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Abstract
Aim: Springs in the Australian arid zone are distinct from other waterways because
they house a large number of endemic species. We aimed to assess spatial patterns
in endemic diversity at a basin-wide scale and whether environmental features can
help to explain them. In doing so, we take the opportunity to summarize the current
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Methods: We combine data regarding the location of springs with published GIS lay-
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ceans and plants endemic to these springs. The majority of endemic species are in-
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(<61 km2). Endemic taxa are concentrated in 75 of the 326 spring complexes. Spring

Location: Great Artesian Basin (GAB), arid and semiarid regions of eastern Australia
ers regarding environmental characteristics and a literature review of all species and
subspecies documented in the published literature to be endemic to GAB springs.
Results: We found evidence of 96 species and subspecies of fishes, molluscs, crustavertebrates with geographical distributions limited to a single spring complex
complexes with a large number of springs, high connectivity via drainage basins and
low rainfall were more likely to contain endemic taxa, but environmental models
were poor predictors of diversity. Only 24% spring complexes with high conservation
value are within conservation reserves, and the majority of endemic species are unassessed under the IUCN and Australian conservation legislation, particularly the
invertebrates.
Main conclusions: Diversity in this system is underestimated given the current rate
of species discovery and prevailing data deficiency for many taxa. Historical processes and species-specific environmental requirements may be more important for
explaining why diversity is concentrated in particular complexes. Almost a decade
after this system was listed as endangered, most complexes of high conservation
value remain outside of conservation reserves, and the endangered species status of
many taxa, and particularly the invertebrates, remain unassessed.
KEYWORDS

aquifers, crenobiology, freshwater biogeography, groundwater-dependent ecosystems, spring
snails

1 | I NTRO D U C TI O N

endemic diversity (Dudgeon et al., 2006). Groundwater-dependent
ecosystems such as springs are particularly vulnerable and over-

Freshwater environments are one of the most altered and under-

utilized (Danielopol, Griebler, Gunatilaka, & Notenboom, 2003;

conserved global ecosystems, despite the fact they are “hotspots” of

Famiglietti, 2014). Springs are vital freshwater refugia in arid regions
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(Kreamer & Springer, 2008; Shepard, 1993; Unmack & Minckley,

prevailingly narrow ranges and unique histories of each complex may

2008), where they provide permanent water for cosmopolitan spe-

create location-specific suites of endemic taxa. Endemic species also

cies, as well as specialized habitat for geographically distinct radi-

appear concentrated in particular areas, yet information on basin-

ations of species endemic to springs (Cantonati, Füreder, Gerecke,

wide patterns of biodiversity and whether spring localities with high

Juttner, & Cox, 2012; Fensham, Silcock, Kerezsy, & Ponder, 2011;

diversity have particular physical features is currently unknown.

Myers & Resh, 1999; Ponder, 1995). Despite these ecological values, springs across the globe share parallel stories of fragility and

To facilitate the ongoing conservation of GAB springs at a basin-
wide scale, this assessment focussed on the following aims:

destruction, warranting a call for attention to their plight (Cantonati
et al., 2016; Fairfax & Fensham, 2003; Stevens & Meretsky, 2008;
Unmack & Minckley, 2008).
In an Australian context, one of the worlds’ largest actively recharging aquifers (the Great Artesian Basin, or GAB) (Richey et al.,

1. collate a list of all taxa endemic to GAB springs, including
subspecies and clades
2. review and update information regarding the basin-wide distribution of these taxa

2015) feeds thousands of springs that span the arid and semiarid

3. analyse spatial patterns in the composition, richness and diversity

zones (Figure 1) (Habermehl, 1982). Springs fed by the GAB are

of GAB spring complexes and use this to update conservation

distinct from others in the arid zone because their source aquifer

ranks

is large (1,700,000 km2) and deep (up to 2 km) (Figure 1). In the
arid western margin of the GAB, there is evidence to suggest GAB
springs have been present between 300 Ka to 6 Ka, although some
sites appear to have been discharging GAB water for over 1 Ma
(Love et al., 2013; Priestley et al., 2013). They are home to a high
diversity of arid zone aquatic species, most of which are endemic to

2 | M E TH O DS
2.1 | The GAB system

the system and are restricted in their geographical range (<50 km2)

The Great Artesian Basin extends over the eastern portion of the

(Fensham et al., 2011; Ponder, 1995). This endemic diversity is

Australian continent (Figure 1). Water enters along the basin edges

thought to be a product of two processes: species dispersing to

and generally flows in a south-westerly direction where, in particu-

springs and subsequently becoming isolated, and springs providing

lar places, it is forced to the surface along faults and weaknesses

habitat for “relics” of the aquatic fauna that occupied the interior

as springs (Habermehl, 1982; Smerdon, Ransley, Radke, & Kellett,

before aridification in the Miocene (Ponder, 1985). In both cases,

2012). As these geological conduits are localized, individual GAB

their isolation in combination with climatic changes is thought

spring vents (and the resulting wetlands, counted here as springs)

to have accelerated divergence and speciation (Murphy, Guzik,

generally form in clusters, which are referred to as “complexes”.

Cooper, & Austin, 2015; Ponder, 1985).

These are then grouped at a basin-wide scale into 13 “supergroups”

Physical modification and unrestricted extraction of water

(Figure 1). A complex can contain one or hundreds of springs, but

from the GAB has caused considerable degradation of springs hab-

they are defined by their grouping within a single geomorphological

itat (Fairfax & Fensham, 2002, 2003; Fensham, Silcock, Powell, &

setting (for more see Appendix S1). This study uses these spring com-

Habermehl, 2016; Powell, Silcock, & Fensham, 2015), increas-

plexes, not individual springs, as the smallest spatial unit in analyses.

ing the extinction risk of the narrow-range species that rely on it

Information regarding the number of springs in each complex and

(Ponder, 1994; Ponder & Walker, 2003). This story is common to

their locations was taken from two publically available databases—

springs across the globe (Cantonati, Füreder, et al., 2012; Powell

the Lake Eyre Basin Springs Assessment (LEBSA) available through

et al., 2015; Stevens & Meretsky, 2008; Unmack & Minckley, 2008).

the Queensland Government and WaterConnect available through

National efforts to stem biodiversity loss in Australian springs began

the South Australian government. The final data set analysed for this

when GAB springs came under federal protection (listed under the

study considered the entire GAB spring system to contain 326 spring

Environmental Protection and Biodiversity Conservation Act 1999).

complexes (full spring data set available in Appendix S2).

A review was conducted as a recovery plan for this “community”
(Fensham, Ponder, & Fairfax, 2010); however, this remains the only
basin-wide assessment of diversity in the system.
Of the range of species that utilize GAB springs (Fensham et al.,

2.2 | Environmental characteristics of spring
complexes

2011), those endemic to the system have the most specific habitat

The area of each spring complex and its centroid were calculated

requirements and restricted ranges (Ponder, Hershler, & Jenkins,

using a minimum-
bounding polygon. Information concerning the

1989; Rossini, Fensham, & Walter, 2017; Rossini, Tibbetts, Fensham,

environmental characteristics of each spring complex was obtained

& Walter, 2017) and are thus the most vulnerable to habitat degra-

intersecting publically available GIS layers with the spring complex

dation. Taxa endemic to springs are being described at a rapid rate,

centroid or the area within the complex polygon (Table 1). Variables

but diversity in the system has not been reviewed in over a decade.

were selected to capture the complex size, physical characteristics,

This is particularly concerning as protection of these organisms as

spatial proximity, hydrologic connectivity, climate and topography

a “community” implies some form of homogeneity; however, the

(Table 1).
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Great Artesian Basin

Arid zone (Koppen-Geiger)

Spring supergroup

Semi-arid zone (Koppen-Geiger)
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F I G U R E 1 The Australian continent with the arid and semiarid zones (dark and light brown, respectively) overlaid with the extent of
the Great Artesian Basin (stippled) and the regions of the 13 spring supergroups (dashed lines). Flanking this are examples of the landscape
context (top), and Great Artesian Basin-fed springs from two complexes (centre left—Dalhousie, right—Pelican Creek, photographs: Renee
Rossini) and taxa endemic to one: Scaturiginichthys vermeilipinnis (photograph: Adam Kerezsy) and Eriocaulon aloefolium (photograph: Rod
Fensham) [Colour figure can be viewed at wileyonlinelibrary.com]

2.3 | Endemic taxa and their distributions

conclusions. A discussion was facilitated between all included parties until a final consensus was agreed upon. Which complexes were

The list of species to be included in this review as endemic to GAB

occupied by each of the taxa on the final list was ascertained from

springs was derived using a three-stage literature review consisting

the EPBC list of species within the threatened community, from

of (1) construction of a list of candidate species and subspecies, (2)

published accounts and from discussions with experts. Where the

literature review of currently available published information per-

subspecies in a particular complex was not directly ascertainable

taining to each taxon and (3) expert consultation regarding the re-

from the literature or experts, the geographical location and pre-

view, endemic status and distribution. Steps one and two included

vious knowledge regarding connectivity between complexes were

diatoms, micro-and macroalgae, amphibian, fishes, decapod crus-

consulted, and a subspecies affinity assigned to the taxon by the au-

taceans, microcrustaceans (ostracods, cladocerans and copepods),

thors. Details regarding the literature review, expert consultation and

spiders and mites, flatworms, oligochaetes and insects. However,

decisions about distribution for each taxon are all documented and

sufficient information was unavailable for the majority so they were

are accessible at https://www.dropbox.com/sh/qjr8zivh9uywme6/

excluded from step three and the biogeographical analysis (see

AAC2KD3ya--9P_i9ASJaGr2Na?dl=0.

Appendix 3 for full list assessed, and Appendix 4 for the full list included in step three and the analysis). Any taxon previously documented as a single species but now considered a complex of multiple

2.4 | Spatial patterns of endemic biodiversity

species was expanded. Species were included as multiple subspecies

We quantified spatial variation in measures of biodiversity using

where they have been officially described (e.g., Eriocaulon carsonii

the final list of taxa and their distributions resulting from the re-

in Davies et al., 2007). Where there are published reports of diver-

view process outlined in the previous section (see Appendix 4 for

gence equivalent of species or subspecies level splits, but no official

list). Attributes selected to capture taxa richness, distinctiveness

further classification as yet, groups deemed significantly different

and their spatial restrictedness were calculated for each complex

by the author are included here as subspecies (for more detail on the

(Table 2). All measures of biodiversity were mapped onto the cen-

logic behind the inclusion of subspecies, see Appendix S1).

troid for each complex and overlaid on the most current silhouette

Experts in each of the five groups of organisms were identified
as anyone publishing research concerning the taxon, as well as on-

of the GAB (Geoscience Australia, 2017).
We assessed homogeneity of the GAB springs “community” and

the-ground managers of springs. The summaries and classifications

calculate how many unique combinations of taxa are present within

of endemic taxa were shared with experts for their opinion on the

the system, using ordination methods (Legendre and Legendre
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TA B L E 1 Environmental attributes of spring complexes hypothesized to be ecologically important determinants of the distribution of
endemic flora and fauna. Attributes were used as candidate predictor variables in explanatory models of biodiversity attributes and species
distributions. An explanation and method of derivation for each attribute are given. The location, complex membership and physical
characteristics of vent/springs are sourced from Lake Eyre Basin Springs Assessment data sets. Climate, topography and primary
productivity data sourced from Stein, Hutchinson, and Stein (2014). Water Observations from Space data set sourced from Mueller et al.
(2016)
Environmental attribute

Unit

Explanation and method of derivation
Represents potential likelihood of supporting greater number of species (based on
species–area relationship theory)

Complex size
Total number of springs per
complex

Count

Total number of springs per complex

Total complex area

ha

Total complex area estimated by calculating a minimum area polygon around spring
centroids within each complex
Description of the surface composition and general morphology of spring vents (derived
from field surveys of 170 Qld complexes only, equivalent information unavailable for
SA)

Physical characteristics

Dominant surface composition
of vents

% of vents per
complex

Categorical description of the dominant surface composition of the vent as either peat,
mud (exuded), rocky seep (fractured), sand/silt, carbonate (travertine) or water/soak

General morphology of vents

% of vents per
complex

Categorical description of the general morphology of the vent as either mound, flat,
closed depression (concave), open depression (watercourse) bed, open depression
(watercourse) bank or terraced.
Represent surrogates for biogeographical and ecological mechanisms that influence
species distributions (e.g., dispersal and recolonization processes)

Spatial proximity and hydrologic
connectivity
Mean Euclidean distance

km

Average Euclidian distance between each complex and all other complexes (higher
number = more isolated)

Count connected by drainage
network

Count

Count of the number of complexes that are connected to a given complex via the 9”
DEM-derived drainage network (lower number = more isolated)

Mean drainage network
distance

km

Average of the drainage network distance between a given complex and all other
complexes that are hydrologically connected (higher number = more isolated)

Count connected by surface
water inundation areas

Count

Count of the number of complexes that are connected to a given complex via surface
water inundation areas (based on Water Observations from Space data set) (lower
number = more isolated)

Mean surface water inundation
distance

km

Average of the surface water inundation distance between a given complex and all other
complexes that are hydrologically connected (higher number = more isolated)
Represent surrogates for critical environmental regimes (light, moisture and thermal) and
habitat characteristics that influence species distributions. (calculated as the mean of
spring centroid values within each complex)

Climate, topography and primary
productivity
Elevation
Mean annual solar radiation
Mean annual air temperature

m

Estimated using 9″ DEM

MJ m

−2

−1

day

°C

Measure of the rate of solar energy arriving at the Earth’s surface from the Sun’s direct
beam. Influences water temperature and evaporation rates
Influences rates of aquatic chemical and biological processes and distributions of species
(e.g., thermal tolerances)

Mean annual rainfall

mm

Influences aquatic habitat availability and connectivity, soil moisture, rates of weathering of rock and hence their hydrogeological properties and the release and transport of
solutes and materials

Mean annual rainfall erosivity

(MJ mm)/
(ha hr−1 year−1)

Indicator of rainfall intensity, an important influence on processes of infiltration, run-off
generation and erosion

Mean annual net terrestrial
primary productivity

tC/ha

Primary productivity is the measure of carbon intake by plants during photosynthesis,
and this measure is an important indicator for studying the health for plant communities. Net Primary Productivity (NPP) is the amount of carbon uptake after subtracting
Plant Respiration (RES) from Gross Primary Productivity (GPP)

(2012) and Borcard, Gillet, and Legendre (2011) for R Studio (R Core

“vegdist” (Oksanen et al., 2007). Complexes were then clustered

Team, 2015)). We first constructed a dissimilarity matrix for the

using this dissimilarity matrix with a range of methods (as recom-

presence–absence data in spring complexes that contained endemic

mended in Borcard et al., 2011), with Ward’s hierarchical cluster-

species using the “altGower” function within the “vegan” package

ing returning results most parsimonious with the original distance
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TA B L E 2 Method, rationale and key references for each of the biodiversity attributes used to characterize spring complexes based on the
number and phylogenetic affinity of endemic taxa with sufficient data to be included in the review (see Appendix 4 for the full list)
Biodiversity
attribute

Method, rationale and key reference

Taxonomic richness
(S)

Number of taxa in a spring complex (also referred to as alpha diversity)

Taxonomic diversity
(H′)

Shannon Diversity. An index that incorporates the number of taxa and the evenness of the distribution of individuals
across species (we used area of occupancy in spring complexes as our measure of abundance). The index can increase
either by having additional unique taxa or by having greater taxon evenness

Taxonomic
endemism (TE)

An index of endemism identifying areas where taxa with restricted ranges are concentrated. Based on the number of
taxa within a spring complex weighed by the inverse of each taxon’s distribution range (also known as weighted
endemism). This index ranges from one, where all taxa in a complex have broad geographical ranges, to infinity, with
large values indicating the presence of taxa with range-size rarity (i.e., areas with high endemism) (Rebelo & Siegfried,
1992)

Phylogenetic
diversity (PD)

A measure of diversity based on units of phylogenetic variation (instead of taxa) (Faith, 1992; Faith, Reid, & Hunter,
2004) PD is calculated as the sum of those branch lengths of the phylogenetic tree representing the taxa occurring in a
spring complex. Areas with high PD may represent centres of current speciation and may be important areas to protect
for maintenance of evolutionary processes. High PD could arise by having a high number of closely related taxa or by
having few taxa that are phylogenetically divergent from one another. PD incorporates complementarity in that the
score contributed by a given taxon in a spring complex depends on how closely it is related to other taxa present.
Complete molecular phylogenies are not available for most taxonomic groups and taxa considered in this study, so we
used published phylogenies and assumed equal branch lengths (Appendix 1, Fig. S2)

Phylogenetic
endemism (PE)

Phylogenetic endemism (PE) is a measure of the degree to which elements of evolutionary history are spatially restricted
in space. PE combines the phylogenetic diversity (PD) and taxonomic endemism (TE) measures to identify areas where
substantial components of phylogenetic diversity are restricted (Rosauer, Laffan, Crisp, Donnellan, & Cook, 2009). To
estimate the degree of PE represented by the taxa in a given area, the range size of each branch of the phylogenetic
tree (rather than the range of each taxon) is quantified. PE is therefore the sum of branch length ⁄ clade range for each
branch on the tree (where a clade is a single branch on the tree consisting of an organism and all its descendants)

Assemblage beta
diversity (BD)

Assemblage beta diversity is defined as the variability in species composition among sampling units for a given area and
was measured as the average dissimilarity from individual observation units (spring complexes) to their group centroid
(all spring complexes) in multivariate space, using the Bray–Curtis dissimilarity measure (Anderson, Ellingsen, &
McArdle, 2006)

matrix (ascertained using cophenetic correlation) that did not sink

(continuous data). All models were fitted using R (R Core Team,

distinctive complexes into large dissimilar groups (e.g., WPGMA had

2015).

a similar Cophenetic correlation, but sunk Dalhousie (a highly dis-

The binomial component of the ZIP model produced a predicted

tinctive complex, see Results) into a group with Kati Thanda (Lake

probability of occurrence of nonzero response data (i.e., contains one

Eyre) springs). The final number of groups was ascertained using op-

or more taxa) at each complex. We used the taxon prevalence across

timal silhouette widths and the Mantel test (Borcard et al., 2011).

complexes containing one or more taxa (i.e., 76 of 326 complexes,

Clustering to between 17 and 33 groups had relatively equal average

prevalence = 0.233) as a threshold to convert these probabilities to a

silhouette widths, so each silhouette plot was visually assessed to

predicted presence or absence, which is appropriate when the objec-

ascertain the smallest number of groups with the fewest misaligned

tive is to derive unbiased estimates of prevalence (Freeman & Moisen,

group members (i.e., complexes with negative silhouette widths).

2008; Liu, Berry, Dawson, & Pearson, 2005). The majority of predictor
variables were poorly correlated; however, the count and mean hydro-

2.5 | Relationship between endemic
biodiversity and environmental characteristics

logic distance of complexes connected by the drainage network or by
surface water inundation were correlated with one another (r > 0.8),
so only the count variables were used as predictors. All predictor

To quantify relationships between environmental characteristics of

variables were scaled (range-standardized) prior to analysis. We used

spring complexes (Table 1) and spatial variation in each biodiversity

Akaike’s information criterion (AIC) to select the most probable model

attribute (Table 2; which were calculated from the taxa in Appendix

for each regression model, using the “glmulti” package (Calcagno & de

4 and their occupancy patterns in Appendix 2), we used zero-inflated

Mazancourt, 2010). We assessed the fit of the binomial component

multiple regression (hurdle models) (Cunningham & Lindenmayer,

by calculating the correct classification rate of the model and also by

2005). We used a Poisson distribution for the nonzero species rich-

calculating the area under the receiver operating characteristic (ROC)

ness component (binomial data) and log-normal regression models

curve (AUC), a common metric for assessing sensitivity and specific-

for the nonzero values of each of the other biodiversity attributes

ity of binomial models (Fielding & Bell, 1997). We estimated the ROC
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curve using the “pROC” package (Robin et al., 2011). The percentage
2

is endemic to a spring supergroup and occupies few (≤5) or many

variance explained (R ) was used to describe the best-fitting model for

complexes (>5) within it (Figure 2b and c, respectively). Finally, those

the continuous response variables.

with “broad” distributions occurred across many complexes (usually
>5) and multiple supergroups (comprising six plant taxa, Figure 2d).

2.6 | Updating Fensham and Price (2004)
conservation rank and review of conservation status

The only exception to these groups is one undescribed species of the
small plant Isotoma sp. (from Edgbaston), which is spread across two
supergroups but occupies only three complexes.

Fensham and Price (2004) published a ranking of spring complexes

Molluscs make up 52% of the endemic taxa (Figure 2e), and the

based on patterns of endemism and isolation in flora. This system

majority of these are restricted to a single spring complex (57%)

incorporates the number of species at a complex, the number of

(Appendix S4). The included groups of arthropod collectively ac-

complexes they occupy and the isolation of the population of each

count for 23% (amphipods and isopods 11 and 12%, respectively)

species in each complex (see Fensham & Price, 2004). We used their

(Figure 2e). A third of amphipods and isopods have narrow-range

method, but expanded the taxa list to include plants, fishes and

status, with the majority being endemic to a single supergroup. The

invertebrates.

fishes contribute 8% of the taxa (Figure 2e); most being endemic to

Taxa endemic to the GAB springs are protected under the

a single spring complex (Appendix S4). Vascular plants make up 16%

Australian Federal threatened species legislation within the “commu-

of the taxa, but differ from the fauna in being composed of approx-

nity of native species dependent on discharge of water from the GAB”

imately equal parts of all types of endemism except “broad super-

under the Environmental Protection and Biodiversity Conservation

group” (Figure 2d and e).

Act (EPBC Act). Some species are also listed individually, under either the EPBC or relevant state conservation acts, and have been
assessed using the IUCN Red List Criteria (IUCN, 2012). We documented whether each taxon included in this review was included in

3.2 | Spatial patterns of biodiversity of
endemic species

any of these legislative protections and the level at which they were

Seventy-six complexes contained one or more endemic taxa. There

listed. Taxa or populations can also be protected within National Parks,

was considerable spatial variation, but patterns in biodiversity attrib-

Conservation Reserves, Indigenous Protected Areas or within private

utes were generally consistent, and most attributes were highly cor-

landholder conservation agreements. We quantified representation

related (Pearson’s r > 0.5, Table 3). Complexes within the Barcaldine,

of endemic taxa within existing protected areas that meet the IUCN

Dalhousie, Lake Eyre and Eulo supergroups had the highest taxo-

definition using the most recent available version of the Collaborative

nomic richness and diversity (Figure 3). Assemblage beta diversity

Australian Protected Area Database (CAPAD, 2014). For each taxon,

was high in these supergroups, as well as Springvale. The Lake Eyre

we calculated the percentage of springs within any complex occupied

supergroup is distinct because complexes are taxon-rich, but have

by the species that fell within protected areas.

low phylogenetic diversity and endemism (Figure 3), a pattern created by the distribution of closely related taxa all with relatively large

3 | R E S U LT S
3.1 | Endemic taxa in GAB springs and their
distributions

geographical distributions and lower diversity of endemic plants.
Cluster analysis identified 33 distinct combinations of endemic
taxa, with very few complexes containing the same combination of
taxa (Figure 4). Complexes from the Eulo, Barcaldine, Lake Eyre and
Dalhousie supergroups host suites of taxa that are dissimilar to all

Many taxonomic groups likely to include endemic taxa were ex-

others. Many complexes from the Kati Thanda (Lake Eyre) region are

cluded from this assessment because insufficient data were available

similar, but suites of taxa from different regional clusters of com-

(Appendix S3). The final assessment incorporated 98 taxa (including

plexes are highly dissimilar. Complexes from the centre of the super-

species and subspecies) of plants, molluscs, fishes and crustaceans

group (codes with “C” and “B”) are dissimilar from those in the north

(Appendix S4). Forty-eight have full species status. Nineteen are

(codes with “N” or “E”) and south (codes with “H” or “W”). Only one

undescribed, but have sufficient expert support for their taxonomic

suite of taxa is distributed across different supergroups (see group

distinction at the species level. Two described species are repre-

19 in Figure 4); it contains a broadly distributed plant species (UFEN,

sented by multiple described subspecies, and seven are taxa that are

Utricularia fenshamii) and little else.

currently described as a single species but have evidence to suggest
they should be considered as a set of distinct species or subspecies.
When separated, these nine equate to a total of 27 taxa.
All taxa fell into one of four types of distribution (Figure 2a,

3.3 | Environmental predictors of endemic
biodiversity patterns

Appendix S4). The most frequent was “narrow” (44% of taxa),

Spring complexes with higher total number of spring wetlands, low

whereby a taxon is endemic to a single complex with an average total

spatial isolation, high drainage network connectivity and low mean

area of ~61 km2 (Figure 2a, Appendix S4). This is followed by “narrow

annual rainfall (for more details on each factor see Table 1) were

supergroup” and “broad supergroup” distributions, whereby a taxon

more likely to contain endemic taxa (correct classification rate of

|
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Fishes

Isopods

Amphipods
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(d)

Narrow
Narrow Supergroup
Broad Supergroup
Broad
F I G U R E 2 Examples of each of the four identified types of endemism as distribution maps of four representative taxa from each type:
(a) narrow, the fish Scaturiginichthys vermeilipinnis; (b) narrow supergroup, the isopod Ponderiella bundoona; (c) broad supergroup, the mollusc
Trochidrobia minuta; and (d) broad, the plant Myriophyllum artesium (the most broadly distributed taxon from this analysis). Dashed lines
indicate supergroup boundaries, and black circles indicate occupied complexes; (e) the relative contributions from each group of organisms
and the proportion of each endemism type (see legend for colour codes of each respective organism group and endemism type) [Colour
figure can be viewed at wileyonlinelibrary.com]
0.73, area under the ROC curve of 0.78, Table 4). However, mod-

of relationships (either positive or negative) between measures of

els that predicted variation in biodiversity attributes showed weak

diversity and environmental variables across all models (Table 4).

to moderate fits to the data (pseudo-r2 values ranging from 0.26

Complexes with higher biodiversity were generally larger, closer

to 0.38). There were generally consistent patterns in the direction

to other complexes (low degree of spatial isolation), and had high
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S

H’

TE

PD

PE

BD

Taxonomic richness
(S)
Taxonomic diversity
(H′)

0.944

Taxonomic endemism
(TE)

0.807

0.617

Phylogenetic
diversity (PD)

0.965

0.978

0.676

Phylogenetic
endemism (PE)

0.829

0.649

0.998

0.707

Assemblage beta
diversity (BD)

0.878

0.949

0.519

0.957

0.557

Conservation rank
(CR)

0.877

0.714

0.989

0.764

0.993

TA B L E 3 Correlation coefficients
(Pearson’s r) among biodiversity attributes
of spring complexes (n = 326)

0.618

drainage network connectivity and low rainfall erosivity. Complexes

The invertebrates are poorly represented in any conservation list-

with increasing geographical isolation and increasing hydrologic con-

ing (Figure 7) and are composed primarily of taxa with no population

nectivity among complexes were associated with lower biodiversity.

within a protected area. No endemic invertebrate taxa are listed as
threatened species individually under the EPBC act or any state-level

3.4 | Updated conservation ranking and
representation within conservation reserves

legislation, although some gastropods are classified as endangered
under the IUCN (Figure 7). For example, Jardinella colmani is considered critically endangered, and most species of described Fonscochlea

Sixty-six complexes contain at least one spring within a designated

and Jardinella are endangered or vulnerable (Figure 7). Many are yet to

protected area (Figure 5). Pelican Creek (BA_EDG) had the highest

be evaluated. No arthropod had been assessed under the IUCN at the

conservation rank, followed by Dalhousie (DA_DAL), Yowah (EU_

time of writing (Figure 7), and recently described species complexes

YOW), Elizabeth Springs (SV_ELI), Strangways and Freeling springs

within the Wangiannachiltonia genera are yet to be added to the EPBC

(LE_CSS and LE_FFS) (Figure 6). Eighteen complexes containing en-

“threatened community” listing.

demic taxa scored less than 10 (primarily in the Eulo, Lake Frome and
Springsure supergroups). The top 25 ranked complexes contained all
endemic taxa included in this review (Figure 6). These top-ranking

4 | D I S CU S S I O N

complexes are spread across the basin (i.e., there are high-ranking
complexes in many supergroups). Of these, very few are encom-

The Great Artesian Basin is one of the world’s largest actively re-

passed within conservation reserves (Figure 6).

charging aquifers. It maintains springs that have persisted through

The threatened species status assigned to each taxon is not con-

quaternary climatic changes and now act as museums of past di-

sistent, and species with narrow ranges or threatened assignments

versity and cradles of modern diversification (Murphy et al., 2015).

are not necessarily the best protected. More critical listings (e.g., vul-

Flora and fauna endemic to GAB springs are diverse, but the full ex-

nerable, endangered and critically endangered) were biased towards

tent of this is yet to be described or discovered. Most have highly

fish and plant taxa (Figure 7), which were relatively well-assessed and

restricted distributions, and high biodiversity is concentrated in par-

represented in conservation listings (Figure 7). Most have all or at

ticular parts of the basin. Despite a history of severe habitat loss and

least 40% of populations within protected areas, except for Eriocaulon

national conservation attention, very few biodiversity “hotspots” are

carsoni sub sp. euloense and sub sp. carsonii and Myriophyllum arte-

protected by reserves. This leaves endemic taxa, and invertebrates,

sium (Figure 7). Three of the fishes are federally listed across varying

in particular, vulnerable to extinction over a decade after the sys-

levels (Scaturiginichthys vermeilipinnis, Chlamydogobius micropterus and

tems’ conservation was made a national concern.

C. squamigenus), although none match the IUCN level (all critically en-

Environmental characteristics of spring complexes provide some

dangered) (Figure 7). However, the remaining fish received no listing

help to predict patterns of endemic biodiversity, but with limited ca-

under state or federal legislation (e.g., Neosilurus gloveri and Mogurnda

pacities. It is unsurprising that complexes with more springs are more

thermophile; they have now been proposed for listing) (Figure 7).

likely to be home to endemic species. It is impossible to know whether

Newly discovered and undescribed species are currently not assessed

this is because complexes with a larger number of springs support

or listed, even though many of them have severely restricted spatial

more stable metapopulations (Murphy, Guzik, & Worthington-Wilmer,

distributions (e.g., both species of undescribed Isotoma, Eriocaulon al-

2010) helping to avoid extinction, or whether rates of speciation are

oefolium and Eriocaulon giganticum) (Figure 7).

elevated in large spring systems because they support an ever-shifting

ROSSINI et al.
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F I G U R E 3 Spatial variation in biodiversity attributes of spring complexes. Spring complexes belonging to each supergroup are enclosed
by dashed lines [Colour figure can be viewed at wileyonlinelibrary.com]

1208

|

ROSSINI et al.

1
1
1
2
2
3
3
4
4
4
4
5
5
5
5
5
5
5
6
6
7
7
8
9
10
11
11
11
12
13
14
15
16
17
18
19
19
20
21
21
22
23
24
24
25
26
26
27
27
27
28
28
28
28
28
29
29
29
29
30
30
30
30
31
31
31
31
31
32
32
32
32
33
33
33
LE
LE
LE
LE
LE
LE
LE
LE
LE
LE
LE
LE
LE
LE
LE
LE
LE
LE
LE
LE
LE
LE
LE
LE
LE
LE
LE
LE
DA
LE
SV
SV
BA
LE
LE
BU
MS
EU
SV
SV
EU
EU
BA
BA
BA
BA
SS
22
SS
SS
BA
EU
EU
BA
EU
EU
EU
EU
EU
LF
LF
LF
LF
LE
LE
LE
LE
LE
LE
LE
LE
LE
LE
LE
LE
CBS
CHS
CHW
CCS
CBS
BBH
BWS
CJS
CEN
CKH
CES
NBS
NHS
NTF
NBP
NOS
NFS
NTM
EFS
EFN
NSH
UBC
PBI
LES
KBK
FES
CSS
FFS
DAL
CMH
MDAT
SPR
FRI
NMI
NPS
PEE
GAM
TUN
REE
ELI
YOW
EUT
CAG
MOS
EDG
CAR
COC
LUC
SCO
PRI
WOB
GRAN
DSEA
ARC
WOOR
TUNG
JUB
MER
CARP
OPH
OPC
LGS
OTW
HHS
HFW
HNW
HOF
HOW
HBO
HWF
HDB
HSS
WWS
WDS
WWA

Group #
Supergroup
Complex

Heatmap of similarities between species
assemblages within each spring complex

CBS
CHS
CHW
CCS
CBS
BBH
BWS
CJS
CEN
CKH
CES
NBS
NHS
NTF
NBP
NOS
NFS
NTM
EFS
EFN
NSH
UBC
PBI
LES
KBK
FES
CSS
FFS
DAL
CMH
MDAT
SPR
FRI
NMI
NPS
PEE
GAM
TUN
REE
ELI
YOW
EUT
CAG
MOS
EDG
CAR
COC
LUC
SCO
PRI
WOB
GRAN
DSEA
ARC
WOOR
TUNG
JUB
MER
CARP
OPH
OPC
LGS
OTW
HHS
HFW
HNW
HOF
HOW
HBO
HWF
HDB
HSS
WWS
WDS
WWA

CBS
CHS
CHW
CCS
CBS
BBH
BWS
CJS
CEN
CKH
CES
NBS
NHS
NTF
NBP
NOS
NFS
NTM
EFS
EFN
NSH
UBC
PBI
LES
KBK
FES
CSS
FFS
DAL
CMH
MDAT
SPR
FRI
NMI
NPS
PEE
GAM
TUN
REE
ELI
YOW
EUT
CAG
MOS
EDG
CAR
COC
LUC
SCO
PRI
WOB
GRAN
DSEA
ARC
WOOR
TUNG
JUB
MER
CARP
OPH
OPC
LGS
OTW
HHS
HFW
HNW
HOF
HOW
HBO
HWF
HDB
HSS
WWS
WDS
WWA

Complex

Species (weighted averages of sites)

P. latipes (S5)
W. guzikae
W. olympicdamia
T. punicea (B)
P. latipes (S6)
W. ghania
F. accepta
F. zeidleri (E)
E. carsonii carsonii
G. davisi
Austrochiltonia sp.1
H. dipleura
J. colmani
M. artesium
S. pamelae
E. carsonii orientalis
Chloris sp.
E. giganticum
E. aloefolium
J. eulo
G. fontana
Glyptophysa sp.
G. edgbastonensis
E. alanwillsi
Jardinella sp.2
Jardinella sp.1
J. zeidlerorum
J. pallida
J. jesswiseae
J. edgbastonensis
J. corrugata
J. acuminata
S. vermeilipinnis
Peplidium sp.
E. fontanum
Isotoma sp.1
J. coreena
Jardinella sp.3
P. ecomanufactia
E. carsonii euloense
Austrochiltonia sp.2
Jardinella sp.8
Jardinella sp.7
Jardinella sp.6
Jardinella sp.5
Isotoma sp.2
E.fenshamii
C. micropterus
U. fenshamii
C. squamigenus
Jardinella sp.4
W. gotchi
J. isolata
Jardinella sp.9
T. smithii (B)
P. anopthalma
A. dalhousiensis dal.
C. harrisi
C. globosa
A. centralia
M. thermophila
C. dalhousiensis
N. gloveri
C. gloveri
P. latipes (C2)
F. variabilis (A)
A. murphyi
P. latipes (C4)
F. zeidleri (C)
F. aquatica (B)
F. billakalina
Arthritica sp.
P.latipes (N7)
F. zeidleri (A)
F. aquatica (D)
P. latipes (C3)
T. inflata
P. latipes (N9)
P. latipes (N8)
T. minuta
F. zeidleri (B)
F. aquatica (A)
F. expandolabra (A+B)
C. eremius
T. punicea (A)
T. smithii (A)
W. stuarti
P. latipes (C1)
F. zeidleri (D)
F. aquatica (C)
T. smithii (C)
W. wabmakdarbu

F I G U R E 4 Groups of complexes based
on the similarity of endemic organisms
that occur within. Groups identified
using clustering (far left cladogram)
based on a dissimilarity matrix (left
block, displayed as a heatmap with more
similar complexes in red and dissimilar
complexes in beige) calculated based on
species presence–absence (right block,
green denotes the presence of the taxa).
Complex identity denoted by a three-
letter code (see Appendix 2 for full name
and location) [Colour figure can be viewed
at wileyonlinelibrary.com]

network of populations with varying levels of isolation (Murphy et al.,

Important environmental variables may be absent from our statistical

2015). While complexes with a larger number of springs were asso-

models, or variables of importance may be masked by the conflicting

ciated with a higher probability of endemic species occurring, no en-

requirements of the diverse range of taxa. Historical processes may be

vironmental feature explained the number of endemic taxa present.

more important than contemporary ones (Horsák, Hájek, Dítě, & Tichý,

.118
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Pseudo R2

0.73

0.78
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Model performance
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Rainfall erosivity
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−0.81 ± 0.28

2.12 ± 0.48
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p
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Nonzero component
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p

Taxonomic diversity
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endemism (TE)
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diversity (PD)
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0.51 ± 0.12

0.22 ± 0.11

−0.36 ± 0.16
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endemism (PE)
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TA B L E 4 Parameter estimates (± SE) and significance levels from the hurdle multiple regression models relating environmental variables to biodiversity attributes. Also shown are
measures of model performance including the correct classification rate and AUC value for the binomial (0/1) component of the model, and the pseudo R 2 for the nonzero components
(biodiversity attributes). (AUC = area under the receiver operating characteristic curve)
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F I G U R E 5 Map of GAB (shaded area)
and spring complexes characterized by
their level of protection (% springs within
IUCN protected areas). Spring complexes
belonging to each supergroup are
enclosed by dashed lines [Colour figure
can be viewed at wileyonlinelibrary.com]

100% protected

FIGURE 6 The 76 spring complexes of the GAB that contain endemic species in descending order of conservation rank (sensu Fensham &
Price, 2004), showing the endemic species richness for each complex (bars, axis on the left) and the cumulative richness for entire GAB-
associated spring system (grey line, axis on the right). The bar representing any complex within the top 25 ranked complexes is colour coded
contingent on the proportion of springs within the complex protected within conservation reserves (red = 0%, orange = <50%, yellow = 51–
90% and green = 100%). Also included are the final conservation ranks (F&P) for each complex, the complex code (Com) and supergroup
(Sgrp) (see Table S6 for full names and locations) and the assemblage at each location (see Figure 4 for details). [Colour figure can be viewed
at wileyonlinelibrary.com]
2007). Geological and past hydrologic processes are likely to have led

by which each species colonized the springs is likely to have been di-

to alternate phases of isolation and connection of springs (Bauzà-

verse (Murphy, Adams, & Austin, 2009). The species we see today are

Ribot, Jaume, Fornós, Juan, & Pons, 2011; Byrne, 2008), and the path

“mesic relics” of past patterns of biodiversity we cannot know (Murphy

|

Plants

% populations within
protected areas

C. eremius
C. gloveri
C. micropterus
C. squamigenus
C. dalhousiensis
S. vermeillipinnis
M. thermophila
N. gloveri
Austrochiltonia sp NLE
W. wabmakdarbu
W. ghania
W. gotchi
W. olympicdamia
W. stuarti
A. murphyi
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A. dalhousiensis subsp.
Austrochiltonia sp. QLD2
P. anopthalma
W. guzikae
P. latipes
P. bundoona
P. ecomanufactia
F. zeidleri
F. aquatica
T. punicea
T. smithii
F. variabilis
F. accepta
F. expandolabra
T. minuta
F. billakalina
Arthritica sp
J. colmani
J. eulo
J. isolata
Jardinella sp. SV447677
T. inflata
J. acuminata
A. centralia
C. globosa
C. harrisi
E. alanwillsi
G. davisi
G. fontana
Glyptophysa sp.
G. edgbastonensis
J. coreena
J. corrugata
J. edgbastonensis
J. jesswiseae
Jardinella sp 156780
Jardinella 400130
Jardinella sp 400131
Jardinella sp 400133
Jardinella 410721
Jardinella sp 400132
Jardinella pallida
Jardinella sp1 415845
Jardinella sp2 415845
J. zeiderorum
P. ponderi
M. artesium
E. carsoni (orientalis)
E. carsoni (carsoni)
H. dipleura
S. pamelae
U. fenshamii
Isotoma sp. EDG-EUL
E. fenshamii
E. fontanum
Peplidium sp
E. aloefolium
E. carsoni euloense
E. giganticum
Isotoma sp ELI

EPBC and state
IUCN

F I G U R E 7 Composite figure showing
information for each taxon at species
level regarding the number of complexes
occupied), the percentage of populations
within a conservation area and their
listing level within four different types
of conservation protection. The GAB
column represents species named within
the EPBC “threatened community”, with
light grey signifying that they are currently
absent, dark grey signifying they are listed
as a single species when there is evidence
for numerous species and black that they
are included. The other three (IUCN,
EPBC and State) represent different
types of conservation assessment with
the representative levels of each in the
legend. IUCN Codes are as follows: DD,
data deficient; LC, least concern; NT, near
threatened; CR, critically endangered;
EPBC and state codes are: NL, not
listed; CD, conservation dependent;
VU, vulnerable; EN, endangered and CE,
critically endangered [Colour figure can be
viewed at wileyonlinelibrary.com]
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et al., 2015; Ponder, 1985, 1995). The ancestors of many have gone

2016) has recently ceased to flow (R.J. Fensham, personal commu-

extinct, and others are the current manifestation of diversifications

nication), it is now almost certainly extinct (R.J. Fensham, personal

that did not necessarily occur where contemporary taxa are found

communication). Likewise, three large springs in the Eulo super-

(Ponder & Clark, 1990).

group housing Eriocaulon carsonii in the 1940s (I. Pike, personal

Modern extinctions are also important; supergroups with low

communication) have ceased flowing, causing the local extirpation

diversity are those that have experienced severe habitat loss—for

of the species. In the Flinders River supergroup, a large spring that

example Flinders River, Eulo and Bourke supergroups (Fairfax &

is now extinct housed a range of plants normally associated with

Fensham, 2002, 2003; Fensham et al., 2016). The loss of species

spring endemics (e.g., Cenchrus purpurascens and Schoenus falcatus)

that accompanied loss of springs is difficult to quantify, as de-

(Palmer, 1884), suggesting extinctions could have occurred here.

tailed inventories were generally constructed after widespread

Reductions in groundwater flow to springs in the Kati Thanda (Lake

habitat loss. However, there are documented extinctions and ex-

Eyre) supergroup associated with the installation of borefields for

tirpations associated with draw down. In the Eulo supergroup, the

mining operations caused losses of springs across a number of

only known locality of an undescribed snail species (Ponder et al.

complexes containing endemic taxa (Mudd, 2000). For example,
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F I G U R E 8 Graphical representation of
the rapid rate at which species endemic to
GAB springs have been described, broken
up into broad taxonomic groups denoted
by colour: fishes (blue), molluscs (purple),
amphipods and isopods (grey) and plants
(green). The estimates of taxa richness
made by this review are added as a dark
expanded column in 2016 [Colour figure
can be viewed at wileyonlinelibrary.com]

two complexes completely dried (Venebles and Priscilla), and at

taxa. Although taxa restricted to GAB springs are most at risk of ex-

least two complexes with relatively high endemic biodiversity suf-

tinction if habitat loss continues, this review has made no account of

fered a > 30% reduction in flow (Bopeechee, Hermit Hill) (Mudd,

the diverse flora and fauna that utilize springs but are not endemic

2000). Considering the prevalence of species with ranges restricted

to them (Fensham et al., 2011). The permanence of springs allows

to a single complex, and that entire complexes have become extinct

species with core distributions on the coast to persist as highly iso-

(Fensham et al., 2016), the diversity we see now is unlikely to be

lated populations in arid regions (Clarke, Whalen, & Mackay, 2013).

representative of that which persisted before the 1890s.

A large component of plant diversity in springs, and particularly in

The history of species discovery in GAB springs is a recent one,

the southern springs, elicits this type of distribution (Clarke et al.,

and descriptions will continue as new techniques are employed. Since

2013; Fensham, Fairfax, Pocknee, & Kelley, 2004; Fensham, Fairfax,

the 1980s, the number of described species endemic to GAB springs

& Sharpe, 2004; Fensham et al., 2010, 2011). Springs also provide

has rapidly increased (Figure 8). For some taxa, those described

refuges during dry periods for species distributed more broadly

or awaiting description can be considered a fair estimate of diver-

across the outback, such as macropods, waterbirds and amphibians

sity (e.g., fishes), for others, revisions and discoveries are ongoing.

(Davis, Pavlova, Thompson, & Sunnucks, 2013; Davis et al., 2017).

Molecular investigations often reveal cryptic species complexes (e.g.,

These more cosmopolitan taxa will undoubtedly suffer if springs no

Wangiannachiltonia in King, 2009; Chlamydogobius eremius in Mossop

longer provide a permanent water source in the arid landscape.

et al., 2015) and populations with divergence generally indicative of

Restricted geographical distributions are the norm across the

species-level splits (Murphy, Breed, Guzik, Cooper, & Austin, 2012;

broad range of taxa endemic to GAB springs (Fensham et al., 2011;

Murphy et al., 2010; Ponder, Eggler, & Colgan, 1995). Many taxa await

Ponder & Slatyer, 2010), and high endemic diversity is concentrated

basic investigation (see Appendix 3)—algae are overlooked (McGregor

in particular regions. This has important implications for how the sys-

& Sendall, 2017), as are Acari and Ostracoda, all of which are abun-

tem is conserved. The “community” of taxa endemic to GAB springs

dant (Rossini, Fensham, & Walter, 2015), contain endemics (Furler

is by no means spatially homogenous, so the protection of a selected

& Willing, 2006; Ponder, Vial, & Jefferys, 2010) and are important

portion of one region cannot guarantee the persistence of diversity

(Cantonati, Füreder, et al., 2012). There is also a great deal of arthro-

in the system as a whole. Of the top 25 ranked complexes, very few

pod diversity in other classes, most notably the Insecta (e.g., Ponder

are protected within conservation reserves, and most taxa endemic

et al., 2010), although their general propensity for long-distance dis-

to unprotected complexes are afforded no additional protection by

persal may mean few are endemic (Ponder et al., 2010). The relatively

being listed as a threatened species. This is particularly pertinent for

recent and rapid rate of species discovery in this system, and the pre-

invertebrate taxa, many of which undoubtedly face the same threats

vailing data deficiency regarding many taxa, highlights the need for

as listed vertebrates, but remain unassessed or absent in conser-

biodiversity discovery and revision of species lists, especially if pro-

vation legislation. Such conservation biases against invertebrates

tection is contingent on a full list of species within the “community”.

are a global problem, particularly in freshwater systems (Strayer,

The estimate of diversity presented here is larger than one based

2006), resulting from perceptions of invertebrates (Cardoso, Borges,

solely on described species (Figure 8), but is by no means a proper

Triantis, Ferrandez, & Martin, 2011; Cardoso, Erwin, Borges, & New,

representation of diversity. Springs across the basin are important ir-

2011). In GAB springs, the majority of endemic species are inver-

respective of whether they contain endemic taxa. Although we have

tebrates with highly restricted ranges and specific habitat require-

emphasized that endemic taxa are concentrated in a small number of

ments (Rossini, Fensham, et al., 2017) that are susceptible to the

complexes, other locations are not valueless for conservation. They

same threats as better protected species like the fishes. Predation

are vital permanent water in one of the world’s most arid regions,

by invasive species (Clifford, Steward, Negus, Blessing, & Marshall,

provide refugia to a diverse array of organisms (Davis, Kerezsy, &

2013) and habitat degradation associated with disturbance (Kovac &

Nicol, 2017) and may be found to contain their own unique endemic

Mackay, 2009; Munro, Kovac, Niejalke, & Cunningham, 2009) have
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severe effects on invertebrate taxa. If we are to maintain biodiver-

Chessman for comments on an earlier draft. This project was par-

sity in this system, we must work to conserve diversity at a basin-

tially funded by a research grant awarded to MJK by the Office of

wide scale and remedy this bias.
Such a basin-wide approach will involve a broad range of stakeholders acting within their respective jurisdictions. Despite the con-

Water Science (Australian Government) and by a top-up scholarship awarded to RAR by the Great Artesian Basin Coordinating
Committee.

servation shortcomings highlighted here, there are success stories.
Many high-value spring complexes are within conservation reserves,
some procured by not-for-profit organizations (e.g., the Edgbaston

ORCID

Reserve, managed by Bush Heritage Australia). Indigenous custo-

R. A. Rossini

dians actively participate in springs conservation (Ah Chee, 1995;

http://orcid.org/0000-0002-7512-5401

Currell, Werner, McGrath, Webb, & Berkman, 2017; Gundabooka,
2003), as do colonial landholders (Harris, 1992; Kerezsy, 2014). Such
initiatives are valuable, as most springs occupy relatively small areas
on large pastoral leases. Conservation covenants, and particularly
legally binding ones with specific equity and management requirement (Adams & Moon, 2013; Fitzsimons & Carr, 2014), could be applied to high-value spring areas without the need to disrupt pastoral
activities by annexing whole properties. Such agreements can be
effective with appropriate incentives (Greiner & Gregg, 2011; Kabii
& Horwitz, 2006) and are to date a little utilized option despite the
fact they were encouraged in the original recovery plan (Fensham
et al., 2010).
Conservation initiatives must go beyond single stakeholders
because of the enormous nature of the GAB. On-ground actions
are futile if groundwater resources are not also safeguarded.
Groundwater systems across the globe are highly threatened
(Danielopol et al., 2003), with most aquifers in severe decline
(Famiglietti, 2014). Groundwater drawdown has been the primary
driver of habitat loss in GAB springs (Fairfax & Fensham, 2002,
2003; Fensham et al., 2016) and remains the main process documented to cause extinctions (Fensham et al., 2010). Therefore,
the effective maintenance of groundwater pressure is of primary
concern. Efforts to preserve aquifer pressure through the control of free-f lowing bores ... have been successful in some regions
(Sinclair, 2014). However, the complex hydrogeology of the GAB
(Keppel et al., 2013; Priestley et al., 2013; Ransley & Smerdon,
2012) and the conflicting interests of a range of industries (Mudd,
2000) render our ability to guarantee permanent flow within the
GAB (Nevill et al., 2010). Without safeguarding groundwater resources, the losses that occurred when colonists first began drawing water from this seemingly “endless” resource will continue,
and the unique evolutionary narratives told by species endemic to
Australia’s unique desert springs will continue to be lost.
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