Massmann,

642 G. Lemkine, |. Teodorovic, K.-H. Walz, V. Dulio, M. T. O. Jonker, F. Jager, K. Chipman, F. Falciani, |. Liska, D. Rooke, X.

643 Zhang, H. Hollert, B. Vrang, K. Hilscherova, K. Kramer, S. Neumann, R. Hammerbacher, T. Backhaus, J. Mack, H. Segner, B.

644 Escher, & G. de Aragdo Umbuzeiro, 2015. The SOLUTIONS project: challenges and responses for present and future emerging

645 pollutants in land and water resources management. The Science of the Total Environment 503-504: 22—31.

646 = Byers, H. K., E. Stackebrandt, C. Hayward, & L. L. Blackall, 1998. Molecular investigation of a microbial mat associated with

647 the Great Artesian Basin. FEM S Microbiology Ecology 25: 391-403.

648 = Clark, S., 2009. The Genus Posticobia (Mollusca: Caenogastropoda: Rissooidea: Hydrobiidae S.L.) from Australia and Norfolk

649 Island. Malacologia Ingtitute of Malacology 51: 319-341.

650 = Clark, S, A. C. Miller, & W. F. Ponder, 2003. Revision of the snail genus <em>Austropyrgus</em> (Gastropoda: Hydrobiidag):

651 amorphogtatic radiation of freshwater gastropods in southeastern Australia. Records of the Australian Museum, Supplement The

652 Australian Museum 28: 1-109.

653 *  Davies R. J-P., D. A. Mackay, & M. A. Whalen, 2010. Competitive effects of Phragmites australis on the endangered artesian

654 spring endemic Eriocaulon carsonii. Aquatic Botany 92: 245-249,

655 = De Deckker, P., 1979. Ostracods from the mound springs area between Strangways and Curdimurka, South Australia.

656 Transactions of the Royal Society of South Australia, Incorporated. 103: 155-168.

657 = DeBoo, M. L., N. P. Murphy, A. D. Austin, C. H. S. Watts, & M. T. Guzik, 2019. Arid zone island hopping: the impact of

ggg dispersa on endemism in hydraenid beetles (Coleoptera: Hydraenidae) found in isolated desert springs. Austral Entomology 58:
886-896.

660 = Department of Climate Change, Energy, the Environment and Water, 2023. Species Profile and Threats Database.

661 http://www.environment.gov.au/cgi-bir/sprat/public/sprat.pl.

662 = Department of the Environment, 2022. The community of native species dependent on natural discharge of groundwater from the

663 Great Artesian Basin in Community and Species Profile and Threats Database. Australian Government Department of the

664 Environment, Canberra. Available from: http://www.environment.gov.au/sprat.

665 »  Fairfax, R.j., & R. j. Fensham, 2002. In the Footsteps of J. Alfred Griffiths: a Cataclysmic History of Great Artesian Basin

666 Springsin Queensland, Australia. Australian Geographical Studies 40: 210-230.

667 »  Famiglietti, J. S., 2014. The global groundwater crisis. Nature Climate Change Nature Publishing Group 4: 945-948.
668 = Fatchen, T. J,, 2000. Mound springs management planning: management issues, strategies, and prescriptions for mound springs
669 in Far North South Australia. Report prepared for the South Australian Department of Environment and Heritage with the

18


https://doi.org/10.1101/2023.10.29.564639
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.10.29.564639; this version posted November 1, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC 4.0 International license.

670 support of the Natural Heritage Trust.

671 »  Fatchen, T. J., & D. H. Fatchen, 1993. Dynamics of vegetation on mound springs in the Hermit Hill region, northern South
672 Australia. Prepared for WMC (Olympic Dam Operations) Pty. Ltd., TJ Fatchen & Associates, Adelaide.

673 *  Fensham, R.J,, & R. J. Fairfax, 2003. Spring wetlands of the Great Artesian Basin, Queensland, Australia. Wetlands Ecology
674 and Management 11: 343-362.

675 »  Fensham, R. J,, & B. Laffineur, 2022. Response of spring wetlands to restored aquifer pressure in the Great Artesian Basin,
676 Australia. Journal of Hydrology 612: 128152.

677 »  Fensham, R. J., W. F. Ponder, & R. J. Fairfax, 2010. Recovery plan for the community of native species dependent on natural
678 discharge of groundwater from the Great Artesian Basin. Report to Department of the Environment, Water, Heritage and the
679 Arts, Canberra. Queensland Department of Environment and Resource M anagement, Brisbane.

680 =  Fensham, R. J, & R. J. Price, 2004. Ranking spring wetlands in the Great Artesian Basin of Australia using endemicity and
681 isolation of plant species. Biological Conservation 119: 41-50.

682 *  Fensham, R.j., J.1. Silcock, O. Powell, & M. a. Habermehl, 2016. In Search of Lost Springs: A Protocol for Locating Active and
683 Inactive Springs. Groundwater 54: 374-383.

684 *  Framenau, V. W., T. B. Gotch, & A. D. Austin, 2006. The wolf spiders of artesian springsin arid South Australia, with a

685 revalidation of Tetraycosa (Araneae, Lycosidae). The Journal of Arachnology American Arachnological Society 34: 1-36.

686 *  Froese, R, & D. Pauly, 2023. FishBase. , www.fishbase.se.

687 = Furler, J, & R. Willing, 2006. Expedition Witjira: interim report, 12-26th July 2003. Scientific Expedition Group, Unley [S.

688 Aust.].

689 = Gotch, T., 2013. Spatial survey of springs Allocating Water and Maintaining Springs in the Great Artesian Basin, Volume IV:

690 Spatial Survey and Remote Sensing of Artesian Springs of the Western Great Artesian Basin. National Water Commission,

691 Canberra.

692 = Gotch, T. B., M. Adams, N. P. Murphy, A. D. Augtin, T. B. Gotch, M. Adams, N. P. Murphy, & A. D. Austin, 2008. A

693 molecular systematic overview of wolf spiders associated with Great Artesian Basin springs in South Australia: evolutionary

28451 affinities and an assessment of metgpopulation structure in two species. Invertebrate Systematics CSIRO PUBLISHING 22:
151-165.

696 = Gotch, T., M. Keppel, K. Fels, & J. McKenzie, 2016. Lake Eyre Basin Springs Assessment: Ecohydrological conceptual models

697 of springsin the western Lake Eyre Basin, South Australia. DEWNR Technical report 2016/02, Government of South Australia,

698 through Department of Environment, Water and Natural Resources, Adelaide .

699 = Government of South Australia, 2023. Groundwater Data. WaterConnect.

700 https://www.waterconnect.sa.gov.au/ Systems/GD/ Pages/Def ault.aspx.

701 = Great Artesian Basin Coordinating Committee, 2019. Great Artesian Basin Strategic Management Plan 2019. ,

702 https://www.agriculture.gov.au/sites/default/files/documents/strategi c-management-plan. pdf.

703 = Green, G, & V. Berens, 2013. Relationship between aquifer pressure changes and spring discharge rates Allocating Water and

704 Maintaining Springsin the Great Artesian Basin, Volume I11: Groundwater Discharge of the Western Great Artesian Basin.

705 National Water Commission, Canberra.

706 »  Greendade, P., 1985. Terrestrial invertebrates of the mound springs, bores, creek beds, and other habitats South Australia's

707 mound springs. Nature Conservation Society of South Augtralia Inc., Hyde Park Press, Plympton, South Austrdia

708 »  Guzik, M. T., M. A. Adams, N. P. Murphy, S. J. B. Cooper, & A. D. Austin, 2012. Desert Springs: Deep Phylogeographic

709 Structure in an Ancient Endemic Crustacean (Phreatomerus latipes). PLOS ONE Public Library of Science 7: €37642.

710 = Guzik, M. T., & N. P. Murphy, 2013. Fauna of the GAB Springs: comparative phylogeography of GAB spring invertebrates

711 Allocating water and maintaining springs in the Great Artesian Basin, volume V. National Water Commission, Canberra.

712 »  Guzik, M. T., D. N. Stringer, N. P. Murphy, S. J. B. Cooper, S. Taiti, R. A. King, W. F. Humphreys, A. D. Austin, M. T. Guzik,

713 D. N. Stringer, N. P. Murphy, S. J. B. Cooper, S. Taiti, R. A. King, W. F. Humphreys, & A. D. Austin, 2019. Molecular

714 phylogenetic analysis of Australian arid-zone oniscidean isopods (Crustaceal | : Haloniscus) reveals strong regional endemicity

715 and new putative species. Invertebrate Systematics CSIRO PUBLISHING 33: 556-574.

716 = Habermehl, M. A., 2020. Review: The evolving understanding of the Great Artesian Basin (Australia), from discovery to current

717 hydrogeological interpretations. Hydrogeology Journal 28: 13-36.

718 = Hanson, B., J. Lunn, B. Van der Pluijm, J. Orcutt, R. Colwell, S. Trumbore, T. Becker, N. Diffenbaugh, R. Pincus, M. Liemohn,

719 U. ten Brink, P. Brewer, M. Zhang, S. Hauck, B. Hubbard, M. Goni, E. Thomas, P. Wilkinson, M. Moldwin, & M. Clark, 2017.

720 Earth and Space Science for the Benefit of Humanity. Eos 98:.

721 = Harris, C. R,, 1992. Mound Springs: South Australian Conservation Initiatives. The Rangeland Journa CSIRO PUBLISHING
722 14: 157-173.

723 = Harvey, M. S, 1990. A review of the water mite family Anisitsiellidae in Austraia (Acaring). Invertebrate Systematics CSIRO
724 PUBLISHING 3: 629-646.

725 *  Harvey, M. S, 1998. The Australian water mites: a guide to families and genera. CSIRO, Western Austraian Museum,

726 Caollingwood.

727 =  Hercus, L., & P. Sutton, 1985. The assessment of Aboriginal cultural significance of mound springs in South Australia Heritage

728 of the mound springs. Department of Environment and Planning, South Australia.
729 *  Holmquist, J. G., J. Schmidt-Gengenbach, & M. R. Slaton, 2011. Influence of invasive pams on terrestrial arthropod
730 assemblages in desert spring habitat. Biological Conservation 144: 518-525.

731 * Hsieh T.C,, & K. H. M. and A. Chao, 2022. INEXT: Interpolation and Extrapolation for Species Diversity. , https://cran.r-
732 project.org/web/packagesiNEX T/index.html.
733 = Hutchinson, K. J,, & K. L. King, 1980. The Effects of Sheep Stocking Level on Invertebrate Abundance, Biomass and Energy

734 Utilization in a Temperate, Sown Grassland. Journal of Applied Ecology [British Ecological Society, Wiley] 17: 369-387.
735 = Keane D., 1997. The sustainability of use of groundwater from the Great Artesian Basin with particular reference to the south-
736 western edge of the basin and impact on the Mound Springs. Unpublished thesis, RMIT University.

19


https://doi.org/10.1101/2023.10.29.564639
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.10.29.564639; this version posted November 1, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC 4.0 International license.

737 = Kerezsy, A., 2015. Development of atechnique for quarantining Great Artesian Basin springs from colonisation by the invasive

738 fish Eastern Gambusia (Gambusia holbrooki). Ecological Management & Restoration 16: 229-232.

739 = King, R., 2009. Two New Genera And Species Of Chiltoniid Amphipods (Crustacea: Amphipoda: Talitroidea) From Freshwater
740 Mound Springs In South Australia. Zootaxa 2293: 35-52.

741 = King, R, R. Leys, R. A.King, & R. Leys, 2014. Molecular evidence for mid-Pleistocene divergence of populations of three
742 freshwater amphipod species (Talitroideal I: Chiltoniidae) on Kangaroo Island, South Australia, with a new spring-associated
743 genus and species. Australian Journal of Zoology CSIRO PUBLISHING 62: 137-156.

744 = Kinhill, 1997. Olympic Dam Expansion Project: Environmental impact statement. Prepared for WMC (Olympic Dam

745 Corporation) Pty. Ltd. Olympic Dam, South Australia.

746 = Kinhill-Stearns, 1982. Olympic Dam Project Draft Environmental Impact Statement. Prepared for Roxby Management Services
747 Pty Ltd.

748 = Kinhill-Stearns, 1983. Olympic Dam Project Supplementary to the Draft Environmental Impact Statement. Prepared for Roxby
749 Management Services Pty Ltd.

750 = Kinhill-Stearns, 1984. Olympic Dam Project supplementary environmental studies, Mound Springs. Adelaide, Roxby

751 Management Services Pty Ltd.

752 = Kaodric-Brown, A., C. Wilcox, J. G. Bragg, & J. H. Brown, 2007. Dynamics of Fish in Australian Desert Springs: Role of Large-
753 Mammal Disturbance. Diversity and Distributions Wiley 13: 789-798.

754 = Kovac, K.-J,, 2003. Bird surveys at Dalhousie Springs Expedition Witjira: interim report, 12th - 26th July 2003. Scientific

755 Expedition Group with National Parks and Wildlife and Department of Environment and Heritage, Unley, South Australia.

756 = Kovac, K.-J,, & D. A. Mackay, 2009. An experimental study of the impacts of cattle on spider communities of artesian springsin
757 South Augtralia. Journal of Insect Conservation 13: 57-65.

758 = Kuhar, F., G. Furci, E. R. Drechder-Santos, & D. H. Pfister, 2018. Delimitation of Funga as avalid term for the diversity of
759 fungal communities: the Fauna, Flora & Funga proposa (FF&F). IMA Fungus BioMed Central 9: A71-A74.

760 = Lamb, K.-J, N. Munro, & D. Nigjalke, 2002. Fire in the desert: impact of fire on mound spring invertebrates. Proceedings of the
761 4th Mound Spring Researchers Forum 2001, Department of Environment and Heritage, Adelaide .

762 = Lewis, M. M., & D. White, 2013. Evaluation of remote sensing approaches Volume IV: Spatial Survey and Remote Sensing of
763 Artesian Springs of the Western Great Artesian Basin. National Water Commission, Commonwealth of Australia, Canberra.
764 = Lewis, M. M., D. White, & T. Gotch, 2013. Allocating Water and Maintaining Springs in the Great Artesian Basin, Volume |V:
765 Spatial Survey and Remote Sensing of Artesian Springs of the Western Great Artesian Basin. National Water Commission,
766 Canberra.

767 = Lewis S., & C. Haris, 2020. Improving conservation outcomes for Great Artesian Basin springs in South Australia. The

768 Proceedings of the Royal Society of Queensland Royal Society of Queensland 126: 271-287.

769 »  Lewis, S, & J. G. Packer, 2020. Decadal changes in Phragmites austrais performance in Lake Eyre supergroup spring

770 communities following stock exclusion. Proceedings of the Royal Society of Queensland 126: 193-211.

771 *  Ling, H. U., D. P. Thomas, & P. A. Tyler, 1989. Micro-algae Natural History of Dalhousie Springs. Special Publication, South
772 Australian Museum, Adelaide, South Australia.
773 = Loveetal. (eds), 2013. Allocating Water and Maintaining Springs in the Great Artesian Basin, Volume 111: Groundwater

774 Discharge of the Western Great Artesian Basin. National Water Commission, Canberra.

775 = MocLaren, N., D. Wiltshire, & R. Lesslie, 1985. Biological assessment of South Australian mound springs Heritage of the mound
776 springs. Unpublished report prepared for The South Austrdian Department of Environment and Planning, South Austraia.

777 = MocLaren, N., D. Wiltshire, & R. Lesslie, 1986. Olympic Dam Project supplementary environmental studies, Mound Springs.
778 Adelaide, Roxby Management Services Pty Ltd.

779 =  Meyer, D., & C. Buchta, 2022. proxy: Distance and Similarity Measures. , https//cran.r-

780 project.org/web/packages/proxy/index.html.

781 = Mitchell, B. D., 1985. Limnology of mound springs and temporary pools south and west of Lake Eyre South Australia’ s mound
782 springs. Nature Conservation Society of South Austraia Inc., Hyde Park Press, Plympton, South Australia

783 = Mollemans, F. H., 1989. Terrestrial and semi-aquatic plants Natural History of Dalhousie Springs. Special Publication, South
784 Australian Museum, Adelaide, South Australia.

785 = Morton, S., M. D. Doherty, & R. D. Barker, 1995. Natural heritage values of the Lake Eyre Basin in South Australia: World
786 Heritage assessment. Department of the Environment, Sport and Territories, Canberra.

787 = Mudd, G. M., 2000. Mound springs of the Great Artesian Basin in South Australia: a case study from Olympic Dam.

788 Environmental Geology 39: 463-476.

789 = Murphy, N. P.,, M. Adams, & A. D. Austin, 2009. Independent colonization and extensive cryptic speciation of freshwater

790 amphipods in the isolated groundwater springs of Australia’ s Great Artesian Basin. Molecular Ecology 18: 109-122.

791 = Murphy, N. P, M. Adams, M. T. Guzik, & A. D. Austin, 2013. Extraordinary micro-endemism in Australian desert spring

792 amphipods. Molecular Phylogenetics and Evolution 66: 645-653.

793 = Murphy, N. P, M. F. Breed, M. T. Guzik, S. J. B. Cooper, & A. D. Austin, 2012. Trapped in desert springs: phylogeography of
794 Australian desert spring snails. Journal of Biogeography 39: 1573-1582.

795 = Murphy, N. P.,, M. T. Guzik, S. J. B. Cooper, & A. D. Austin, 2015. Desert spring refugia: museums of diversity or evolutionary
796 cradles?. Zoologica Scripta 44: 693-701.

797 =  New South Wales Department of Planning, Industry and Environment, 2021. Hydrogeology and ecology survey of the Great
798 Artesian Basin springsin NSW — Survey methodology and results, NSW Government.

799 = Noack, D., 1994. Date pams and the exotic flora of Dalhousie Springs. South Australian Geographica Journal 93: 81-89.
800 *  NSW National Parks and Wildlife Service, 2002. Salt Pipewort (Eriocaulon carsonii) recovery plan. Hurstville, New South
801 Wales.

802 *  Nursey-Bray, M. & Arabana Aboriginal Corporation, 2015. Cultural indicators, country and culture: the Arabana, change and
803 water. The Rangeland Journal 37: 555.

20


https://doi.org/10.1101/2023.10.29.564639
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.10.29.564639; this version posted November 1, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC 4.0 International license.

804 = Nursey-Bray, M., R. Palmer, A. Stuart, V. Arbon, & L -I. Rigney, 2020. Scale, colonisation and adapting to climate change:

805 Insights from the Arabana people, South Australia. Geoforum 114: 138-150.

806 = Obura, D. 0., G. Aeby, N. Amornthammarong, W. Appeltans, N. Bax, J. Bishop, R. E. Brainard, S. Chan, P. Fletcher, T. A. C.
807 Gordon, L. Gramer, M. Gudka, J. Halas, J. Hendee, G. Hodgson, D. Huang, M. Jankulak, A. Jones, T. Kimura, J. Levy, P.

808 Miloslavich, L. M. Chou, F. Muller-Karger, K. Osuka, M. Samoilys, S. D. Simpson, K. Tun, & S. Wongbusarakum, 2019. Coral
809 Reef Monitoring, Reef Assessment Technologies, and Ecosystem-Based M anagement. Frontiersin Marine Science 6:,

810 https://www.frontiersin.org/articles/10.3389/fmars.2019.00580.

811 »=  Ordens, C., N. Mclntyre, J. Underschultz, T. Ransley, C. Moore, & D. Mallants, 2020. Preface: Advances in hydrogeologic
812 understanding of Australia’s Great Artesian Basin. Hydrogeology Journal Online: 1-11.

813 = Page T.J, K. von Rintelen, & J. Hughes, 2007. Anisland in the stream: Australia's place in the cosmopolitan world of Indo-
814 West Pacific freshwater shrimp (Decapoda: Atyidae: Cariding). Molecular phylogenetics and evolution .

815 = Perkins, P. D., 2005. A revision of the water beetle genus Gymnochthebius Orchymont (Coleoptera: Hydraenidae) for Australia
816 and Papua New Guinea. Zootaxa 1024: 1.

817 = Ponder, W. F., 1995. Mound spring snails of the Australian Great Artesian Basin The conservation biology of molluscs. IUCN,
818 Gland, Switzerland: 13-18.
819 = Ponder, W. F., 1996a. IUCN Red List of Threatened Species: Fonscochlea accepta. IUCN Red List of Threatened Species,

820 https://www.iucnredlist.org/en.

821 = Ponder, W. F., 1996b. IUCN Red List of Threatened Species: Trochidrobia smithi. IUCN Red List of Threatened Species,

822 https://www.iucnredlist.org/en.

823 = Ponder, W. F., 1996¢. IUCN Red List of Threatened Species: Trochidrobiainflata. IUCN Red List of Threatened Species,

824 https://www.iucnredlist.org/en.

825 = Ponder, W. F., 1996d. IUCN Red List of Threatened Species: Fonscochlea billakalina. IUCN Red List of Threatened Species,
826 https://www.iucnredlist.org/en.

827 = Ponder, W. F., D. J. Colgan, T. Terzis, S. A. Clark, & A. C. Miller, 1996. Three new morphologically and genetically determined
828 species of hydrobiid gastropods from Dalhousie Springs, northern South Australia, with the description of anew genus.

829 Molluscan Research Taylor & Francis 17: 49-109.

830 = Ponder, W. F., P. Eggler, & D. J. Colgan, 1995. Genetic differentiation of aquatic snails (Gastropoda: Hydrobiidag) from artesian
831 springs in arid Australia. Biological Journa of the Linnean Society 56: 553-596.

832 = Ponder, W., R. Hershler, & B. Jenkins, 1989. An endemic radiation of hydrobiid snails from artesian springs in northern South
833 Audtralia: their taxonomy, physiology, distribution and anatomy. Malacologia 31: 1-140.

834 »  Priestley, S. C, K. E. Karlstrom, A. J. Love, L. J. Crossey, V. J. Polyak, Y. Asmerom, K. T. Meredith, R. Crow, M. N. Keppel,
835 & M. A. Habermehl, 2018. Uranium series dating of Great Artesian Basin travertine deposits: Implications for

836 palaeohydrogeology and palaeoclimate. Palacogeography, Palaeoclimatology, Palaeoecology 490: 163-177.

837 = QGIS Association, 2023. QGIS.org. QGIS Geographic Information System. , hitps:/qgis.org.
838 *  Queensland Department of Regional Development, Manufacturing and Water, 2023. Queensland’ s plan to protect our Great

839 Artesian Basin. ArcGIS StoryMaps. , https./storymaps.arcgis.com/stories’ 259e2ef 480944 799fb2465ba2821877.

840 *  Queensland Government, 2018. Springs database. Open Data Portal. corporateName=The State of Queensland;

841 jurisdiction=Queensland, https://www.data.qld.gov.au/dataset/springs.

842 = R CoreTeam, 2023. R: A Language and Environment for Statistical Computing. R Foundation for Statistical Computing,
843 Vienna, Austria, https://www.R-project.org/.

844 *  Read, J. L., 1997. Stranded on Desert |slands? Factors Shaping Animal Populations in Lake Eyre South. Global Ecology and
845 Biogeography L etters Wiley 6: 431-438.

846 *  Rossini, R. A., 2020. Current State and Reassessment of Threatened Species Status of Invertebrates Endemic to Great Artesian
847 Basin Springs. Proceedings of the Royal Society of Queensland 126: 225-248.

848 * Rossini, R. A., R. J. Fensham, B. Stewart-Koster, T. Gotch, & M. J. Kennard, 2018. Biogeographical patterns of endemic
849 diversity and its conservation in Australia’ s artesian desert springs. Diversity and Distributions 24: 1199-1216.

850 = Sacco, M., M. T. Guzik, M. van der Heyde, P. Nevill, S. J. B. Cooper, A. D. Austin, P. J. Coates, M. E. Allentoft, & N. E. White,
851 2022. eDNA in subterranean ecosystems: Applications, technical aspects, and future prospects. Science of The Total

852 Environment 820: 153223,

853 = Skinner, S, 1989. Larger filamentous algae (Chlorophyta and Chrysophyta) from Dalhousie and other mound springs Natural
854 History of Dalhousie Springs. Special Publication, South Australian Museum, Adelaide, South Australia.

855 =  Sluys, R., 1986. First representative of the order Macrostomidain Austrdia (Platyhelminthes, Macrostomidae). Records of the
856 South Australian Museum 19: 399-404.

857 = Sokol, A., 1987. Yabbies at Dalhousie Springs, northern South Australia: morphological evidence for long-term isolation.
858 Transactions of the Royal Society of South Australia, Incorporated. 111: 207-210.

859 = South Australian Department for Environment and Water, 2023. WaterConnect. , https:.//www.waterconnect.sa.gov.au.

860 = Stl, S, L. Yarmey, J. Cutcher-Gershenfeld, B. Hanson, K. Lehnert, B. Nosek, M. Parsons, E. Robinson, & L. Wyborn, 2019.
861 Make scientific data FAIR. Nature 570: 27-29.

862 = Stringer, D. N., R. A. King, S. Taiti, M. T. Guzik, S. J. B. Cooper, & A. D. Austin, 2019. Systematics of Haloniscus Chilton,

863 1920 (Isopoda: Oniscidea: Philosciidag), with description of four new species from threatened Great Artesian Basin springsin
864 South Australia. Journal of Crustacean Biology 39: 651-668.

865 = Symon, D. E., 1984. A checklist of plants at Dalhousie and their immediate environs. Journal of the Adelaide Botanic Garden
866 Board of the Botanic Gardens and State Herbarium, Adelaide, South Australia 7: 127-134.

867 =  Thompson, M. B., 1985. Reptiles of the mound springs area South Austraia’ s mound springs. Nature Conservation Society of
868 South Augtralia Inc., Hyde Park Press, Plympton, South Australia.

869 =  Unmack, P. J,, & T. E. Dowling, 2010. Biogeography of the genus Craterocephalus (Teleostei: Atherinidae) in Australia.
870 Molecular Phylogenetics and Evolution 55: 968-984.

21


https://doi.org/10.1101/2023.10.29.564639
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.10.29.564639; this version posted November 1, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC 4.0 International license.

871 = Vaughan, H., T. Brydges, A. Fenech, & A. Lumb, 2001. Monitoring Long-Term Ecological Changes Through the Ecological
872 Monitoring and Assessment Network: Science-Based and Policy Relevant. Environmental Monitoring and Assessment 67: 3-28.
873 = Voros, J., 2017. Hunting the olm with eDNA. Herpetological Review 48: 266.

874 »  West, K. M., Z. T. Richards, E. S. Harvey, R. Susac, A. Grealy, & M. Bunce, 2020. Under the karst: detecting hidden

875 subterranean assemblages using eDNA metabarcoding in the caves of Christmas Island, Australia. Scientific Reports Nature
876 Publishing Group 10: 21479.

877 *  White, D. C., & M. M. Lewis, 2011. A new approach to monitoring spatial distribution and dynamics of wetlands and associated
878 flows of Australian Great Artesian Basin springs using QuickBird satellite imagery. Journal of Hydrology 408: 140-152.

879 *  Wickham, H., 2016. ggplot2: Elegant Graphics for Data Analysis. Springer-Verlag New Y ork, https.//ggplot2.tidyverse.org.
880 = Wilkinson, M. D., M. Dumontier, 1j. J. Aabersberg, G. Appleton, M. Axton, A. Baak, N. Blomberg, J.-W. Boiten, L. B. daSilva

881 Santos, P. E. Bourne, J. Bouwman, A. J. Brookes, T. Clark, M. Crosas, |. Dillo, O. Dumon, S. Edmunds, C. T. Evelo, R. Finkers,
882 A. Gonzalez-Beltran, A. J. G. Gray, P. Groth, C. Goble, J. S. Grethe, J. Heringa, P. A. C. 't Hoen, R. Hooft, T. Kuhn, R. Kok, J.
883 Kok, S. J. Lusher, M. E. Martone, A. Mons, A. L. Packer, B. Persson, P. Rocca-Serra, M. Roos, R. van Schaik, S.-A. Sansone, E.
884 Schultes, T. Sengstag, T. Slater, G. Strawn, M. A. Swertz, M. Thompson, J. van der Lei, E. van Mulligen, J. Velterop, A.

885 Waagmeester, P. Wittenburg, K. Wolstencroft, J. Zhao, & B. Mons, 2016. The FAIR Guiding Principles for scientific data

886 management and stewardship. Scientific Data Nature Publishing Group 3: 160018.

887 = WitjiraNational Park Co-management Board, 2022. Witjira National Park management plan. National Parks and Wildlife
888 Service South Australia.

889 = Zeidler, W., 1989. Crustacea Natural history of Dalhousie springs. South Australian Museum, Adelaide, South Austrdia.

890 = Zeidler, W., 1991. A new genus and species of phreatic amphipod (Crustacea: Amphipoda) belonging in the “chiltonia’ generic

891 group, from Dahousie Springs, South Australia. Transactions of the Royal Society of South Australia, Incorporated. 115: 177—
892 187.

893 »  Zeidler, W., 1997. A new species of freshwater amphipod, Austrochiltonia dalhousiensis sp. Nov., (Crustacea: Amphipoda:
894 Hyalellidae) from Dahousie Springs, South Australia. Transactions of the Royal Society of South Australia, Incorporated:
895 incorporating the records of the South Australian Museum 121: 29-42.

896 = Zedler, W., & W. F. Ponder, 1989. The natural history of Dalhousie Springs. Specia Publication, South Australian Museum.

897 8 Statements and Declar ations

898 8.1 Author contributions

899 Funding for PGBH was provided by contract research via BHP Group Ltd. Funding for BAH was provided by an

900  Australian Government Research Training Program (RTP) Scholarship, the Roy and Marjory Edwards Scholarship as
901  administered by Nature Foundation, and the Justin Costelloe Scholarship as administered by the Kati Thanda—Lake
902  Eyre Basin Authority, Department of Agriculture, Water and the Environment. Funding for MTG was provided by the
903  Australian Research Council (grant LP190100555) in partnership with Curtin University, The University of Adelaide,
904  BHP Group Ltd., Rio Tinto Ltd., Chevron Australia Pty Ltd., Western Australian Museum, South Australian Museum,
905  the Department for Biodiversity, Conservation and Attractions (WA), the Western Australian Biodiversity Science
906 Institute, Department of Water and Environmental Regulation (WA).

907 82 Competing inter ests

908  Theauthorsfedl it isimportant to disclose that authors PGBH and MTG, independent researchers affiliated with The
909  University of Adelaide and South Australian Museum, received financial support from industry stakeholdersin

910  conducting this study. This funding did not influence the design, data collection, analysis, or reporting of this study.
911 Research findings and conclusions expressed in this publication are based solely on the anadlysis of the data and the
912  scientific merit of the paper.

913

914

915

22


https://doi.org/10.1101/2023.10.29.564639
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.10.29.564639; this version posted November 1, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC 4.0 International license.

916 9 Tables

917 Table 1: Records of possble local extinctions of faunain the SA GAB springs. To our knowledge there are no records of
918 floral extinctionsin the SA GAB. » Taxon represents multiple genetically distinct clades which we consider putative
919  species, but which of these were present in the below location(s) prior to their apparent extirpation is unknown. KT-LE
920  Sth=Kati Thanda-Lake Eyre South. * GAB spring endemic.

Taxon Broad grouping Spring group(s) Spring complex(es)
Phreatomerus latipes* Isopod Venable, Marrinha/ Hergott Hermit Hill, Marree
Ngarawa dirga* Ostracod Venable, Manda-wardunha/ Mundowdna Hermit Hill, Marree
Fonscochlea accepta* Hydrobiid snail Venable, Palura Pintjanha/ Priscilla Hermit Hill, KT-LE Sth
Fonscochlea aquatica™* Hydrobiid snail Margaret Francis Swamp
Fonscochlea billakalina* Hydrobiid snail Margaret Francis Swamp
Fonscochlea variabilis™ Hydrobiid snail Venable, Palura Pintjanha/ Priscilla Hermit Hill, KT-LE Sth
Trochidrobia punicea’™* Hydrobiid snail Venable, Palura Pintjanha/ Priscilla Hermit Hill, KT-LE Sth
Trochidrobia smithii®* Hydrobiid snail Margaret Francis Swamp
Sinumelon pedasum Camaenid snail Irrwanjira/ Errawanyera Ddhousie
. . ) Irrwanjira/ Errawanyera, Frog Dreaming, Kirki / Dalhousie .
Chlamydogobius gloveri Fish Proper, Cadni Dreaming Dahousie
Craterocephalus eyresii Fish Old Nilpinna, Thuntinha/ Toondina Peake Creek, Toondina
Leiopotherapon unicolor Fish Idnjundura/ Kingfisher, llpikwa Ddhousie
Mogurnda thermophila Fish Frog Dreaming Dalhousie
921
922
923
924
925
926
927
928
929
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