. biology

(a)

Supplementary S1
51.1: Translocation
Site preparation

Ten enclosures were built in 2019, using 300 mm high lengths of sheet metal buried
approximately 100 mm in the ground and riveted together to form a 2 x 5 grid of 25 x 25 m
enclosures. Timber artificial burrows made from 30 x 300 mm hardwood dowel were
installed in accordance with Milne (2000), Souter et al. (2007) and Pettigrew & Bull (2011)
(Figure S1.1.1). Each enclosure was divided into 5 x 5 m sections, and an orange marker
peg installed at each linear intersection. A cluster of 3 x 400 mm deep holes were drilled
on the South-west side of each orange marker peg using a 30 x 400 mm drill bit and
cordless drill. These holes were spaced 200 mm apart (centre to centre) in a triangular
formation. A timber artificial burrow was tapped into each hole with a hammer until the

top of the burrow was flush with the ground (Figure S1.1.1).

2

=]
3

m

|

Orange plastic
marker peg Q

300mm

O
@ 200mm

(b) i

@ 30mm

Figure S1.1.1 (a) Layout of artificial burrow clusters at the translocation site at

Timber artificial burrow
300 x 30mm

Tarlee, (b) dimensions of an individual burrow

Capture and translocation of pygmy bluetongue lizards 2020

Pygmy bluetongues were located during August through September 2020 at Kapunda
and Burra, and in January 2021 in Jamestown, Burra and Kapunda South Australia by
searching sites with previously recorded populations. Transects were walked and
appropriately sized burrows were marked with a wire and plastic flag. Marked burrows
were then inspected with an Inline portable endoscope (Yatek M615FM) and burrows with
pygmy bluetongue lizard occupants marked with flagging tape. Semi-permanent orange
plastic pegs were installed 200 mm from the burrow entrance at pygmy bluetongue lizard
occupied burrows and a GPS waypoint taken using a Garmin e-trek. Approximately 30
lizards were marked at each site. Lizards were caught using the fishing rod and mealworm
lure technique as per Milne (2000). Between September 2020 and March 2021, 32 adult
lizards were caught at each site and transported in cloth catch bags inside lidded boxes,
one bag and box per individual and transported to Flinders University Animal House
where they were quarantined prior to release. Lizards were given a unique toe-clip ID

(Figure S1.1.2) and SVL (snout to vent length) (mm) and mass (g) taken on arrival and on

Biology 2025, 14, 622

https://doi.org/10.3390/biology 14060622



Biology 2025, 14, 622

20f17

departure from the animal house. This project was carried out in accordance with State

Government permit G25011, ethics approval E453-17 and Department of Environment and
Water ‘Take from the wild’ permit 20210331.

FL2 FR
FL1 e
a0 Rl 200
FL3 30 | ) 50 100, . 300
Fl4 20 < B 1
o J- - T 400 Fr4
10 2 /" soo
FLS ::.
BL2 BLL BRl:
i aN 1000 5550
BL3 3 <™ 7> 3000 BR3
BLA 2T I { .7 4000 BRa
1 | ! s000
B H B

Figure S1.1.2 Schematic for toe-clip numbers used to identify individual lizards

Release at Tarlee

On 21+t October 2020 and 16 April 2021 pygmy bluetongue lizards were released into
the Tarlee translocation enclosures. One lizard was released per cluster of three artificial
burrows with a soft release enclosure around the cluster (Figure S1.1.3). Lineages were
released into separate enclosures, Jamestown lizards into enclosures 3 and 4, Burra lineage
lizards into enclosures 5 and 6, and Kapunda lizards into enclosures 7 and 10 (Figure
S1.1.4). Each lizard was fed two mealworms on the day of release. Three days after release
the soft release enclosures were removed and lizards were fed two mealworms as per

(Ebrahimi & Bull 2012, 2013). Lizards were left to settle for two weeks before behavioural
monitoring began.
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Figure S1.1.3 Soft release enclosures at the translocation site at Tarlee.
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Figure 51.1.4 Overview of translocation enclosures at Tarlee showing the location of the

Jamestown, Kapunda and Burra lineage translocated individuals
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S51.2: Behaviour

Table S1.2.1 Ethogram of behaviours scored in the approach distance assay of pygmy bluetongue

(Tiliqua adelaidensis) lizards from four sites, northern, mid, southern and translocation, and

definitions.
Behaviour Description
Lizard can be seen in their burrow: ‘Head Only’ or ‘Head and
Basking Forelimbs’ (Milne et al. 2003). Head forelimbs and torso was also
scored.
Emerge Head, forelimbs and hind limbs out (Milne et al. 2003).
Other Any notable behaviour not listed above.

S1.3: Environmental data collection

Soil surface

Plastic marker peg

A

Thermodata loggers

suspended in snapfit
housings above and

inside PCV tube

PVC tube with

breathe holes made to

the same dimensions

as a wooden artificial burrow

10cm
center
to
center

40cm

Figure S1.3.1 positions of ibutton data loggers (maxim integrated n.d.) inside an artificial burrow

made from PVC tube 250 mm diameter and perforated to allow transfer of heat and moisture from

the substrate to the dataloggers as per a natural or timber burrow. Four loggers were deployed per

artificial burrow, at the base, the middle, the top, and above ground for ambient temperature, three

replicates per site for all sites.
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Supplementary S2

Table S2.1: Summary statistics of pygmy bluetongue (Tiliqua adelaidensis) approach distance
behavioural assay from the 2022 to 2023 active season.

Variable N Mean Std. Dev. Min Pctl. 25 Pctl. 75 Max
vs_sites 3133

... Burra 581 19%
... Jamestown 584 19%
... Kapunda 179 6%
... Tarlee 1789 57%
vs_lineages 3133

... Burra 1164 37%
... Jamestown 1221 39%
... Kapunda 748 24%
vn_retreat_metres 705 2 1.1 0.19 1.2 2.5 8
vl_actives 3133

...No 2428 77%
... Yes 705 23%
vl_translocated 3133

... No 1344 43%
... Yes 1789 57%
tstat 3133

... Wild 1344 43%
... Translocated 1789 57%
lineage 3133

... Mid 1164 37%
... Northern 1221 39%
... Southern 748 24%
vs_burrows_f 3116

Table S2.2 PCA axes and relative importance for environmental variables taken at all sites

(Jamestown, Kapunda, Burra, Tarlee) over the October to December 2022 activity season

PC1l PC2 PC3
Standard deviation 2.2392 1.0488 1.0281
Proportion of variance 0.6267 0.1375 0.1321
Cumulative Proportion 0.6267 0.7642 0.8963

Table S2.3 Results of generalized additive mixed model of wild pygmy bluetongue lizard (Tiligua
adelaidensis) approach distance (log m) by lineage (northern, mid and southern), and PC1, PC2 and
PC3

Parametric coefficients:

Estimate std. Error t value Pr(>|t]|)
(Intercept) 0.6932 0.3254 2.130 0.0346 *
TineageMid 0.1689 0.3891 0.434 0.6649
TineageSouthern 1.3176 2.7312 0.482 0.6301
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Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 “.” 0.1 “ " 1

Approximate significance of smooth terms:

edf Ref.df F p-value
s(PCl):TineageNorthern 4.769 5.672 2.792 0.01770 *
s(PCl):TineageMid 3.673 4.334 0.791 0.57854
s(PCl):TineageSouthern 1.723 2.056 0.210 0.82220
s(PC2):TineageNorthern 3.663 4.253 3.306 0.01005 *
s(PC2):Tineagemid 2.842 3.221 1.066 0.36722
s(PC2):TineageSouthern 2.356 2.823 1.394 0.34236
s(PC3):TineageNorthern 2.842 3.311 4.051 0.01361 *
s(PC3):TineageMid 3.847 4.375 0.971 0.33758
s(PC3):TineageSouthern 1.835 2.106 0.246 0.83131
s(vs_burrows_f) 13.064 30.000 0.879 0.00407 *=*
Signif. codes: 0 ‘***’ (0.001 ‘**’ 0.01 ‘*’ 0.05 “.” 0.1 * " 1

R-sqg.(adj) = 0.295 Deviance explained = 43.8%
-REML = 168.72 Scale est. = 0.19867 n = 210

Table S2.4 Results of generalized additive mixed model of translocated pygmy bluetongue lizard
(Tiliqua adelaidensis) approach distance (log m) by lineage (northern, mid and southern), and PC1,
PC2 and PC3

Parametric coefficients:
Estimate Sstd. Error t value Pr(>|t])

(Intercept) 0.7772 0.1791 4.339 2.43e-05 #*=*
Tineagemid -0.0387 0.2035 -0.190 0.849
TineageSouthern -0.2075 0.1949 -1.065 0.288

Signif. codes: 0 ‘***’ 0,001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 * 1

Approximate significance of smooth terms:

edf Ref.df F p-value
s(PCl):TineageNorthern 1.000 1.000 0.003 0.9570
s(PCl):Tineagemid 1.614 1.887 0.473 0.5439
s(PCl):TineageSouthern 1.000 1.000 0.112 0.7385
s(PC2):TineageNorthern 2.537 3.112 1.107 0.3241
s(PC2):TineageMid 1.000 1.000 0.136 0.7127
s(PC2):TineageSouthern 1.000 1.000 1.354 0.2462
s(PC3):TineageNorthern 4.252 4.973 2.858 0.0241 *
s(PC3):TineageMid 3.176 3.579 1.196 0.2697
s(PC3):TineageSouthern 5.713 6.685 0.538 0.7969
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s(vs_burrows_f) 6.423 74.000 0.110 0.1388
Signif. codes: 0 ‘***’ (0.001 ‘**’ 0.01 ‘*’ 0.05 “.” 0.1 * " 1
R-sqg.(adj) = 0.169 Deviance explained = 29.1%
GCV = 0.31687 scale est. = 0.26893 n = 203
s(PC1) by lineage s(PC1) by lineage
Comparison: Mid —Southern Comparison: Northern— Mid
10- *
o 5- o 2
[ 0O
5 2-
75 50 25 0 25 75 50 25 0 2

PC1 PC1

s(PC1) by lineage
Comparison: Northern — Southern

Difference
o o

in
\

-75 -60 -25 0 25
PC1

Figure S2.1: Pairwise comparisons of differences between smooth curves for PC1 by lineage for wild
lizards in the north, mid and south of the current pygmy bluetongue (Tiliqua adelaidensis) range.

Curve sections with significant difference do not overlap with zero.
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Difference
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Figure S2.2: Pairwise comparisons of differences between smooth curves for PC3 by lineage for wild

lizards in the north, mid and south of the current pygmy bluetongue (Tiliqua adelaidensis) range.

Curve sections with significant difference do not overlap with zero.

Difference

Difference

Difference
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Figure 52.3: Pairwise comparisons of differences between smooth curves for PC3 by lineage for

translocated lizards in the north, mid and south of the current pygmy bluetongue (Tiliqua

adelaidensis) range. Curve sections with significant difference do not overlap with zero.
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Figure S2.4: Model predicted approach distance (log, m) and raw data points for northern
(Jamestown), mid (Burra), and southern (Kapunda) lineages of pygmy bluetongue lizard (Tiliqua
adelaidensis) in the wild for PC2 (decreasing ambient temperature and increasing mid and base of
burrow temperature and ambient relative humidity as PC2 values increase) and lineage. Lines

depict model predictions, coloured bands depict 95% C.I and points depict the raw data.
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Figure S2.5: Model predicted approach distance (log, m) and raw data points for northern
(Jamestown), mid (Burra), and southern (Kapunda) lineages of pygmy bluetongue lizard (Tiliqua

adelaidensis) in the wild for PC3 (increasing burrow relative humidity as PC3 values increase) and
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lineage. Lines depict model predictions, coloured bands depict 95% C.I and points depict the raw
data.

Table S2.5: Number of unique burrows observed at each site for each lineage of pygmy

bluetongue (Tiliqua adelaidensis) lizards.

Number of unique

Site Lineage
g burrows observed

Burra Burra 68

Jamestown Jamestown 68

Kapunda Kapunda 40
Tarlee Burra 107
Tarlee Jamestown 115
Tarlee Kapunda 101
Supplementary S3

Table S3.1: Bureau of meteorology rainfall records (mm) for the months of October, November and
December 2022 for the four sites, Jamestown (northern), Burra (mid-range), Kapunda (southern)

and Tarlee (translocation).

Site Oct-22 Nov-22 Dec-22 Total (mm)
Tarlee 122.2 115.4 16.2 253.8
Kapunda 144.3 135.2 16.8 296.3
Burra 140 137.6 20 297.6
Jamestown 93.4 131.8 6 231.2

Table S3.2: Temperature (°C) and relative humidity (%) 2022 to 2023 season means and standard
deviations for the four sites; Jamestown (northern), Burra (mid-range), Kapunda (southern) and

Tarlee (translocation), in the base of the burrow (base) and 10 mm above the surface (ambient).

Position Site Temperature SD Humidity SD
(=) (%)
Base Tarlee 22.96 5.26 89.53 20.0
Kapunda 18.79 2.48 59.04 4.40
Burra 21.59 4.93 89.19 13.0

Jamestown 20.9 4.08 94.97 11.14
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Ambient Tarlee
Kapunda
Burra

Jamestown

22.56
18.44
19.92
21.6

12.27
11.36
10.37
14.0

64.09
79.25
61.27
68.62

31.25
32.3

32.68
35.97

Table 53.3: Mean rainfall (mm) calculated from Bureau of Meteorology rainfall data for 2011 to 2025

for the months of October, November and December for the four sites; Jamestown (northern), Burra

(mid-range), Kapunda (southern) and Tarlee (translocation). Spring quarter is calculated from the

mean rainfall (mm) of October, November and December 2011 to 2025.

October November  December  Spring quarter Annual
Burra 35.90 42.40 23.30 101.60 376.80
Jamestown 37.19 48.06 31.07 116.32 493.76
Kapunda 38.29 38.84 21.15 98.27 458.79
Tarlee 30.00 33.43 22.63 86.06 445.79
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Figure S3.1: Correlation matrix for data logger positions inside burrows separated by sites using
seasonal means, where MeanTopT = Mean top temperature, MeanTopH = Mean top humidity,
MeanBaseT = Mean base temperature, MeanBaseH = Mean base humidity, for the four sites:

Jamestown (northern), Burra (mid-range), Kapunda (southern) and Tarlee (translocation).
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