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Table S1. Environmental parameter data collected at the time of eDNA sampling.

Site .Cave . Acidity  Temperature Conductivity  Salinity Air . Dissolved
No. index  Site name (pH) °C) (ms) (ppt) saturation Oxygen
No. (% sat) (mg/L)
1 Cl-19 19t Hole 7.9 26.6 14.1 7.1 86.4 5.4
2 Cl-1  The Grotto 7.1 26.1 6.4 3.2 87.7 5.7
3 CI-54  Whip Cave 7.0 25.9 5.2 2.6 83.0 5.2
4 Cl-3 Daniel Roux (Lower) Cave 7.3 25.7 0.8 0.4 85.5 5.6
5 Cl-10  Freshwater Cave 7.2 26.1 1.0 0.5 61.8 4.0
6 - Hugh Dale Waterfall 7.4 25.2 0.6 0.3 87.3 5.7
7 Cl-79  CI-079 (unnamed) 7.5 26.0 0.6 0.3 92.4 5.9
8 Cl-103  sepulchral Soil Sink 7.6 26.3 12.6 6.4 86.0 5.5
9 - Waterfall Spring 7.5 26.5 0.5 0.2 95.6 6.1
10 - Freshwater Spring 7.1 26.2 0.8 0.4 39.5 2.5
11 Cl-5  Jedda Cave 7.7 26.1 0.5 0.3 80.0 5.1
12 Cl-6  Jane-up Cave 7.6 25.8 0.5 0.3 80.4 5.1
13 Cl-86  Jones Spring 7.3 26.6 0.7 0.3 86.1 5.5
14 C-11  Grants Well 7.3 25.1 0.6 0.3 79.5 5.1
15 ClI-90  Thundercliff Cave 7.7 26.1 41.6 26.0 79.5 5.0
16 Cl-142  Ryan’s Ripper Rift 7.7 25.7 3.3 1.6 87.2 5.7
17 CI-75  Hosnies Spring 8.2 25.6 0.6 0.3 87.9 5.7
18 - Ross Hill Gardens Spring 1 7.5 25.4 0.6 0.3 90.4 5.8
19 - Ross Hill Gardens Spring 2 7.7 25.6 0.6 0.3 92.5 6.0
20 Cl-143  Dolly Cave Spring 7.9 25.8 0.5 0.3 87.5 5.6
21 Cl-7  Lost Lake Cave 1 7.4 26.0 9.7 4.8 85.0 5.5
22 Cl-7  Lost Lake Cave 2 7.5 26.0 1.2 1.3 86.2 5.6
23 CI-141  WiFi Cave 7.4 25.5 0.6 0.3 82.9 5.3




Supplementary Information Section 1. qPCR reagents and conditions

Quantitative PCR (qPCR) amplification was performed using fusion tagged primers that
consist of an Illumina sequencing adaptor, a unique index (8bp in length) and a primer sequence
from each respective assay (see Table 2 for assay details). All qPCR reactions were prepared
in an ultra-clean trace DNA facility, with each 25 pl reaction containing final concentrations
of: 1X AmpliTaq Gold® PCR buffer (Life Technologies, Massachusetts, USA), 2mM MgCl,,
0.25mM dNTPs, 0.2uM each of forward and reverse primers (Integrated DNA Technologies,
Australia), 10ug BSA (Fisher Biotec, Australia), 0.6ul of 5X SYBR® Green (Life
Technologies), 1U AmpliTaq Gold® DNA Polymerase (Life Technologies), 4ul of eDNA
template, and made to volume with Ultrapure™ Distilled Water (Life Technologies). Each
qPCR was performed on a StepOnePlus Real-Time PCR System (Applied Biosystems,
Massachusetts, USA) under the following conditions: initial denaturation at 95 °C for 5 min,
followed by 50 cycles of 30s at 95°C, 51-54°C for 30s (see respective annealing
temperatures in Table 2) and 45 s at 72 °C, with a final extension for 10 min at 72 °C.

Supplementary Information Section 2. Bioinformatic parameters

Unidirectional sequencing reads were demultiplexed using the ngsfilter (allowing up to three
mismatches in primer sequences, zero mismatches in unique indexes) and obisplit commands
in OBITools (v1.2.9)!. Unmerged paired-end sequencing reads were demultiplexed using
default parameters in the insect package? in RStudio (v1.1.423)%. Demultiplexed data was
then quality filtered (minimum length=100, maximum expected errors=2, no ambiguous
nucleotides), denoised, filtered for chimeras and dereplicated (pool=TRUE) using the
DADAZ2 pipeline* in RStudio. The resulting amplicon sequence variant (ASV) fasta file for
each assay was then queried against NCBI’s GenBank nucleotide database® (accessed in
2019) using BLASTn (minimum percentage identity of 90, maximum target sequences of
10, reward value of 1) and also against a curated 16S rDNA Western Australian fish
database® via Zeus, an SGI cluster, based at the Pawsey Supercomputing Centre in
Kensington, Western Australia. Taxonomic assignments of ASVs were curated using a
lowest common ancestor (LCA) approach (https://github.com/mahsa-
mousavi/eDNAFlow/tree/master/LCA_taxonomyAssignment_scripts)’. ~ This  collapses
assignments to their LCA if the percentage identity between each consecutive hit (set to the
top 10 hits) differed by less than one (based on 100% query coverage). We chose this
approach as it essentially removes arbitrary percent thresholds for taxonomic assignments.
All resulting taxonomic assignments were further classified based on associated
environment and biogeographic distribution data obtained from CI subterranean biodiversity
surveys®® and the World Register of Marine Species (WoRMS)!?. Putative new occurrence
records were additionally assessed for whether all congeneric taxa have been barcoded for the
targeted gene region. Any ASVs that were detected in filtration and/or extraction blanks were
entirely removed; remaining ASVs that share the exact taxonomy assignment were then
merged using the phyloseq ‘tax_glom’ function'! in RStudio. This produced a taxonomic-based
matrix; read abundance was converted to presence/absence data in PRIMER v7'? for
subsequent statistical analyses.




Table S2. Mean reads per replicate sample in bioinformatic processing.

Demultiplexed DAD{'\Z DADA2 Post-chimera Dereplicated ASVs with
Assay Quality . . .
Input ) Denoised removal unigue sequences BLAST Hit
filtered
165 Fish 118,973 74,309 74,014 74,014 36 9
(short)
16S
70,860 66,743 66,159 66,152 15 6
Crustacean
18S
31,833 28,895 27,079 22,968 215 143

Universal




Table S3. Total number of quality filtered (post-chimera removal) sequencing reads per
replicate sample per assay.

Replicate # 16S Fish (short) 16S Crustacean 18S Universal
la 130788 12 32630
1b 160508 207 20606
1c 176525 29282 52454
1d 247164 313774 8166
le 41734 3 29789
1f 207042 13 16791
1g 218477 36 751
2a 3220 6 15783
2b 93110 32341 34151
2c 83565 710158 8981
2d 32266 90840 21342
2e 161445 23 19915
2f 102681 85293 12047
2g 128 3 2657
3a 33751 48 14593
3b 70303 29521 21812
3c 68990 29056 14761
3d 71636 40 40809
3e 125685 120690 18243
3f 70205 185 21595
3g 338944 71 7583
4a 108083 149 81196
4b 26536 6 46514
4c 39095 21 37229
4ad 92214 13 20088
4e 114965 36 9438
af 4477 41 32186
4g 126028 5 61
5a 76568 1 19391
5b 213101 26 31337
5c 155233 81330 31650
5d 215566 94263 47902
Se 150005 513608 11454
5f 140729 2 30123
5g 24 5 39429
6a 44034 46998 60406
6b 29724 4 17687
6c 202716 101693 27472
6d 45611 450499 20166
6e 7904 161640 19154
6f 81566 7 7932
6g 27276 280288 9030
7a 109531 2 20443
7b 66800 50 39990
7c 84510 310461 45932

7d 78200 4 155667
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Figure S1. Taxa accumulation curve by the addition of sample replicates (six water and
one sediment). Each line represents the addition of replicates at an individual site.



Table S4. Two-way crossed PERMANOVA testing for the effect of site and sample type
(water and sediment). Significant P value codes are as follows: 0 < 0.001 “***°0.001 < 0.01

*%°0.01 <0.05 “*.

Source d.f Sum of Mean Sq Pseudo-F Unique P
squares perms
Site 22 81952 3725.1 1.3235 9716 0.0034 **
Sample type 1 18805 18805 6.6813 9943 0.0001 ***
Residual 16 45033 2814.6
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Figure S2. Principal coordinates analysis (PCO) of cave faunal composition by sample
type (water and sediment). Sites are numbered next to their respective water (pooled
replicates) and sediment samples.
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Figure S3. Boxplots of total taxa per sediment and water replicate.



Table SS. Similarity percentage analysis (SIMPER) of CI subterranean taxa. Pairwise
dissimilarity between sample types.

Av.

Avg. . Av. Abund Av. Diss/ . Cum.
Groups Diss % Taxon Abund in in Sediment  Diss D Contrib.% %
Water

Water & 85.85  Discoplax 0.96 0.06 7.95 1.68 9.26 9.26

Sediment Gecarcoidea lalandii 0.61 0.29 477 0.89 5.55 14.81
Geograpsus crinipes 0.43 0.88 4.39 0.89 5.11 19.92
Naididae 0.52 0.18 396 0.81 4.62 24.54
Discoplax magna 0.35 0 3.18 0.64 3.7 28.24
Darwinulidae 0.3 0.29 299 0.76 3.48 31.72
Sarcoptiformes 0.3 0.24 244 0.74 2.85 34.57
Decapoda 0.26 0.06 2.14 0.58 2.49 37.06
Anoplolepis
gracilipes 0.3 0 1.97 0.54 2.3 39.36
Gobio gobio 0.26 0 1.85 0.51 2.15 41.52
Formicidae 0.26 0 1.69 0.56 1.96 43.48
Psocoptera 0.22 0 1.66 0.5 1.93 45.41
Shelfordella 0.22 0 1.65 0.44 1.92 47.33
Penaeus vannamei 0.04 0.12 1.56 0.38 1.81 49.14
Coptotermes gestroi 0.22 0.06 1.5 0.5 1.75 50.89
Willowsia
nigromaculata 0.22 0 1.41 0.44 1.65 52.54
Eleotris 0.22 0 1.36 0.49 1.59 54.13
Exocoetus 0.13 0.06 133 041 1.55 55.68
Araneae 0.22 0 132 0.51 1.53 57.22
Demospongiae 0.13 0.06 1.21 0.38 1.41 58.63
Haplosclerida 0.17 0 1.05 0.4 1.23 59.86
Cyprinidae 0.13 0 1.05 0.33 1.23 61.08
Amynthas 0.13 0.06 1.04 0.43 1.21 62.3
Entomobryomorpha 0.17 0 1.01 0.45 1.18 63.47
Haplotaxida 0.09 0.06 0.92 0.37 1.07 64.54
Darwinula stevensoni 0.04 0.12 0.91 0.4 1.06 65.6
Hemidactylus
frenatus 0.13 0 0.86 0.37 1 66.6
Lepidopsocidae 0.09 0 0.86 0.28 1 67.6
Lasioseius 0.09 0 0.78 0.28 0.91 68.52
Craspedacusta
sowerbii 0.09 0.06 0.78 0.39 0.91 69.42
Haliclona cinerea 0.09 0 0.74 0.3 0.86 70.29
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Figure S4. Taxa accumulation curve by the addition of sites (cave/spring). Dotted line
represents 95% confidence interval.



Table S7. Distance based linear model (DistLM) analysis of subterranean faunal
community variation. These were constructed using a sequential step-wise selection
procedure and adjusted R? criterion. Significant P value codes are as follows: 0 < 0.001 ¢*%#%*>,
0.001 <0.01 “**°/0.01 < 0.05 “*".

. . . Cumulative
Type of test Predictor Adj R2 Proportion Proportion P
All sites
Marginal Latitude 0.051 0.285
Longitude 0.042 0.584
Acidity 0.048 0.374
Temperature 0.049 0.350
Salinity 0.073 0.015 *
Dissolved oxygen 0.039 0.724
Site type (cave/spring) 0.090 0.003 **
Sequential Site type (cave/spring) 0.047 0.090 0.090 0.002 **
(step-wise) Salinity 0.066 0.061 0.151 0.041 *
Latitude 0.073 0.048 0.199 0.257
Best solution Adj R? R?2 No. Groups  Selections
0.073 0.199 3 1,6,9
Cave sites only
Marginal Latitude 0.084 0.280
Longitude 0.119 0.030 *
Acidity 0.083 0.295
Temperature 0.090 0.197
Salinity 0.100 0.057
Dissolved oxygen 0.065 0.776
Sequential Longitude 0.045 0.119 0.119 0.029 *
(step-wise) Dissolved oxygen 0.074 0.098 0.217 0.053 *
Salinity 0.108 0.097 0.314 0.063
Acidity 0.138 0.089 0.403 0.129
Temperature 0.176 0.090 0.493 0.127
Best solution Adj R2 R?2 No. Groups Selections
0.176 0.493 5 2-4,6,8
Spring sites only
Marginal Latitude 0.165 0.113
Longitude 0.108 0.717
Acidity 0.133 0.377
Temperature 0.131 0.397
Salinity 0.138 0.317
Dissolved oxygen 0.155 0.076
Sequential Latitude 0.046 0.165 0.165 0.103
(step-wise) Dissolved oxygen 0.064 0.133 0.298 0.311
Best solution Adj R2 R?2 No. Groups  Selections
0.064 0.298 2 1,8




Total taxa per site

Table S8. One-way ANOVA testing for the effect of site type (cave or spring) on site
richness. Significant P value codes are as follows: 0 < 0.001 “***’_/0.001 < 0.01 “**°/0.01 <

0.05 “*.
Source d.f Sum of Mean Sq F value P
squares
Site type 1 4.3 4.28 0.042 0.84
Residual 21 2155.5 102.65
)
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Figure SS. Taxa richness in subterranean fauna across the two site types.




Table S9. Similarity percentage analysis (SIMPER) of CI subterranean taxa. Pairwise
dissimilarity between the site types (cave and spring sites).

Avg. Av. Abund  Av. Abund in Av. Diss/ . Cum.
Groups Dissg% Taxon in Caves Springs Diss SD Contrib.% %
Cave & 73.89 Darwinulidae 0 0.89 3.75 1.87 5.08 5.08
Spring
sites Discoplax magna 0.14 0.67 2.76 1.04 3.73 8.81

Decapoda 0.07 0.56 2.41 0.93 3.27 12.07
Sarcoptiformes 0.21 0.67 2.34 1.13 3.17 15.25
Naididae 0.43 0.67 2.32 0.92 3.13 18.38
Gecarcoidea lalandii 0.57 0.78 2.1 0.81 2.84 21.22
Formicidae 0.14 0.44 1.77 0.86 2.4 23.62
Geograpsus crinipes 0.57 1 1.74 0.72 2.35 25.97
Gobio gobio 0.21 0.33 1.69 0.74 2.28 28.25
Exocoetus 0 0.33 1.62 0.62 2.19 30.44
Anoplolepis gracilipes 0.36 0.22 1.61 0.74 2.18 32.62
Psocoptera 0.14 0.33 1.59 0.73 2.15 34.77
Shelfordella 0.21 0.22 1.52 0.61 2.06 36.83
Coptotermes gestroi 0.21 0.33 1.5 0.75 2.03 38.86
Araneae 0.14 0.33 1.46 0.75 1.98 40.84
Eleotris 0.14 0.33 1.43 0.73 1.93 42.77
Entomobryomorpha 0.07 0.33 1.34 0.72 1.81 44.58
Willowsia

nigromaculata 0.29 0.11 1.24 0.62 1.67 46.25
Amynthas 0 0.33 1.17 0.67 1.59 47.84
Darwinula stevensoni 0 0.33 1.17 0.67 1.59 49.43
Hemidactylus frenatus 0.07 0.22 1.15 0.56 1.56 50.99
Haplosclerida 0.29 0 0.98 0.56 1.33 52.32
Penaeus vannamei 0.21 0 0.97 0.48 1.31 53.63
Cyprinidae 0.21 0 0.89 0.47 1.2 54.83
Oxyporhamphus

micropterus 0 0.22 0.88 0.49 1.2 56.02
Craspedacusta sowerbii 0 0.22 0.86 0.51 1.16 57.19
Limnodrilus 0 0.22 0.86 0.51 1.16 58.35
Araneidae 0.07 0.22 0.83 0.55 1.12 59.47
Turdus 0 0.22 0.82 0.52 1.12 60.59
Haplotaxida 0 0.22 0.82 0.52 1.12 61.7
Lepidopsocidae 0.07 0.11 0.75 0.41 1.02 62.72
Harpacticoida 0.07 0.11 0.71 0.43 0.96 63.68
Aphis 0.07 0.11 0.69 0.42 0.94 64.62
lophon 0.21 0 0.69 0.46 0.94 65.56
Demospongiae 0.21 0 0.67 0.46 0.9 66.46
Haliclona cinerea 0.14 0 0.63 0.39 0.85 67.31
Lasioseius 0.14 0 0.62 0.38 0.84 68.15
Polyxenida 0.07 0.11 0.62 0.43 0.84 68.99
Anthozoa 0.21 0 0.58 0.48 0.79 69.78
Alcyonacea 0.21 0 0.58 0.48 0.79 70.57




Table S10. Similarity percentage analysis (SIMPER) of CI subterranean taxa. Pairwise
dissimilarity between the salinity groups (freshwater, oligohaline, mesohaline & polyhaline).

Av. Av. . .
Groups Dl?:sg:% Taxon Abundin  Abundin I;:s D;st/ COI:/:I’Ib. Cl::Am'
Group 1 Group 2
Mesohaline & 79.18  Caranx ignobilis 0.5 0 2.61 0.92 3.3 3.3
Oligohaline Atractomorpha 0.5 0 2.61 0.92 3.3 6.6
Glycyphagidae 0.5 0 2.61 0.92 3.3 9.9
Stylommatophora 0.5 0 2.61 0.92 3.3 13.2
Lasioseius 0.5 0.17 2.58 0.92 3.26 16.47
Gecarcoidea lalandii 0.5 0.67 2.56 0.92 3.23 19.7
Haplosclerida 0 0.5 2.56 0.94 3.23 22.93
lophon 0.5 0.17 2.39 0.93 3.02 25.95
Artemia franciscana 0.5 0 2.36 0.93 2.98 28.93
Mesohaline & 74.77  Naididae 0 0.64 3.38 1.15 4.52 4.52
Freshwater Discoplax magna 0 0.57 3.19 1.02 4.27 8.79
Caranx ignobilis 0.5 0 3.06 0.9 4.09 12.89
Lasioseius 0.5 0 3.06 0.9 4.09 16.98
Atractomorpha 0.5 0 3.06 0.9 4.09 21.07
Glycyphagidae 0.5 0 3.06 0.9 4.09 25.16
Stylommatophora 0.5 0 3.06 0.9 4.09 29.26
Gecarcoidea lalandii 0.5 0.64 2.92 0.9 3.9 33.16
Decapoda 0.5 0.36 2.79 0.91 3.73 36.89
Oligohaline & 75.46  Discoplax magna 0 0.57 2.54 1.02 3.37 3.37
Freshwater Naididae 0.33 0.64 2.47 1 3.27 6.64
Haplosclerida 0.5 0 2.35 0.92 3.11 9.75
Darwinulidae 0 0.57 2.16 1.06 2.86 12.61
Gecarcoidea lalandii 0.67 0.64 2.04 0.83 2.71 15.32
Sarcoptiformes 0.33 0.43 2.03 0.86 2.69 18.01
Eleotris 0.33 0.21 1.83 0.74 2.43 20.43
Geograpsus crinipes 0.67 0.79 1.8 0.75 2.38 22.81
Anoplolepis gracilipes 0.33 0.29 1.79 0.8 2.37 25.18
Mesohaline & 93.28  Geograpsus crinipes 1 0 1.7 41.72 1.82 1.82
Polyhaline Anoplolepis gracilipes 0 1 1.7 41.72 1.82 3.64
Willowsia nigromaculata 0 1 1.7 41.72 1.82 5.45
Coptotermes gestroi 0 1 1.7 41.72 1.82 7.27
Shelfordella 0 1 1.7 41.72 1.82 9.09
Melichthys niger 0 1 1.7 41.72 1.82 10.91
Callyspongia 0 1 1.7 41.72 1.82 12.72
Fredericella sultana 0 1 1.7 41.72 1.82 14.54
Agelas schmidti 0 1 1.7 41.72 1.82 16.36
Oscarella 0 1 1.7 41.72 1.82 18.18
Oligohaline & 82.41  Melichthys niger 0 1 1.57 15.66 1.91 1.91
Polyhaline Fredericella sultana 0 1 1.57 15.66 1.91 3.81
Agelas schmidti 0 1 1.57 15.66 1.91 5.72
Oscarella 0 1 1.57 15.66 1.91 7.63
Hebella contorta 0 1 1.57 15.66 1.91 9.54
Dynamena crisioides 0 1 1.57 15.66 1.91 11.44
Scleractinia 0 1 1.57 15.66 1.91 13.35
Nerillidae 0 1 1.57 15.66 1.91 15.26
Billardia subrufa 0 1 1.57 15.66 1.91 17.17
Freshwater & 87.89  Melichthys niger 0 1 1.62 10.15 1.85 1.85
Polyhaline Callyspongia 0 1 1.62 10.15 1.85 3.69
lophon 0 1 1.62 10.15 1.85 5.54
Fredericella sultana 0 1 1.62 10.15 1.85 7.38
Agelas schmidti 0 1 1.62 10.15 1.85 9.23
Oscarella 0 1 1.62 10.15 1.85 11.08
Hebella contorta 0 1 1.62 10.15 1.85 12.92
Haplosclerida 0 1 1.62 10.15 1.85 14.77
Micronerilla minuta 0 1 1.62 10.15 1.85 16.62
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