4  Aquatic Invertebrates
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4.1 Summary

In August 2017, 26 samples of aquatic invertebrates were collected from nine springs,
doubling previous sampling effort and increasing the number of sampled springs from 15 to
21. At least 496 aquatic invertebrate taxa have now been collected, nearly half of which were
first collected in 2017. The species pool at individual springs and across the springs would
further increase with additional sampling. The springs were large compared to the sampling
effort and sampling effort has been uneven across the range of springs, so it is difficult to
compare invertebrate communities of the springs, but at present there is little evidence of
subgroups of springs based on their aquatic invertebrate faunas, excepting that springs in the
central Kimberley remain relatively poorly sampled. An analysis of the distribution and habitat
associations of the invertebrates is hampered by low survey effort at other types of wetlands
in the Kimberley and the paucity of readily accessible aquatic invertebrate data for northern
Australia. Most individual species are likely to be widely distributed in the region, but a small
suite of species is likely to be rare and possibly restricted to these springs or other
groundwater discharge areas in the Kimberley. There was some overlap with composition of
similar organic mound springs at Walyarta, but with many species known only from the
Kimberley or Walyarta springs. The composition of the aquatic invertebrate fauna of the
Kimberley Mound Springs is unlikely to be replicated in other wetlands within the region or
elsewhere in Western Australia.

4.2 Background

4.2.1 Aquatic invertebrate survey in the Kimberley Region

There are very few published studies of aquatic invertebrates of the Kimberley Region.
Williams (1979) undertook some early survey work and summarised the little that was known
from the Kimberley region at that time, listing only 70 species from across the Kimberley and
north-eastern Northern Territory. There has been some taxonomic work undertaken which
has added to knowledge of particular groups (e.g. Watts, 1987; Andersen & Weir, 1998; Dean,
2001) and some taxonomically targeted surveys (Merrifield, Slack-Smith & Wilson).

The lower Ord River has been extensively surveyed as part of water resource allocation
planning for the Ord Irrigation Area (Storey, 2002; Storey & Lynas, 2007; Buckle et al., 2010).
The Buckle et al. (2010) study only considered macroinvertebrates at family level but Storey
(2002) listed 171 species of macroinvertebrate (microinvertebrates were not considered).
Five Kimberley wetlands were included in baseline surveys (including of aquatic invertebrates)
as part of a federally funded “Inland Aquatic Integrity Resource Condition Monitoring (IAl
RCM) project”: These being Lake Eda (Department of Environment and Conservation, 2009e),
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Airfield Swamp (Department of Environment and Conservation, 2009a), Parrys Lagoon
(Department of Environment and Conservation, 2009c), a swamp at the Ngallagunda
Community (Department of Environment and Conservation, 2009d) and Le Lievre Swamp
(Department of Environment and Conservation, 2009b). The Ngallagunda wetland is close to
Gibb River Spring sampled by Bennelongia (2017). That project only processed the benthic
samples (so excluded microinvertebrate groups) but plankton samples were collected and
could be processed to improve knowledge of those wetlands. A total of 168
macroinvertebrate species were collected from these wetlands.

A substantial program of river condition assessment using aquatic invertebrates was
undertaken across Australia, including 65 sites in the Kimberley, but this involved only family
level identifications (Kay et al., 1999; Smith et al., 1999), except for a few insects (especially
caddisflies and mayflies) used for taxonomic research.

The Kimberley region is the western extent of the wet/dry tropics so studies of aquatic
invertebrates of the Northern Territory and northern Queensland are likely to be useful when
assessing distribution and conservation status of species found in the Kimberley, although
few studies have published species lists from these areas either. Humphrey et al. (2008) list
581 species for the whole ‘northern tropical rivers’ (Kimberley to north Queensland), of which
they found 292 records from tropical Western Australia. However, the authors also
encountered the issue of inaccessible aquatic invertebrate data and the list excludes
microinvertebrates (ostracods, copepods, cladocerans, rotifers and protists), mites, and most
hemiptera and diptera, which together comprise a large proportion of wetland aquatic
invertebrate communities. It also focussed on rivers rather than lentic wetlands. Finlayson et
al. (2006), collating information from Humphreys and Dostine (1994), Corbett (1996) and
unpublished data, noted the presence of 600 species of macroinvertebrate and 300 species
of rotifers, copepods and cladocera in the Kakadu region, but did not provide a species list. |
It is likely that several thousand aquatic invertebrates inhabit northern Australian wetlands.

4.2.2 Invertebrate sampling history of Kimberley mound springs

There have been 44 aquatic invertebrate samples collected across four ‘projects’ between
1993 and 2018. These are listed in Table 1 and described below:

1. Halse et al. (1996) sampled three spring sites during a survey of invertebrates and
waterbirds of Victoria-Bonaparte wetlands in 1993. These were a site on the northern
side of Long Spring (“Rainforest Swamp”), a small isolated spring (‘Edge Swamp”) on
the edge of the mudflats 1 km north of Long Spring and Brolga Spring. Invertebrates
were sampled by taking two 50 metre long sweep net samples; using 53 um and 110
um mesh nets.

2. Between 1999 and 2003 staff of Species and Communities Branch, led by Sally Black,
sampled invertebrates at several sites across all five of the areas listed above.
Unfortunately, there are very few documents surviving from those 1999-2003 surveys
(see Appendix 1) and we lack precise coordinates for some of the sampling sites. Most
of these collections involved use of a 250 um mesh net so was biased towards
macroinvertebrates. The 2003 collection from Kachana Spring was collected by Andrew
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Storey and included a coarse net sample and a fine net plankton sample (A. Storey per.
comm.) so more planktonic microinvertebrates were collected.

3. In May 2016 DBCA staff were unavailable to undertake field work so Bennelongia
Environmental Consultants were contracted to sample invertebrates from six springs
in the central Kimberley (Bennelongia Environmental Consultants, 2017). Five of these
appear to be the same as springs sampled by Sally Black for DBCA (then CALM). One
core sample was collected from each spring, with 10 buckets of pumped interstitial
water put through a 53um mesh net. If collected, protozoans and rotifers were not
identified from these samples and cladocerans were only partially identified.

4. In 2017 DBCA staff (Ecosystem Science Program, Wetlands Section of Environmental
Management Branch and Species and Communities Branch) sampled seven springs on
Carlton Hill Station, plus Bunda Bunda Spring and Big Spring in the West Kimberley.
Twenty six samples were collected (methods below).

Springs sampled for invertebrates between 1993 and 2017 (and florain 2017) have been given
six character codes with the prefix KMS in Table 1, for consistency with other DBCA wetland
projects, but in this chapter springs are mostly referred to by the names used in the original
projects. It appears that 17 individual springs have been sampled.

4.3 2017 Methods

Seven springs along the Victoria-Bonaparte coast were sampled between 15t and 4t of August
2017, with Bunda Bunda Spring on the Dampier Peninsula sampled on 7" August and Big
Spring on the 9™ August (Table 3). Figure 7 has a selection of photos illustrating the field work.

4.3.1 Physico-chemical sampling

At each spring pH, temperature and conductivity were measured where surface water was
most substantial — generally where the benthic and plankton samples were collected. From
the same location three water samples were collected. An unfiltered 150 ml sample was
collected for analysis of total nitrogen and phosphorus. Another water sample (mostly 400-
500 ml) was filtered through a glass fibre filter paper for chlorophyll (with the filter paper
frozen for later analysis of chlorophyll) and the filtrate further filtered (through a 0.45 um
filter paper) and the filtrate then also frozen for analysis of total filterable phosphorus and
nitrogen. Ideally the nutrient and chlorophyll samples would have been frozen but we had
difficulty keeping these frozen for the first few days after collection. A third unfiltered water
sample was used for analysis of nephelometric turbidity.

The depth at which the benthic invertebrate sample was collected was recorded and this
usually equated to the maximum depth of the water body, which were mostly small ponds or
inundated herb/sedge/grasslands under a tree canopy.
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Table 3. Locations and details of sampling sites and invertebrate samples taken in 2017.
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Figure 7. Field photos. A, Adam Turnbull at Brolga Spring; B, Long Spring (southern site); C, King Gordon Spring;
D, Big Spring (western side); E, sampling interstitial fauna at Enigma Spring , showing bund created around top
of bore hole to minimize surface water inflows; F, pond at Bamboo Spring; G, corer in sediment before being

withdrawn; H, Collecting a benthic sample at Attack Spring.
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4.3.2 Invertebrate sampling

Three types of invertebrate sample were collected, depending on the amount of water
present, with the aim of collecting at least one of each sample type at each spring.

Where possible, two samples of surface water aquatic invertebrates (a benthic and a plankton
sample) were taken at each of the nine spring sites (both samples covering the same area of
the wetland). Most previous DBCA wetland biodiversity survey work has involved sweeping
both nets through the water for a total of 50 metres. However, that volume of muddy material
would have been too much to sort through in the lab and would have caused excessive
disturbance in the small pool areas present in the springs. Instead we have tried to use a
reduced but standard method on these springs. Most plankton (water column) samples were
collected by scooping up water in 900ml jugs and passing this through a 50 um mesh net, to
give a total of 10 litres of collected water. The exception was 4 metres worth of sweep netting
using the same mesh size net at Potential Spring 6 and 10 m sweeping at Potential spring 1.
All benthic samples were collected by sweeping a 250 um mesh net through the water column
and stirring up the substrate and benthic debris for a distance of 10 metres. Coarse inorganic
sediment and coarse organic matter were removed from the benthic sample prior to sample
preservation by washing debris and elutriating in buckets before passing the water back
through the net. Samples were then preserved in 100% ethanol in the field and returned to
the laboratory for processing.

Interstitial fauna was sampled at seven of the springs (Table 3), using methods similar to those
employed by Bennelongia Environmental Consultants (2017). At each of these sites, an auger
was used to extract an approximately 0.5 metre deep core of 8 cm diameter and the resultant
hole was allowed to fill with water (which normally happened quickly). Using a manual bilge
pump, eighty litres of water (8 x 10L buckets) was pumped out through a 110 pum mesh net
and the contents of the net placed into 2 litre pots and preserved with 100% ethanol. The
exception was Potential Spring 6 where only 64 litres were collected due to the volume of
material remaining in the net. Interstitial samples were normally taken in areas of saturated
peat without significant surface water. Where ingress of surface water was a problem it was
impeded by creating a bund around the top of the hole. There was no need to excavate an
area around the top of the holes in order to ensure the hole filled, as was undertaken by
Bennelongia (2017). These samples were taken back to the laboratory for processing and
identification of microfauna.

4.3.3 Processing and identification of invertebrate samples

Samples were washed with tap water and sieved through either 250 um, 90 um and 50 um
sieve sizes (for the core and plankton samples) or 2 mm, 500 um and 250 um sieve sizes
(benthic samples). Each sieve fraction was examined separately (except for the 50 um
fractions from plankton and core samples), and representatives of each discernible species
removed and preserved in 100% ethanol.

All protozoans, cladocerans and rotifers were identified by Russell Shiel, from specimens
picked from samples in Perth and from residues of the plankton samples sent to him in
Adelaide (including the 50 um fractions not sifted in the DBCA lab). For residues, the first 200
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animals encountered were identified and then the rest of the residue was scanned for
additional species.

All taxa were identified to the lowest taxonomic level possible using keys and voucher
specimens and undescribed taxa were assigned morphospecies names based on previous
survey work by DBCA. All harpacticoids and some ostracod genera and selected specimens
from the orders Hemiptera, Coleoptera and Trichoptera were also sent to relevant experts
(see acknowledgements).

4.3.4 Specimen curation

All specimens removed from the samples (other than rotifers and cladocerans) have been
retained and are stored in ethanol in glass vials with Western Australian Museum standard
labels within larger ethanol filled jars. A subset of specimens representing most species was
set aside for deposition in the Western Australian Museum. Rotifers and cladocerans have
been retained by R. Shiel for the time being. A few other specimens have been retained by
taxonomists.

4.3.5 Data management and analysis

All data analysis was performed using R (R Development Core Team, 2018), with code and
input csv data files available at https://github.com/AdrianMP62/KMS7analyses. R packages
used were vegan 2.5-2 (Oksanen et al., 2018), Ternary 1.0.2 (Smith, 2018), iNEXT (Hsieh, Ma
& Chao, 2018) and eulerr (Larsson et al., 2018). Raw invertebrate data is provided below as
Appendix 4.

4.4 Results

4.4.1 Water chemistry

Environmental data is provided in Table 4. lonic composition data (and derivatives such as
sum of major ions) and lab measured conductivity were analysed but are not presented as
the ionic composition was significantly unbalanced and therefore results unreliable. This is
likely to due to precipitation of ions prior to analysis.

Irrespective of measurement problems all springs were fresh, with field measured
conductivity mostly ranging from 116.4 to 1071 uS/cm, except for Potential Spring 1 which
was saline at 30000 uS/cm.

Nutrient concentrations were not excessive. Total nitrogen concentrations varied from 0.15
to 2.8 mg/L. When analysed this included very little nitrate, nitrite and ammonia but this could
have been caused by difficulties keeping these samples frozen, so these forms of nitrogen
could have been assimilated by microbial growth. Total phosphorus concentrations ranged
from 0.026 to 0.3 mg/L, with soluble reactive phosphorus being below detectable limits in
most samples, although the same caveat re difficulties of freezing of water applies.
Chlorophyll concentrations were also low (chlorophyll plus phaeophytin mostly <0.02 mg/L).
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The two exceptions were samples taken in areas with less canopy cover where greater

photosynthesis was possible (Potential Spring 1 and the west side of Bunda Bunda Spring).

Five of the eight sites had slightly acidic water (pH 5.73 to 6.75). Other sites were about

neutral to slightly alkaline (up to 8.34).

A fuller assessment of water chemistry at these springs to determine if they differ in character

would involve replicate samples taken at various points at each spring, particularly at points

representing different hydrological situations (isolated ponds, flowing vents, moats etc).

Table 4. Environmental data for springs sampled in 2017.
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4.4.2 Aquatic habitats

Most of the surface water expressions sampled for invertebrates were shallow (€ 10 cm). The
southern-most sampling location at Long Spring was 40 cm deep, as was the area on the edge
of Bamboo Spring. The deepest site was the area sampled at King Gordon Spring (70 cm).

Most of the areas of open water large enough to sample had some emergent macrophytes
(generally sedges), ranging from very sparse (estimated < 5% of the areas sampled for
invertebrates) to very dense (2 90%, e.g. at Potential Spring 9 and at one of the Long Spring
sites — a dense area of Typha). Most sampling locations were under moderately dense
canopies of trees, but the pools had dappled light. Few sites had substantial growth of
submerged macrophytes, exceptions being the more open sites on the western sides of Big
Spring and Bamboo Spring, plus the area on the northern edge of Attack Spring where the
benthic sample was collected. Potential Spring 1 and the site on the edge of Bamboo Spring
lacked significant canopy cover.

Sediment samples were not taken for quantitative analysis, but most substrates appeared to
be fine-grained and dense clay-like organic matter under coarse organic litter covering 15-
100% of the surface. At Attack spring the plankton sample was collected from a muddy area
near the edge of the spring and potential Spring 1 also had inorganic fine muddy sediments.
At Long Spring we noted the composition of the depth profile, with coarser organic sediments
(recognisable plant debris) in the first 10 cm, then more consolidated fine-grained organic
sediments for 50 cm, then a layer of sand at 60 cm.

4.4.3 Aquatic invertebrates

4.4.3.1 Regional mound spring aquatic invertebrate diversity

Appendix 4 contains the raw invertebrate identification data from all samples collected from
1993 to 2017. A total of 355 aquatic invertebrate taxa were collected in 2017, including 217
that had not previously been collected from Kimberley mound springs.

Up to 2003, 232 species had been collected from the springs. The six interstitial samples
collected in 2016 by Bennelongia (2017) increased the total to 279 and the 2017 sampling (26
samples) increased the total to 496 (Figure 8). This an approximately linear trend of increasing
total richness with increasing number of samples. These figures are derived after taxonomic
alignment between the various datasets, including lumping to genus or tribe where
inconsistent morphospecies names were used across the various projects (e.g. some
pentaneurine and Tanytarsus chironomids, Cypretta and llyodromus ostracods and Hydraena
beetles). The actual number of species collected by these samples, if these inconsistencies
were resolved, would almost certainly be over 530. This is quite high diversity when it is
considered that 200 samples from 100 sites collected only just over 1000 species during the
Pilbara Biological Survey (Pinder et al., 2010) and Pinder et al. (2004) collected about the same
from 200 Wheatbelt wetlands.

Statistical estimators of species pool size were applied to this data, but without rotifers and
protozoans since these were not collected for the 1999-2001 samples. This reduced dataset
contained 412 species and the iNEXT routine of Hsieh et al. (2016) estimated that the total
species pool (excluding rotifers and protozoans) would be around 580 species and that
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collection of the additional species would require an additional 100 or so samples. With the
current rotifer and protozoan count of 84 species it is clear the total species pool utilising
these springs could be well over 700. This estimate should be used with caution as the method
assumes equal sampling types and effort, and this was certainly not the case, but further
sampling would definitely increase the diversity of aquatic invertebrates known from these
wetlands.

Figure 8. Cumulative number of species collected from Kimberley mound springs between 1999 and 2017, by
year. Points are cumulative richness values in 1993, 1999, 2000, 2001, 2003, 2016 and 2017.

Figure 9. Number of species (other than rotifers and protozoans) recorded from springs in each of the five areas
mentioned above showing the proportion (top segments) of those currently known only from that area.
Numbers above the columns are the number of springs/number of samples.

Figure 9 shows the total number of species now known from mound springs in each of the
five areas listed above (excluding rotifers and protozoans because they were not collected in
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most samples collected in 1999-2001). The number of species known from each area will
reflect sampling effort and is not the focus of the graph. More important is the proportion of
an area’s species richness currently known only from that area (within the Kimberley Mound
Spring dataset). This suggests that the central springs, Kachana Spring and the Victoria-
Bonaparte springs have a greater proportion of their aquatic invertebrate fauna not present
in other spring areas. By contrast, springs on the Dampier Peninsula (Bunda Bunda Spring and
Lollywell Spring) and the east coast of King Sound (Big Spring and Lollywell Spring) have very
few species not represented in springs from one or more of the other areas. Unlike richness,
the proportion of species known only from one spring is not closely related to sampling effort,
with the single sample from Kachana Spring having the same proportion of ‘restricted’ species
(55%) as the 24 samples from the Victoria-Bonaparte coast (54%) and much higher than the
5 samples from each of the Dampier Peninsula and King Sound coast springs. In total 63% of
species have been collected from just one of the five areas, but two-thirds of those were only
collected in one sample, so the apparently higher ‘uniqueness’ of the invertebrate faunas of
some spring complexes should be viewed as indicative at this stage. Many of the species
known only from one area of springs do have broad distributions and occur in other wetland
habitats.

4.4.3.2 Sample richness and composition

Richness of aquatic invertebrates within each of the 43 samples from Kimberley mound
springs collected since 1993 is shown in Figure 10. In these plots, samples are grouped
according to sample type across the different projects: benthic samples only (1999-2001),
plankton and benthic samples combined (1993, 2003 and 2017), core samples only (2016 and
2017) and plankton or benthic samples separately (2017 only).

Sampling between 1999 and 2001. The lack of rotifers and protozoans and the relatively low
diversity of microcrustacea (Figure 10A) reflects that fact that only a coarse mesh net (250
pum mesh) was used. Composition was therefore strongly insect dominated. Richness per
sample varied between 12 and 43 which is low in comparison with later samples.

Samples with plankton and benthic samples combined (1993, 2003 and 2017). Figure 10B
shows richness of invertebrate where both a plankton and a benthic sample has been
collected at each spring, with data from the two samples combined. This was the case for
three Victoria-Bonaparte springs sampled in 1993 by Halse et al (1996), Kachana Spring
sampled by Andrew Storey®in 2003 and 7 springs sampled by us in 2017 (Big and Bunda Bunda
Springs in the West Kimberley and five on the Victoria-Bonaparte coast), with Long Spring
sampled in both 1993 and 2017. In 1993 and 2003 specimens from the benthic and plankton
samples were combined before identification so there is no possibility of using the two
samples separately. There are differences in sampling effort between 1993 (50 metre sweep
net samples for plankton and benthic), 2003 (unknown sampling effort) and 2017 (10 metre
benthic sweep and 10 litre plankton sample). The 1993 samples from Brolga Spring, Edge
Swamp and Long Spring had lower richness (41 to 60 species) than most other samples in
Figure 10B, despite the greater sampling effort, and few invertebrates other than insects,

! Andrew Storey, Wetland Research and Management
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microcrustacea and rotifers. The 2003 sample from Kachana Spring was much richer and more
diverse, with more water mites than other samples included on this graph but relatively few
microcrustacea. Of the sites sampled in 2017 Potential Spring 1 had lowest richness (41
species) and was more insect and microcrustacean dominated, reflecting its higher salinity
(30 mS/cm, 19.8 ppt). However, its fauna is almost entirely a subset of the freshwater fauna
found in the other springs, with the exception of four rotifers, Hexarthra brandorfi,
Brachionus plicatilis s.|., Brachionus angularis and Cephalodella forficula and an unidentified
hemipteran ‘Micronecta KMS1’. Brachionus plicatilis s.l. is a complex of mostly saline water
taxa. Presence of these rotifers probably reflects the more open water habitat as much as the
higher salinity of this site. The other six springs sampled in 2017 were freshwater springs and
had richness varying from 77 to 131 species. For these combined samples the richest springs
were Attack Spring and Long Spring.

Figure 11 provides richness of combined benthic+plankton samples from the Walyarta springs
(Quinlan et al., 2016) and from the Kimberley region, with the additional species collected
where an interstitial sample was also taken. This figure excludes Potential Spring 1 as it has a
very different character. The Kimberley samples all had higher richness than the richest of the
Walyarta samples, despite the latter involving significantly more sampling effort. This figure
also shows the relatively small proportion of the fauna collected only in interstitial samples,
although there may be a unique element to the interstitial fauna.

2017 plankton and benthic samples. Figure 10C shows richness by taxonomic group of
invertebrates from benthic samples and plankton samples separately, for springs sampled in
2017. Benthic samples were richer which is not surprising considering the greater sample size
(10 metres of sweep netting) compared to the plankton samples (10 litres of scooped water).
Benthic samples were dominated by insects, mites and microcrustacea (especially ostracods).
Plankton samples had relatively fewer insects, a similar number of microcrustacea (but more
cladocerans) and had more rotifers and protozoans. The saline Potential Spring 1 had lowest
richness in both sample types. Excluding this site, benthic and plankton samples had an
average richness of 79 and 62 species respectively. Two plankton samples were taken at two
of the springs. At Attack Spring a plankton sample was taken from a pool on the mound (P2)
and another was taken from the Phragmites filled moat on the north-east side of the spring
(P1). These two samples were the highest richness plankton samples with 81 and 89 species
and included more microcrustacea than any other samples collected from Kimberley mound
springs (23 and 26 species). Two plankton samples were also collected from Long Spring; one
from the dense stand of inundated Typha on its north-eastern extent (P1) and another from
a pool on the drier mound to the south (P2). These had similar total richness (71 and 65
species respectively) but the sample from the mound had fewer microcrustacea and more
rotifers.

Interstitial samples collected in 2016 and 2017. Figure 10D shows invertebrate richness
within samples of interstitial water pumped from holes in the peat (see Methods) in 2016
(central Kimberley) and 2017 (Victoria-Bonaparte coast). These samples contained relatively
few species compared to surface water samples and were much more dominated by insects
and microcrustacea. Interstitial samples collected in the central Kimberley in 2016
(Bennelongia Environmental Consultants, 2017) had higher total richness, mainly due to the
higher number of insects. Bennelongia (2017) noted that they sometimes had to excavate an
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area around the ~50 cm deep core hole? to allow faster seepage of interstitial water and noted
that this may have resulted in surface water species being collected. In 2017 there rarely a
problem with the cored holes not filling fast enough and tops of the holes were not expanded.
We also tried to take these interstitial samples in areas away from surface water but still in
areas of saturated peat to minimise collection of invertebrates from surface water. This may
explain the smaller number of insects collected in 2017, even though some taxa collected in
2017 interstitial samples were clearly surface water species (e.g. the damselfly Ceriagrion
aeruginsum and Glyptophysa snails). The Victoria-Bonaparte interstitial samples had
numerous species of annelids whereas none were present in the Bennelongia 2016 samples.
In 2017, the richest interstitial samples were from Potential Spring 9 (48 species) and from
Long Spring (41 species).

Together, the eight interstitial samples collected in 2017, contained 103 species, somewhat
less than the 124 species from the six samples collected in 2016 in central Kimberley springs.
Of the species collected in 2017, almost a third (31 species) were collected much more
frequently (>3x) in interstitial samples than in plankton or benthic samples and most of those
(26) were collected only from interstitial samples. Most of those 31 species are sediment
dwellers such as fly larvae, harpacticoid copepods and aquatic earthworms (oligochaetes)
which would be expected to occur within the peat substrate. Others were mostly unidentified
mites (which may have been living within the peat substrate matrix) plus five species of adult
insects (beetles and hemipterans) which were likely to have been washed in from surface
water.

In Figure 11 it can be seen that the interstitial samples did not significantly increase richness
already revealed by collection of plankton and benthic samples.

Figure 12 shows occurrence of species across the three sampling methods (benthic, plankton
and core samples) employed in 2017, using a reduced dataset so that there are five samples
of each type collected from the same five springs (289 species). Only 13% of species were
collected by all three sample types, showing the value of using multiple methods. Some
caution is required here, however, since 71% of the 174 species that were collected only in
one sample type were collected only once within this restricted dataset, so logically could not
have occurred in more than one sample type.

M. Curran, Benelongia Pty Ltd
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Figure 10. Richness of major taxonomic groups in subsets of similar sample type. A, Samples collected between
1993 and 2001; B, Combined plankton+benthic samples collected in 1993, 2003 and 2017; C, Individual plankton
or benthic samples collected in 2017; D, Interstitial samples collected in 2016 (central Kimberley) and 2017
(Victoria-Bonaparte coast).
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Figure 11. Richness of invertebrate samples collected from Walyarta springs in 2015 (10 left columns) and
Kimberley springs sampled in 2017 (six right columns). Orange segments are richness of a combined plankton
and benthic sample and grey segments are the additional species collected from an interstitial sample. Absence
of grey segments means no interstitial sample was collected for that site.

Figure 12. Relative proportions of the total species pool collected by the three sample types, each type
represented by one sample collected at each of the same five springs. Ellipses are proportional to the total
number of species collected by the five samples of each type. Drawn using the eulerr 5.0.0 R package by Larsson
et al. (2018), with a test to confirm that the size of each segment is exactly proportional to the number of species

it represents.
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The differences between sample types are reflected in an ordination of the individual 2017
samples (Figure 13) produced using the vegan package for R (Oksanen et al., 2018) with Bray-
Curtis dissimilarity. In this plot, the plankton and benthic samples from the saline site 14
(Potential Spring 1) are placed well to the left of the remaining freshwater sites. This reflects
the presence in this site of some halophilic species such as the rotifers Brachionus plicatilis
and salt tolerant species such as the beetle Berosus australiae. Otherwise the spread of
samples is different within each sample type, so the different sample types are not surrogates
of one another. There is no indication from this analysis that the two western springs (Big
Spring and Bunda Bunda Spring — sites 1 and 8) have different invertebrate communities to
those of the Victoria-Bonaparte springs. Removing species with only one occurrence in the
dataset produced an almost identical ordination plot. In both cases the ordination plot had a
stress of 0.17 indicating that the analysis could not produce a plot that well represented
differences in community composition between all samples. However, a 3D ordination (Figure
14) produced very similar separation of sample types with acceptable stress (0.12).
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Figure 13. A two-dimensional ordination of invertebrates in all 2017 samples. Site numbers refer to the ‘KMS’
site codes in Tables 1 and 2. Stress = 0.17.
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Figure 14. Axis 1 versus axis 3 of a three-dimensional ordination of invertebrates in all 2017 samples. Site
numbers refer to the ‘KMS’ site codes in Tables 1 and 2. Stress = 0.12.

4.4.4 Significant species

None of the species collected are listed as threatened or priority species. However, there has
been very little survey of aquatic invertebrates across the Kimberley region and relatively few
published studies (with species lists) across northern Australia, making assessments of the
distribution and conservation status of Kimberley aquatic invertebrates difficult at present.
Nonetheless, some species in these samples have rarely or never been collected in Western
Australia (at least in publicly available literature and datasets on Atlas of Living Australia) and
some have been rarely collected at all( Table 5).

One of the testate protozoans from Attack Spring, Bamboo Spring and King Gordon Spring is
Difflugia gigantea Chardez, 1967 and is the first record of this species from Australia
(otherwise known from Europe and North America).

Halse et al. (1996) recorded an undescribed species of Lecane rotifer from Long Spring
(=Rainforest Spring). Whether this is the same species as Lecane sp. A or Lecane sp. B collected
in 2017 is yet to be determined. However, rotifers tend to be widely distributed and so, either
way, the 1993 species is not likely to be restricted to these springs.

One of the aquatic earthworm species resembles Allonais lairdi, otherwise known from India,
South-east Asia and South America, i.e. it is pan-tropical, but the record from Attack Spring is
the first for Australia. Worms from Bamboo Spring are only the second Western Australian
record of the similarly widespread Haemonais waldvogeli, with the only other records from
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Australia being Marlgu Billabong (lower Ord River floodplain) and numerous sites in the
Murray Darling Basin (Pinder, 2003). Some recent work is demonstrating significant cryptic
diversity in supposedly widespread species of aquatic oligochaete, so these specimens may
turn out to be distinct Australian lineages. Another oligochaete, from Attack Spring and Long
Spring, Dero sp. WAS is similar to Dero graveli but may be undescribed.

The anisitsiellid water mite tentatively identified as Mamersella sp. is the first record of this
genus in DBCA studies and there are no Western Australian records on Atlas of Living
Australia. It was recorded only at Attack Spring. The few Mamersella records on ALA are also
from springs, primarily in the Great Artesian Basin. All previous DBCA records of this family
are Rutacarus from springs (Pilbara and northern Wheatbelt) and a record of Sigthoria nilotica
from Kachana Mound Spring in the Kimberley, plus there is an ALA record of Anisitsiellides
from a spring near Chittering near Perth.

Another water mite, Arrenurus sp. WA29 is known only from north-western Australian
groundwater fed wetlands: at Walyarta (Quinlan et al., 2016), Nimalarragun wetland near
Broome (DBCA report in prep.) plus Big Spring (west Kimberley) and Bamboo Spring (Victoria-
Bonaparte) from the present survey. Three other Arrenurus have not been previously
recorded in DBCA projects and are not described species known from Australia. These are
Arrenurus sp. WA28 from Long Spring and Arrenurus sp. 30 from Big Spring. Bennelongia
(2017) recorded an Arrenurus from Fern Spring in the central Kimberley and this is here given
the code Arrenurus sp. WA27 and is also undescribed and not the same as any of the above
species. Some of the other water mites may also be new, for example the Australotiphys and
Austraturus from Kachana Spring and the Axonopsella from Bunda Bunda Spring.

The ostracod Strandesia sp. 653 was recorded from Big Spring in 1999 and again from there
and from King Gordon Spring in 2017 but is not known from elsewhere. Other Strandesia have
also been collected only from Kimberley springs. These are Strandesia sp. 360 from Long
Spring and a species of uncertain generic identity (Strandesia/Chlamydotheca sp. 357)
collected from Long Spring by Halse et al. (1996), the groundwater fed Nimalarragun wetland
north of Broome and other groundwater fed wetlands in the Little Sandy Desert (Pinder &
Quinlan, 2013). Other Strandesia are found in Pilbara groundwater (Halse et al., 2014) and
surface water wetlands in the Pilbara and Carnarvon Basin, especially in temporary waters
(Halse et al., 2000, 2014).

An ostracod collected from most of the Victoria-Bonaparte springs sampled in 2017 (but not
other springs) belong to the tribe Nealecypridinae. Table 2 in Nagler et al. (2014) suggests
these are Tanycypris. These are the same as specimens from Long Spring and Edge Spring
collected in 1993 that Halse et al. (1996) named Strandesia ?camaguinensis Tessler.
Strandesia camaguinensis has since been designated a junior synonym of the widespread
Tanycypris pellucida (Nagler et al., 2014) but neither the 1993 specimens nor the 2017
specimens match any of the five described Tanycypris in Nagler et al. (2014). Tanycypris is an
otherwise Eurasian genus other than a species from Madagascar.

Another species of ostracod from several of the Victoria-Bonaparte springs sampled in 2017
appear to be conspecific with ‘Herpetocypris sp. 652’ from Big Spring and Black Spring
collected in 1999 and specimens collected from the groundwater fed Nimalarragun wetland
near Broome in 2018. These appear to belong to the genus Chrissia which has not been
recorded in Australia but is widespread in Asia and Africa and includes 34 species. In Karanovic
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(2012) these specimens key to Chrissia halyi Ferguson 1969 from Sri Lanka, but we have not
been able to obtain the description of that species for comparison. Most likely our specimens
are a new species.

The darwinulid ostracod Alicenula serricaudata, is a largely groundwater associated species
with a Gondwanan distribution and the records from four of the central Kimberley springs
sampled by Bennelongia (2017), plus Bunda Bunda and three of the Victoria-Bonaparte
springs in 2017, are the first records for Australia (and the Oceania region) (Martens &
Rossetti, 2002).

There is also likely to be undescribed (and probably geographically restricted) species of
Cypretta and llyodromus ostracods in this collection, with numerous morphospecies collected
and both genera requiring substantial taxonomic research.

The diversity of cyclopoid copepods was notably high at these springs, with ten species
recorded in the 2017 survey and twelve species recorded in total across the springs listed in
Table 1. For comparison, only seven species have been collected from the mound springs at
Walyarta (Storey, Halse & Shiel, 2011; Quinlan et al., 2016), with only four in common.
However, Walyarta is a more isolated and confined spring system whereas the springs in Table
1 are distributed over a much larger area and with more extensive surface water.
Microcyclops sp. TP1 was collected from Long Spring and another wetland on the Victoria-
Bonaparte coast by Halse et al. (1996) and was recollected at Long Spring and at King Gordon
Spring in 2017. It is an undescribed species not known from elsewhere.

Big Spring had Mesocyclops woutersi which has rarely been collected in Australia but is widely
distributed in south-east and east Asia (Holynska, 2000). This was collected from the same
spring in 1999 and is known from Palm Island in Queensland (Holynska, 2000). The
harpacticoid copepod Canthacamptus grandidieri is a pan-tropical species, but has rarely
been collected in Australia (Hamond, 1987) but was present in Black Spring sampled by
Bennelongia (2017) plus Big Spring and several Victoria-Bonaparte Springs in 2017. Hammond
(1987) provides some records from north Queensland. Three other harpacticoid copepods
are also likely to be undescribed and not previously collected. Nitokra ‘lacustris’ BO7 from
Bunda Bunda Spring and three Victoria-Bonaparte Springs (Attack, Long and Potential Spring
9), all from 2017 samples, is part of a species complex. Two species of this complex were
recently described from the Yilgarn region of Western Australia (Karanovic et al., 2015) and
sp. BO7 is likely to be a new species3. Canthocamptus sp. B11 was collected from Attack, King
Gordon and Enigma Springs (all Victoria-Bonaparte). Schizopera sp. B37 was collected only
from Potential Spring 1. These last three species are known only from the Kimberley mound
springs at present.

A new species of Karualona cladoceran (water flea) was collected from three of the Victoria-
Bonaparte springs (Attack Spring, Long Spring and King Gordon Spring). This has been
provided to an overseas taxonomist for description. This may be what Halse et al. (1996)
called ‘Alona n. sp. B’ from “Grassed Pool” which is also on the Victoria-Bonaparte coast and
may receive some fresh groundwater discharge. Another cladoceran resembles the pan-

3 Jane McRae pers. comm. Jan 2019.
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tropical Guernella raphaelis Richard 1892 (Macrotrichidae). This was collected from Potential
Spring 9, Long Spring, King Gordon Spring and Attack Spring and represents the first records
of this species from Australia. However, as with other ‘widespread’ species, some cryptic
diversity can be expected with greater endemism than the current taxonomy would indicate
(Frey, 1988; Elmoor-Loureiro et al., 2010). Halse et al. (1996) recorded two undescribed
species of Macrothrix cladocerans (also Macrotrichidae), from Edge Swamp and Long Spring,
but no undescribed members of this genus were collected in 2017. The Picropleuroxus
quasidenticulatus from Big Spring, and four Victoria-Bonaparte springs is a new record for
WA. There are few other Australian records, although it has a broader oriental/neotropical
distribution (Kotov et al., 2013).

The atyid shrimp Caridina spelunca, which is restricted to groundwater associated habitats in
the central Kimberley, was found by Bennelongia (2017) from Middle Spring and Waterfall
Spring. This has not been collected from the Victoria-Bonaparte Springs or the western
Kimberley Springs.

The dytiscid beetle Enochrus fuscatus (syn. Enochrus malabarensis?) is widely distributed
across coastal regions of northern and north-eastern Australia (plus a record from northern
South Australia), but the only other published Western Australian records are those from the
Walyarta springs ((Quinlan et al., 2016). This species occurred at almost all of the Walyarta
springs but the record from King Gordon Spring is the first for the Kimberley Region. Another
beetle Laccophilus seminiger was collected by us at Potential Spring 9 and we are unaware of
any rother records of this from Western Australia.

The above taxa were not evenly spread across the springs (Error! Reference source not
found.) but this may be at least partly due to uneven sampling effort. Many of these species
are microinvertebrates and smaller mites that will be disproportionately collected in surface
water with fine mesh plankton nets which have not been used at any of the central springs or
at Lollywell Spring. Attack Spring and Long Spring had disproportionate representation of
these species (13 and 15 species respectively) and this was not entirely due to the fact that
an extra plankton sample was collected at each of these springs in 2017, since the second
plankton sample taken at each of these sites only added 1 additional species from this list.

4.4.5 Invertebrates associated with groundwater

Few clearly stygophilic species have been collected from Kimberley mound springs, but a
some are known to be associated with interstitial habitats that are permanently saturated
due to groundwater discharge.

The endemic shrimp Caridina spelunca is known from caves and springs in the central
Kimberley and was recorded from two springs (Waterfall Spring and Middle Spring) by
Bennelongia (2017).

4 Chris Watts, South Australian Museum, pers. comm.
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Table 5. Occurrence of rarer species across the Kimberley springs
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Protozoa Difflugiidae Difflugia gigantea 1 1 1
Rotifers Lecanidae Lecane sp. nov. LS1
Oligochaetes  Naididae Dero WAS (cf. graveli ) KMS 1 1
Naididae Allonais cf. lairdi 1
Naididae Haemonais waldvogeli 1
Mites Anisitsiellidae Mamersella sp. 1
Anisitsiellidae Sigthoria nilotica 1
Pionidae Australotiphys sp. K1 1
Aturidae Austraturus sp. K1 1
Aturidae Axonopsella sp. 1
Arrenuridae Arrenurus .29 1 1
Arrenuridae Arrenurussp. 27 1 1 1
Arrenuridae Arrenurussp. 28 1
Crustacea Chydoridae Picropleuroxus quasidenticulatus 1 1 1 1 1
Chydoridae Karualona n. sp. 1 1 1
Macrotrichidae Guernella raphaelis 1 1 1 1 1
Cyprididae Tanycypris sp. 1 1 1 1 1 1
Cyprididae Chrissia sp. 1 1 1 1 1 1
Cyprididae Strandesia sp.653 1 1
Cyprididae Strandesia sp. 360 1
Darwinulidae Alcenula serricaudata 1 1 1 1 1 1 1 1
Cyclopidae Microcyclops sp. TP1 1 1
Cyclopidae Mesocyclopswoutersi 1 1
Canthocamptidae Canthocamptusgrandidieri 1 1 11 1 1 1
Canthocamptidae Canthocamptus sp.B11 1 1 1
Diosaccidae Schizopera sp. B37 1
Ameiridae Nitokra sp.B07 1 1 1 1
Atyidae Caridina spelunca 1 1 1
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Two rarely collected harpacticoid copepods, Phyllognathopus volcanicus and Elaphoidella
grandidieri, are known only from Kimberley mound springs in Australia. The latter has been
collected from western, central (Bennelongia Environmental Consultants, 2017) and Victoria-
Bonaparte springs and is a pan-tropical species (Gaviria & Aranguren, 2007). The records of
Phyllognathopus volcanicus from Big Spring and Potential Springs 6 and 9 are the first for
Australia but the species is also known from interstitial habitats in New Zealand (Lewis, 1984).
Both of these species are likely to require permanent interstitial habitats.

Darwinulid ostracods are generally collected from groundwater or from habitats maintained
by groundwater or hyporheic flows. All DBCA records are from groundwater influenced sites
such as river pool sediments and springs. The three darwinulid species, Alicenula
serricaudata, Penthesilenula braziliensis and Vestalenula marmonieri, collected from
Kimberley mound springs all have supra-Australian distributions. The Alicenula serricaudata
records from the 2016 and 2017 mound spring samples are the first of this genus and pan-
tropical species for Australia. Candonid ostracods also generally inhabit groundwater
(Karanovic, 2007) and an unidentified (female) specimen was collected from Potential Spring
1.

The water mite family Anisitsiellidae tend to be associated with stygal and interstitial habitats
in Australia and all DBCA records of this family are from springs. The Kimberley mound spring
records of two anisitsiellids, Sigthoria nilotica and Mamersella sp. are the only records from
DBCA projects. Sigthoria nilotica, another pan-tropical species (Harvey, 1998), was collected
from Kachana Spring in 2003 and is known from a hot spring in the Northern Territory (Smit
& others, 1998). There are records from other habitats in eastern Australia but the identity of
those is uncertain (Harvey, 1990). Mamersella occur in ‘streams, seepages and springs’
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(Harvey, 1998) and the only described species from Australia, Mamersella ponderi Harvey
1990 is restricted to Great Artesian basin mound springs. The single specimen from Attack
Spring is not M. ponderi and could be a new undescribed species.

Many other species, such as some of the cyclopoid copepods and oligochaetes, are regularly
found in groundwater samples (e.g. from bores well away from wetlands) but are not
restricted to subterranean waters.

The paucity of clearly stygal species does not detract from the critical importance of
groundwater discharge for maintaining the nature of the wetlands (permanently saturated
peat deposits and ponding water under tall tree canopies) and for the distinctive communities
they support.

4.4.6 Composition in relation to other wetlands

Understanding distributions of aquatic invertebrates and the conservation significance of
invertebrate communities in the Kimberley region is hampered by the fact that there have
been very few published studies of the region that have involved species level identification
(see Introduction) and published the data.

There is certainly significant pan-tropical, Oriental and Australo-papuan/Australasian
elements to the fauna of these springs, as for the Kimberley and tropical Australian regions
more generally. Examples are the copepod crustacean Mesocyclops woutersi (widespread in
south-east and east Asia - Holynska (2000)), the cladoceran Pseudosida szalayi (south, south-
east and east Asia - (Korovchinsky, 2010)), the water mite Sigthoria nilotica (otherwise Africa,
South and South-east Asia — Harvey (1990)) and the aquatic earthworm Allonais lairdi
(otherwise Neotropical and Oriental - Martin et al. (2008)).

The idea that many species are widespread does need to be tempered by the increasing
understanding that there is significant genetic evidence for cryptic species with narrower
ranges. For example, the aquatic annelid Branchiodrilus hortensis (Stephenson, 1910) was
thought to be a pan-tropical species (with records in the Kimberley) but recent studies (Martin
et al., 2018) have shown this to be made up of several genetically distinct species with more
limited distributions. Unfortunately no Kimberley specimens were included in that analysis.
Recent work on ostracods is also showing much greater species diversity, partly through
genetic analyses, than previously thought (Martens, Halse & Schon, 2013; Halse & Martens,
2019).

It is likely that most of the species collected from these springs will occur in other types of
wetlands and rivers in the Kimberley and most (especially those from the Victoria-Bonaparte
coast) are likely to have distributions that extend east into at least the Northern Territory.
Most of the dragonflies and damselflies, for instance, have distributions that extend across at
least tropical/subtropical Australia, although there are some exceptions: e.g. the damselfly
Nososticta koongarra is known only from the Kimberley and the Northern Territory tropics
(Theischinger & Endersby, 2009). Distributions of many other aquatic invertebrates are not
so well documented.

Of the 581 species listed for ‘northern tropical rivers’ by Humphrey et al. (2008), 75 have been
recorded from Kimberley mound springs, but many taxonomic groups are not included in
Humphrey et al.’s (2008) list.
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A project to provide baseline condition and biodiversity data at 44 significant wetlands in
Western Australia included five wetlands in the Kimberley: Lake Eda, Airfield Swamp, Parrys
Lagoon, a swamp at the Ngallagunda Community and Le Lievre Swamp (see references
provided in the Introduction). These are primarily fed by rainfall/surface water sources rather
than groundwater. A total of fifteen benthic samples were collected from these wetlands in
2008 (three per wetland). Together, samples from these sites had 155 distinct
macroinvertebrate taxa (microinvertebrates were not identified due to time constraints). Of
these, at least 40% have been collected from Kimberley Mound Springs, although some
differences in taxonomic resolution hinder a full comparison at this stage. This shared
component represents about 20% of the equivalent taxa from the mound springs.

Storey (2002) collected 171 macroinvertebrate taxa from 58 samples collected from the lower
Ord River downstream of Kununurra to the river adjacent to Parry Lagoons. Only 16 (9%) of
these have been recorded from Kimberley mound springs, though this will be a slight
underestimate due to differences in taxonomic resolution. This component in common
represents only about 5% of the equivalent range of invertebrates from the mound springs,
which is not surprising given that the Ord sites were all riverine.

Figure 15 is a plot from a three-dimensional ordination with aquatic invertebrate data
collected from Kimberley springs in 2017 (the six sites with both plankton and benthic data)
and equivalent data from the Walyarta mound springs sampled in 1999 (Storey et al., 2011)
and 2015 (Quinlan et al., 2016). This analysis used a dataset that was taxonomically aligned
and consisted of 304 species. This shows that invertebrate communities of the Kimberley
springs were distinct from those of the Walyarta springs. Interestingly, the plot suggests the
difference between the Kimberley springs and those of Walyarta is no greater than the
turnover in species between the 1999 and 2015 Walyarta samples. However, it can be seen
from

Figure 16 that over two-thirds of species (within the taxonomically aligned joint dataset)
collected from the Kimberley springs were not collected at Walyarta and that 60% of species
collected from one or both Walyarta datasets were not collected from the Kimberley Springs.
The actual number of species occurring in the Kimberley springs but not in the Walyarta
springs would be even higher because the joint dataset excludes some speciose groups (due
to taxonomic issues) likely to exhibit significant endemism (e.g. Cypretta and llyodromus
ostracods). Also, a large proportion of the species collected from just one of the three
datasets were singleton species (occurring in just one sample) so would not have influenced
similarity between sites represented in Figure 15.

Although it is early days in terms of aquatic invertebrate survey in the Kimberley, the picture
at present is that these springs support a high diversity of aquatic invertebrates and, while
most of the individual species are likely to be widely distributed in at least the region, there
is a suite of species that is rare and more likely to be represented in these springs than other
wetland types in at least the Kimberley. Furthermore, the composition of the springs’ aquatic
invertebrate communities is unlikely to be replicated in other types of wetlands anywhere in
Australia.
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Figure 15. Axes 1 and 2 of a three-dimensional ordination of all surface water samples involving combined
plankton and benthic samples collected from springs at Walyarta and in the Kimberley region. Stress = 0.1.
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Figure 16. Relative proportions of the total species pool collected from Walyarta (1999 and 2015) and Kimberley
mound springs. Circles are proportional to the total number of species within each of the three datasets (after
taxonomic alignment). Drawn using the eulerr 5.0.0 R package by Larsson et al. (2018), with a test to confirm
that the size of each segment is proportional to the number of species it represents.
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4.5 Glossary

Benthic sample. A sample taken with a coarse mesh net (usually 250 um) to sample
invertebrates living amongst the mud, aquatic plants and organic detritus as well as those
larger animals swimming in the water. The coarse mesh allows rapid sweeping through all
habitats without the net becoming clogged up with fine particulate matter, but some smaller
animals pass through the net. These samples primarily target macroinvertebrates.

Plankton sample. A sample taken with a very fine mesh net (usually 50 to 100um) used to
sweep more slowly through the water to catch invertebrates in the water column or aquatic
plants, including the microinvertebrate species such as rotifers and protozoans.

Interstitial. Referring to species that live within (as opposed to on or above) wetland
substrates.

Microcrustacea. Species of ostracod, copepod and cladocera.

Microinvertebrates. Microcrustacea plus rotifers and protozoans
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Appendix 4. Aquatic invertebrate data matrix

it en o ok s el fare  foww s sees  ma  Awe ey ey s e o e T e A A R oy 0
e oy S WoNme AW DS VOGN0 GwAm WOy UMaon  uMoW ey oy uwon  won 2w Bt ey o e T R ot t i )
e s S . 3 . . . 3 v 3 o @ " . . < v . 3 " n 3 3 3 < . " . < 3

v L G G e e

pr—

U | N

capran
u—

%
E
!

!
|
o b e R

I\

§
B

i
B
i

§
I

]
|
I
I

e
I"‘.'
|
.’

)

g
H

i
i
i
i

134

|
| . E B!
l

TR



[ Moo ol ool A R o i o vl v g o o o v G o G o i o=~ v coP b o Mo e D v o N O o L - R o v g iy
e won s W e e s i S o R oot o o R I S R v N R o it il et s e S v i s A AN
P f— e 80 . s s e < . o @ " v H . . T ¢ . < . v v c < . < . s
T S —
-
e L ] — L] — —
— — — T
= g —— e | e e B ey
— —
]
. — e
: — — —
e e e | —
—
[
e — — — — — —
S e s e L]
el oo —
vy | —
o pern oo e e [ e e e -
— e —
e
e —
P
oo —
oo — —
iy —
e —
-
poseey — I — — L]
oo — —
frovbey e
v s ferind —
prscens oo — — — T
proe e —
prs e — — — — L
Py e e - — — — e
o prtewint i — L |
preini s —
Gt e — — — -—
Comaant oot —
S avitne oo —
ey v —
o~ frosrrcl ocor — — — — —
posont ocrons I —
- ocom — — L]
e ot s [ [ ] — —
s =_ ]
ooy oo I
jrosvuna o —
frosvang o —
M e e — ] —
fe—
o — oo
Perthesieia sp. onosass. — —
[T . fond —
pusioon o et — — — — e — — —
e - ororr — — — —
Py o ﬁ
Py s
. — .
S Ul |l el -
ey ot
P ot
G g s
bty oo L] — — — L] L]
FEEE s — f— —
e — L] —
[ — S ]
i % —
[t s e .
i . 0582 el — — L] —
purssrey fed —
e st feee ] L]
pursd ornes
prsans o] L T —
purian peed —
v sty —
Pty e —
o |
S o
prosion vy _ — —" — e F D
Py vy — — ]
s o) feed
[
oo Jo— o
frse s, piee — — — — T o — — — — —
friscst freed
prsisaghois i r——) e — — L] — — —
frosssd preed
prossmapieti pree —
promtncturny prred —
prostontet prred — — —
promsncpind S —
promsncpad oaions L] L]
prostontamen anions T
promunctry oo —
prostnti frrod — — —
oo s ey — — — .
s v preed ] — S — — —
fruniir pred
v e — —
Commde oo ket prven — L — — —
e s pree " — —
pre et froeed — — —
e oy s ey _- — —
ey freed
pa—
e e - L — —
JR———
el o, o —
P oy L]
priey o
[r——
[rOSS— o —
f—,
[P - - — —
conen
[ pa— acnonn —
e e e
oo s o —T — — — — ] — —
ety e —
orace s e — N — —
ot e e
o e L] — L]
et i e .
ot e
o ey —
i oo [ —
v prroe) — e
i et peed [
fossehed e
jusvbens preed
prE— acso o — — —
=k = — i — -
- o | L |
o — acosors —
o oo
o prsies (803 of Seneonio 2011 acosons. — — —
o e ey
e = | —



[Py oo ol o v N oo oo o v g . L e Gam oam e e e e ool M My N vl o N O o L - R o v g iy
e won s W e D S o s e e 0 e e o W wem vy tilit il et o gy T wm e souko o vme  wmme  mwes awe wee  owim se
P f— e 80 < . . @ H . C e . s e e < . v v . < . < . < s
o r —
s o
= = 1
P2 — .
. -
e —
ey — —
o e |
e —
pee —
e =
o —
Geouion —
e e .
s —
o —
e
oot oo —
i o —
ey —
e
e —
e
o — — — L]
e — —
e — L]
by i — |
[t e — — — — .
Joniir e — B
fusemmen e — —
o e
o s e —
s im
. juncan e
W 1 e =
i 108 e
i 01 e
i 21 Getins . L
fomtd e
ity e —
e e
e e — — ] - e —
fosend fosnn® poved
st ey
ety vy —
s v — —
it 181 v —
posmdechad v —
ot Gonorn — — —
fons — faveel — —
a—
! T worm — — — —
Tkt freteed —
Tt oty —
o x oo — [ —
oy oo — —
i et |
ftiotvad oot
e st oy — — — S — L]
e o it =] ]
ooy oo — -_ . — — — — e
pistosmiy freteed —
peent s — . —
i oo
prey oo — —
prandso oo L] — — —
o freteed
pratuned et ] e — —
Pt et
frng oo L] —
Pt — i —
oo oo — e
prri— Goonan — — —
o oo
r oo — —
Cavarn oo
o B oo [ L | — — .
jrovt jroceq — — L]
frevaegy (. e —
T n s o L] — —
fusciuiy oo L] — L T — S | L] — — —
prieery o —
o s 1 et s e D S — L] [ 7
oot 8 et froee — —
= oo L] —
T o — |
Cerstopogonidae 15 KAS6 {PSticbersa) 0089987 -
oot i oo
oot i frow — o
Comomai ey S ﬂ — —
Comepemtn s SR froced —
preopiiond —
St P oo e e e . T
frie pavictvepe e —
oo et —
o o —
frem frem e — — ] [ — b | — [ — —
St oo friveq .- — — — — —
fresiy frosssialiy v —
oo g — — — —
foseiit frend —
e S ot — —
e — — — — e
ot s — — —
| jrece — R —
e [ |l —
i v —
fimeideiot e — ]
Ojsatatist: DAEO6S9 -
furap froved — — L] S — —
P S froned — e _—
g froved —
ot k) frovnd — L — — —
s albicess QOAELTOL -
i ot e — —
ol ok [ T
= = — E—— - _— e ™ -
bty oommcs —
o te v __ — b | —
s froved —
e == — [ ]
Tt o Gons —
e Gowa — =
oo frovnd .
v s o | —
o froved e —
fremn proveey —
o v — — —
o — — — —
o — — .
comns — —
T i Gomont | — — — — —
i et T — L]
fEEE2EE, et —
= e — ——

136





