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 1. INTRODUCTION 
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2. METHODS 

2.1 Bio-monitoring in Temporary Waters 
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Figure 1.  Location of sampling sites in Jones Creek and the south-west claypan area. 
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Table 1.  Co-ordinates of sampling sites along Jones Creek and the southwest claypan 

Location Site No. BACI Code Latitude 
WGS84 

Longitude 
WGS84 

Northern tributary, most u/s site 1     BA C 27º25'02" S 120º35'21" E  
Northern tributary 2     B* C 27º25'30" S 120º34'54" E 
Northern tributary, near Six-Mile Well 3     B* C 27º25'52" S 120º34'43" E 
Northern tributary 4     BA I 27º26'58" S 120º34'05" E 
Main channel at Old Hwy 5     BA I 27º27'59" S 120º33'35" E 
Main channel at telegraph line 
crossing, west of Goldfields Hwy 

6     BA I 27º29'39" S 
 

120º30'42" E 
 

Northernmost of SW Claypans (NE of 
Yakabinda Well) 

7     BA I 
27º31'52" S 120º26'57" E 

Northernmost of SW Claypans Depth gauge     BA I 27º31'53" S 120º26'53" E 
Eastern tributary, near confluence with 
main channel 

8     BA I 27º27'53" S 
 

120º33'48" E 
 

Codes: * Site situated in area of future mine pit and to be replaced by additional upstream control sites as pit expands. 
B = site surveyed before commencement of mining; A = site to be re-surveyed after commencement of mining; C 
= control/reference site; I = exposed site (potentially impacted by mining). 
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2.3 Riparian Condition 
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2.4 Physico-chemistry 
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Table 2.  Physico-chemical parameters measured at each site. 

Parameter Code Units 
Water depth Depth cm 
Wetted width Width m 
Dissolved oxygen DO % % saturation  
Dissolved oxygen DO mg/L mg/L 
Electrical Conductivity ECond KS/cm 
pH pH pH units 
Water Temperature Temp oC 
Colour Colour TCU (True Colour Units) 
Turbidity Turb NTU (Nepholemetric Turbidity Units) 
Water clarity Secchi cm 
Sodium Na mg/L 
Calcium Ca mg/L 
Potassium K mg/L 
Magnesium Mg mg/L 
Chloride Cl mg/L 
Carbonate HCO3 mg/L 
Sulphate SO4 mg/L 
Arsenic As mg/L 
Cadmium Cd mg/L 
Chromium (unfiltered – as tota) Cr mg/L 
Copper Cu mg/L 
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Parameter Code Units 
Lead Pb mg/L 
Nickel Ni mg/L 
Mercury Hg mg/L 
Selenium Se mg/L 
Zinc Zn mg/L 
Nitrate NO3 mg/L 
Total soluble nitrogen TN mg/L 
Soluble reactive phosphorus P-SR mg/L 
Total soluble phosphorus  TP mg/L 
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2.5 Aquatic Invertebrates 
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2.6 Fish Fauna 
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2.8 Data Analyses 
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Table 3.  Statistical outcomes in relation to detecting environmental impacts through a hypothesis-testing 
approach (after Fairweather 1991) 

 Prediction or conclusion of study 
Real state of nature IMPACT NONE 
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Figure 2.  Relationship between sample size, variance and ability to detect a significant difference (p < 
0.05 & ββββ = 0.95) for two hypothetical situations, where each data point represents a mean + 95% 
confidence intervals. Significant difference is not detectable between populations A and B because of 
high variance and low replication (n=3). Significant difference is detectable between populations C and D 
because replication has been increased (n=10). 
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3. RESULTS & DISCUSSION 

3.1 Catchment & Riparian Condition 
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Plate 1.  Site 1, uppermost site on main channel of Jones Creek: (left) mobile sand bed of the channel; 

(right) bank erosion above channel pools clearly visible in right foreground. May ’05. 

  
Plate 2.  Site 2, main channel of Jones Creek: (left) visible in mid-ground are the scoured roots of 

Eucalyptus camaldulensis growing within the channel; (right) typical isolated channel pools. May ’05. 
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Plate 3.  Site 3, main channel of Jones Creek, near Six Mile Well: (left) view upstream along the channel 
with fringing eucalypts and mulga; (right) one of the larger, deeper channel pools. May ’05. 

  
Plate 4.  Site 4, main channel of Jones Creek: (left) broad, open channel with isolated pools; (right) close-

up of pool habitat. May ’05. 

  
Plate 5.  Site 5, main channel of Jones Creek at Old Highway crossing: (left) view upstream along 
relatively large water body with fringing Eucalyptus camaldulensis; (right) view downstream from 

causeway. May ’05. 
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Plate 6.  Immediately upstream of Goldfields Highway road bridge.  Highly mobile sand substrates and 
periodic high energy flows have formed sand waves within the main channel of Jones Creek. May ’05. 

  
Plate 7.  Site 6, main channel of Jones Creek, west of Goldfields Highway: (left) typical shallow channel 

pools; (right) eroded and terraced banks with exposed coffee rock. May ’05. 

  
Plate 8.  Jones Creek near northernmost of the 

south-west claypans; July ’05 (photo K. Shugg). 
Plate 9.  Northernmost of the south-west claypans; 

July ’05 (photo K. Shugg). 
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Plate 10.  Near depth-marker in northernmost of the 

south-west claypans; July ’05 (photo K. Shugg). 
Plate 11.  Mobile sand dune/wave within the 

channel of the eastern tributary, immediately 
upstream from Site 8. May ’05. 

  
Plate 12.  Site 8, eastern tributary of Jones Creek, just upstream from the confluence with the main 

channel: (left) typical isolated channel pool formed in sandy bed substrates; (right) mulga growing within 
the channel. May ’05. 
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Plate 13.  In-channel vegetation of Jones 
Creek: (a) bryophyte and moss layer 
characteristic of most sites; (b) the aquatic 
fern Nardoo Marsilea sp. at Site 3; (c) 
emergent macrophyte Juncus sp. at Site 3. 
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Table 4.  Classification of lake trophic status based on ranges in nutrient concentration (Wetzel 1983). 

Category Total P & Ortho P Total N Inorganic N 
 (mg/L) (mg/L) (mg/L) 

Ultra-oligotrophic 0 – 0.005 0 – 0.25 0 – 0.20 
Oligo-mesotrophic 0.005 – 0.01 0.25 – 0.60 0.20 – 0.40 
Meso-eutrophic 0.01 – 0.03 0.30 – 1.10 0.30 – 0.65 
Eutrophic 0.03 – 0.1 0.50 – 1.50 0.50 – 1.50 
Hyper-eutrophic > 0.1 > 1.50 > 1.50 

 
Table 5.  Mean annual total phosphorus levels (mg/L) for each trophic category under the OECD (1982) 

and CEPIS (Salas & Martino, 1991) classifications (means and range over 2 standard deviations). 

  Category  
 Oligotrophic Mesotrophic Eutrophic 

OECD 0.008 0.0267 0.084 
(+ 2 SD) (0.003 – 0.022) (0.008 – 0.091) (0.017 – 0.424) 
    
CEPIS 0.021 0.0396 0.1187 
(+ 2 SD) (0.010 – 0.045) (0.021 – 0.074) (0.028 – 0.508) 

�
�
3�	
� ��
��� ������
��
���	� ��� 
��� ��
��� ���-��� ����� :����� ��I�66J�@36��I� $+!!!�&�
�-�
�����	� ��
�� 
��� �*��9
���� ��� ������-��� ��99���� ���������
�4���1� � 7�
��� ������-�� ��� 
���
��
��	����
�������9���$!1!�'���J?&���	��-�������
���
����
����-�
������������$!1!!����J?&�����
6��$H>&1��7�	
	�$���1�5�7	&�	��-�
�:��9�������
�
��
�
���������������
�
���6�������	�������
���
����
�������������	����
��������
�*���6��$H>&���
�
���:��������:���
�����
��	����
��	1��6�����	�
�	�+���
�
 ���
�
�
���6�������	����!1!!+�L�!1!!.���J?���
�������
����	�
�	�P!1!!+���J?�����������
�	��-�
�
:����
�
�
��
�
�
��
��������
	�����������!1!!+���J?1��6�99���������
��
���	������
������!1!!.�
L�!1!!'���J?���
������������:����
����-�
���������������!1!!�"���J?1� �3�*��-�������	������
�����
�
��
�
�����
������������		�������<���	�6�����$,�
��(&���
����
�������9���$,�
��'&1���������
��	���	��	����
��������
�
��������9�����
��	����
����������
��
�����D-���
��
����-�
���������������



Jones Creek Baseline Aquatic Biology & Water Quality Study 

__________ Wetland Research & Management __________ 33 

!1!��� ��J?1� � >�� <���	� 6������ �����	
� ��� ������
��
���	� ����� ��	�� �����
�
� �
� ,�
�� (� $!1!!%�
��J?&1�������
�
�4����������
��
���	����!1!�%�L�!1�+���J?�$�!�
����-�
���������������!1!!%���J?&�
����� �����
�
��
�����	�
�	�� �*��9
�������,�
�	�.���
�"1� �?������99������*��-��4���������	������
�����
�
��
�,�
��(1��7��-���:������-�
����������
	�$!1!!."���J?&�����
�������
��
���	��������	��
�����	
��
�,�
��(�$!1!!+���J?&���
�
�������9���$!1!!����J?&1�
�
,23�$+!!(&���-�
�������
��
���	����6��=�����������	�������
�
����	�
����
	����
�����������
����
9��
��-���� 
��� 	�-
�/��	
� ����9��	1� ������� 
��	����
��������	� 	��-�
� :�� 
���
�
��	� :������-�
�
�����	����F���������G������	������	
�������
�����9���������-
-����������9��
	��
����*
��
�
��������
�����
�
���
��	�������
�9�	
���
���9�������
�	
-�:������	���
������1��7�������
����������������	����
6���6-���
���� �������9�����
��	���
J���	�
����
	�������
���
����
��
���������
��	����
��	�
��
���-�-��
��������������
�����������
�����
��	�$9��(1�&��
�,�
��(�������
���
��������
���9�
��
����
������:���4�
�������	������
��	������:�
�	�
����
	1��8�/����������
�������������
���
���������
9���	�
�9���������
��	�	�
�1�
�
��������

�������������������������%�
��

7��-���9��	���/�����	
��������
�:�
�������
���
-���	�
�	�� 
�������������	���������
�
���������	�
$��8H�;�
��R����)�R�!1!!.�.��9�R�!1�(!&�:�
��������
����$,�
�	����+�=�.&���
��*9�	�
�	�
�	�
$,�
�	�"��(�� �=�%&������������
������	-��
�����������
��������:��	1��7���������	�
�	�	����
�
��	�
���
���	� 	��-�
� 	����� �	� ���
� 9��/����� ���������� 	�
�	� �����	
� ������ 
�� ���9���� ���� �-
-���
������	������
���D-���
�����
�����������������������
1��,�
�	�+���
�.�����������������
�:��-	�
��	�
����/
�������
���	��	�
����������
����
������
9���
����
������:�
��$������,��
����+1+1�&1�
�
�6����
���
���	����9��	���/���������9�����
��	�	����
���������	�9���
�������
�������9��������

���<���	�6�����	�
�	�$)��-���.&�����6�����9����
���$�6�&1���6����
��6+�����-�
�
�����'!M�
���
���
�
���	��9������������$"'M���
�+.M���	9��
�����&1� �������
��	����
��:-
������	
� 
�� 
���
�������������6�������
-�:�
�
���6��������
�
��	���		����
�
���
�����9�	�
���������B������	�$�����
���
-�
���
���6�+N��3�+N�=��68.

/&1��3�B������
��:-
���������:��	�����6+������9�����N��6-���:�
��
�I�1��,����
����������,@����	�����
��:-
�
�
��
���	�9���
�������
�������9�������������
����	�
�	1��
����������
����-
���������9���	�
����	����

�
������
��������	�	��
�������	����������	�9���
����
������
����������*9�	�
�	�
�	�$)��-���.&1��7����6��9��
���������
�
�	������	�9���
�������,�
��(�
����������
����������	�
�	�$)��-���.&1���
�

 (a) Total phys-chem data (b) Jones Creek phys-chem data only 

P
C

2 

-10 -8 -6 -4 -2 0 2 4
-4

-2

0

2

4

6

1 23

4

5

6
7

8

 -5 -4 -3 -2 -1 0 1 2 3 4 5
-5

-4

-3

-2

-1

0

1

2

3

4

1

2

3

4

5

6

8

 
PC1 

Figure 3.  Two dimensional PCA ordination plots of physico-chemical variables for (a) total samples and 
for (b) creek samples only. Codes: �exposed sites;  control sites. 
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3.3 Aquatic Invertebrate Fauna 
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Table 6.  Summary of invertebrate fauna recorded from Jones Creek and the claypan during May 2005. 

Micro-invertebrates No. of 
‘species’ 

 Macroinvertebrates No. of 
‘species’ 

Protista (protozoans) 12  Turbellaria (flat worms) 1 
Rotifera 41  Oligochaeta (aquatic worms) 1+ 
Copepoda 8  Mollusca (Gastropoda, ?Isidorella sp.) 1 
Cladocera (water fleas) 
Ostracoda (seed shrimps) 

4 
5 

 Macro-crustacea 
(clam shrimps, shield shrimps, fairy shrimps) 

5 

   Diptera (two-winged flies) 27+ 
   Lepidoptera (moths) 1 
   Anisoptera (dragonflies) 1 
   Ephemeroptera (mayfly, Cloeon sp.) 1 
   Hemiptera (true bugs) 3 
   Coleoptera (aquatic beetles) 13 

Total number of ‘species’ 70  Total number of ‘species’ 54 
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Plate 14.  (a) Shield shrimp Triops australiensis 
australiensis and (b) fairy shrimp Branchinella 
occidentalis collected from the claypan, May 2005. 
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Figure 4.  Richness of aquatic invertebrate fauna in Jones Creek and the claypan (Site 7). 

�
�
Table 7.  Summary of one-way ANOVAs on between-control/exposed sites in invertebrate species 
richness for data collected from Jones Creek in May 2005.  Tukey’s HSD multiple comparison test was 
used to locate between-level differences for significant main effects (ns = not significantly different at p 
< 0.05 and effects are in descending order, with mean values in parentheses. 

Effect df F-value p-value Tukeys HSD Range test 
Total Fauna 1,4 2.954 ns Exposed (59) = Control (51) 
Permanent Resident Fauna 1,4 0.852 ns Exposed (36) = Control (32.3) 
Temporary Resident Fauna 1,4 10.56 0.0314 Exposed (23) > Control (18.7) 
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Table 8.  Mean percentage similarity of invertebrate fauna between creek sites 

 Presence/absence data Abundance data 
Temporary resident fauna 58 56 
Permanent resident fauna 72 70 
Total fauna 67 64 

�
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Table 9.  Mean percentage similarity of permanent fauna within control and exposed groups. 

 Control 
Sites 1, 2 & 3 

Exposed 
Sites 4, 5, 6 & 8 

Exposed 
Sites 4, 5 & 6 

Exposed 
Sites 5, 6 & 8 

Permanent resident fauna 71 71 72 69 
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Table 10.  Mean percentage similarity of invertebrate fauna between creek sites 

 Presence/absence data Abundance data 
Temporary resident fauna 58 56 
Permanent resident fauna 72 70 
Total fauna 67 64 

 
 

Table 11.  Mean percentage similarity of permanent fauna within control and exposed groups. 

 Control 
Sites 1, 2 & 3 

Exposed 
Sites 4, 5, 6 & 8 

Exposed 
Sites 4, 5 & 6 

Exposed 
Sites 5, 6 & 8 

Permanent resident fauna 71 71 72 69 

�
�



Jones Creek Baseline Aquatic Biology & Water Quality Study 

__________ Wetland Research & Management __________ 39 

 
(a) Presence/absence data 

1
2

3

4

5

6

8

Stress: 0.07

 

(b) Abundance data 

1

2

3
4

5

6

8

Stress: 0.07

 
(c) p/a data - chromium 

1

2

3

4

5

6

8

Stress: 0.07

(d) abundance data - zinc 

1

2

3
4

5

6

8

Stress: 0.07

 
(e) p/a data - nickel 
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(g) p/a data – total nitrogen 
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Figure 5.  Two-dimensional MDS ordination of a) presence/absence data (stress 0.07) and b) abundance data 

(stress 0.07) for permanent invertebrate fauna from Jones Creek sampling sites with examples of likely 
influencing physico-chemical variables superimposed as ‘bubbles’ (c - h). 

Codes for plots (a) and (b): �exposed sites;  control sites.�
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3.4 Aquatic Vertebrate Fauna 
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(a) 

 
Plate 15.  Adult burrowing frogs Cyclorana 
platycephalus, (a) from sites 4 and (b) from site 6 
on Jones Creek, May 2005. 

(b) 
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3.5 Power Analysis to Determine Ability of Sampling Design to Detect Changes 
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Table 12.  Summary of power analysis on May 2005 Jones Creek invertebrate fauna data to determine 
level of replication required to detect specific effects sizes (% reductions) in species richness for total 
fauna, permanent fauna and temporary resident fauna between upstream control and downstream 
exposed sites.  

Element obs mean 10% effect 
size 

20% effect 
size 

30% effect 
size 

40% effect 
size 

50% effect 
size 

Total fauna 51.0 18 6 3 2 2 
Permanent fauna 32.3 34 8 5 3 3 
Temporary fauna 18.7 13 5 3 3 2 

�

Table 13.  Summary of power analysis on May 2005 Jones Creek fauna data to determine level of 
replication required to detect specific effects sizes (% reductions) in species richness for total fauna, 
permanent fauna and temporary fauna at downstream exposed sites over time/sampling events.  

Element obs mean 10% effect 
size 

20% effect 
size 

30% effect 
size 

40% effect 
size 

50% effect 
size 

Total fauna 59 7 3 3 2 2 
Permanent fauna 36 16 6 3 3 2 
Temporary fauna 23 10 4 3 3 2 
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4. CONCLUSIONS 

4.1 Catchment Condition and Riparian Vegetation 
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4.2 Water Quality and Metals 
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5. RECOMMENDATIONS 

5.1 Channel Diversion 
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Appendix 1.  Summary of riparian condition and physico-chemical and data from each site. 

GPS (WGS84) Site 
No. 

Date Weather Condition 

south east 

Site Description Riparian Condition 

1 
 
 
 
 
 

20/05/2005 
 
 
 
 
 

50% cloud cover, blue skies. 
 
 
 
 
 

27º25'02" 
 
 
 
 
 

120º35'21" 
 
 
 
 
 

Jones Creek Northern Tributary. Most upstream control site. Fairly confined channel 
approx. 12 m wide x 2 m deep; main pool 40 x 4 x 0.25m; flood debris > bankfull; 
some bank erosion; coarse sand/gravel bed - mobile sand waves approx. 30 cm high; 
pools along edges and around tree roots; numerous smaller pools; waters tannin 
stained - with leaf packs; lots of anostracans, conchostracans & tadpoles. 
 

Fair-poor; degraded 

2 
 
 
 
 
 
 

18/05/2005 
 
 
 
 
 
 

High broken cloud. 
 
 
 
 
 
 

27º25'30" 
 
 
 
 
 
 

120º34'54" 
 
 
 
 
 
 

Jones Creek Northern Tributary. Within future pit area and just inside western 
boundary of Wanjarri NR. Tributary (anabranch??) from south-east series of smaller 
15 x 3 x 0.3m over 200m of creek; channel confined, 2m high banks x 12m wide; flow 
debris indicates velocity of 30 m3/sec @ 1 m/sec or 45 m3/sec @ 1.5 m/sec; 
sand/gravel/pebble bed; banks to 50 cm; water tannin stained from leaves, otherwise 
clear. Extensive bank slumping & down-cutting. 
 

Poor; extremely 
degraded 

3 
 
 
 

18/05/2005 
 
 
 

High broken cloud. 
 
 
 

27º25'52" 
 
 
 

120º34'43" 
 
 
 

Jones Creek Northern Tributary. Within future pit area. 100 m upstream of Six Mile 
Well pit crossing; series of smaller pools continue several hundred metres upstream 30 
x 8 x 40m; deepest ~1.5m; coarse sand and gravel substrate, mobile bed; tannin 
stained. 

Fair-poor; degraded 

4 
 
 
 
 

19/05/2005 
 
 
 
 

100% cloud cover, light rain. 
 
 
 
 

27º26'58" 
 
 
 
 

120º34'05" 
 
 
 
 

Jones Creek Northern Tributary. Numerous small - medium pools, generally 
interspersed amongst sand/gravel bars; coarse to medium, sand and gravel/pebbles; 
main pool 50 x 8 x 0.4 m; lot of erosion along banks, mobile sand, braided channel; lot 
of tadpoles; single adult Cyclorana platycephalus observed. 
 

Fair-poor; degraded 

5 
 
 
 
 

18/05/2005 
 
 
 
 

High broken cloud. Easterly 
breeze, wave action may 
aerate water. 
 
 

27º27'59" 
 
 
 
 

120º33'35" 
 
 
 
 

Jones Creek main channel at Old Hwy Crossing. Main pool ~200 x 15 x 0.75m; 
numerous small, shallow pools along bank edge; coarse sand and gravel substrates, 
mobile unconsolidated bed, sand waves to around 30 cm deep; braided channel 
downstream; lot of tadpoles; adult odonates observed. 
 

Fair-poor; degraded 

6 
 
 
 
 
 
 

19/05/2005 
 
 
 
 
 
 

100% cloud cover. 
 
 
 
 
 
 

27º29'39" 
 
 
 
 
 
 

120º30'42" 
 
 
 
 
 
 

Jones Creek main channel west of Goldfields Hwy. Creek crossing under powerline; 
banks badly eroded down to coffee rock - terracing; sediment finer than upstream, 
some pebbles but mostly silt and finer sands, unconsolidated – ‘quick sand’; coffee 
rock exposed in terraces; small and large pools 200 x 10 x 0.3 m; smaller pools along 
bank edge or around tree roots (scour points); adult Cyclorana platycephalus 
observed. 
 

Poor, extremely 
degraded 

7 
 
 
 
 

19/05/2005 
 
 
 
 

100% cloud cover, light rain. 
 
 
 
 

27º31'52" 
 
 
 
 

120º26'57" 
 
 
 
 

Northern-most of the SW Claypans, west of Goldfields Hwy. Very large, irregular 
claypan, flooded into fringing vegetaion; water very turbid with fine suspended clay; 
water level receded approx. 30 cm from full level (clay water mark on vegetation); 
depth gauge installed in 1.36 m depth of water. 
 

Fair-poor; degraded 

8 
 
 

20/05/2005 
 
 

50% cloud cover, blue skies. 
 
 

27º27'53" 
 
 

120º33'48" 
 
 

Jones Creek Eastern Tributary.  one main pool (30 x 8 x 0.3) and smaller pools up and 
downstream; channel very eroded; coffee rock exposed in terraces. 
 

Poor, extremely 
degraded 
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Appendix 1. (cont.) 
General water quality parameters and nutrient concentrations 

Site No. Date Time Secchi Turbid Temp DO DO pH NO3 TN P-SR TP Max. depth 
  (hrs) (m) (NTU) (ºC) (%) (mg/L)  (mg/L) (mg/L) (mg/L) (mg/L) (m) 

1 20/05/2005 1300 > depth 1.5 19.2 88 7.5 6.60 0.42 0.97 <0.01 0.06 0.25 
2 18/05/2005 1500 > depth 0.9 21.8 105 8.5 6.28 0.40 0.56 <0.01 0.03 0.3 
3 18/05/2005 1200 > depth 3.9 22.3 104 8.1 6.20 0.76 1.30 <0.01 0.02 1.5 
4 19/05/2005 1550 > depth 1.9 20.4 114 9.5 6.74 0.13 0.46 <0.01 0.02 0.4 
5 18/05/2005 0900 > depth 3.5 19.4 97 8.5 5.12 0.75 1.10 <0.01 0.03 1.5 
6 19/05/2005 1300 > depth 4.2 20.3 106 8.9 6.57 1.90 2.40 <0.01 0.02 0.3 
7 19/05/2005 0900 0.06 320 19.6 74 6.5 6.49 0.25 0.94   0.01 0.05 1.36 at gauge 
8 20/05/2005 0900 > depth 3.3 18.5 114 9.9 6.83 0.06 0.52 <0.01 0.02 0.3 
              

Electrical conductivity and composition of major ions 

Site No. Date Time Cond. Ca Na K Mg HCO3 Cl SO4    
  (hrs) (�S/cm) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)    

1 20/05/2005 1300 123.9  7.5  8.8 3.6 3.3 37 17 4.9    
2 18/05/2005 1500 132.1 10.8  7.1 3.7 4.0 49 12 3.7    
3 18/05/2005 1200 114.8  8.4  6.3 3.8 3.1 34 12 3.8    
4 19/05/2005 1550  94.3  6.5  5.7 3.0 2.6 34 11 3.9    
5 18/05/2005 0900 101.5  6.3 12.2 3.2 2.8 31 11 4.6    
6 19/05/2005 1300 121.9  9.4  6.5 3.6 3.6 37 10 4.3    
7 19/05/2005 0900  52.0  1.7  3.5 6.2 1.0 15 <5 0.7    
8 20/05/2005 0900  79.7  4.3  5.0 4.1 2.7 34   8 2.0    

              
Metal concentrations 
Site No. Date Time As Cd Cr (total) Cu Hg Ni Pb Se Zn   

  (hrs) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)   
1 20/05/2005 1300 <0.001 <0.0001 <0.002 0.003 Not analysed 0.003   0.0001 <0.001 0.029   
2 18/05/2005 1500 <0.001 <0.0001   0.003 0.003 <0.0005 0.003   0.0001 <0.001 0.033   
3 18/05/2005 1200 <0.001 <0.0001 <0.002 0.003 <0.0005 0.004   0.0002 <0.001 0.005   
4 19/05/2005 1550 <0.001 <0.0001 <0.002 0.003 <0.0005 0.003 <0.0001 <0.001 0.007   
5 18/05/2005 0900 <0.001 <0.0001 <0.002 0.007 <0.0005 0.008   0.0020 <0.001 0.120   
6 19/05/2005 1300 <0.001 <0.0001   0.002 0.003 <0.0005 0.004   0.0001 <0.001 0.034   
7 19/05/2005 0900   0.001 <0.0001   0.017 0.005 <0.0005 0.010   0.0010 <0.001 0.018   
8 20/05/2005 0900 <0.001 <0.0001 <0.002 0.004 <0.0005 0.004 <0.0001 <0.001 0.019   
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Appendix 2.  ANZECC/ARMCANZ (2002a) guideline levels for freshwaters. 

 
 

(a) General Water Quality Parameters 

NB: these trigger values are based on northern Qld, NT and regions north of Carnarvon in 
WA.  There was no data available for northern WA rivers and no data specific to goldfields 
region when these trigger values were formulated. 
 
 

Table A2-1.  Trigger values for nutrients, dissolved oxygen and pH applicable to north-west Western Australia 
(TP = total phosphorus; FRP = filterable reactive phosphorus; TN = total nitrogen; NOx = total nitrates/nitrites; 

NH4+ = ammonium).   

Ecosystem Type TP FRP TN NOx NH4+ DO % saturation2 pH 

 (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) Lower Upper Lower Upper 

Upland River1 0.01 0.005 0.15 0.03 0.006 90 120 6.0 7.5 

Lowland River1 0.01 0.004 0.2-0.3 0.01 0.01 85 120 6.0 8.0 

Lakes & Reservoirs 0.01 0.005 0.353 0.01 0.01 90 120 6.0 8.0 

Wetlands4 0.01-0.05 0.005-0.025 0.35-1.2 0.01 0.01 90 120 6.0 8.0 

Na = not applicable. 
1 All values during base river flow not storm events. 
2 Derived from daytime measurements; may vary diurnally and with depth; data loggers required to assess variability. 
3 Represents turbid lakes only. 
4 Higher nutrient values indicative of northern WA pools. 

 
 
 

Table A2-2.  Trigger values for conductivity and turbidity applicable to north-west Western Australia.   

Ecosystem Type Cond. (�S/cm) Explanatory notes 

Upland & lowland 
rivers 

20 - 250 Values will vary depending on geology. 
First flush after seasonal rain may result in temporarily high values. 

Lakes, reservoirs & 
wetlands 

90 - 900 Higher values will occur during summer when water levels are reduced due to 
evaporation. 
Values in WA wetlands may exceed 900 �S/cm. 

 Turbid. (NTU)  

Upland & lowland 
rivers 

2 - 15  

Lakes, reservoirs & 
wetlands 

2 - 200 Shallow lakes and reservoirs may have higher turbidity naturally due to wind-induced re-
suspension of sediments.  Lakes & reservoirs in catchments with highly dispersible soils 
will have high turbidity.  Wetlands vary greatly in turbidity depending on general 
catchment condition, recent flow events and water level in the wetland. 
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(b) Metals 
 

Table A2-3.  Trigger values for metals for the protection of aquatic ecosystems. Values for slightly to moderately 
disturbed systems are shaded grey. 

Trigger Value for Freshwater (mg/L) 

Level of protection (% species) 

Metal 

99 95 90 80 

Aluminium pH >6.5 0.027 0.055 0.080 0.150 

Aluminium pH <6.5 ID ID ID ID 

Arsenic (III)  0.001 0.024 0.094C 0.360C 

Arsenic (V)  0.0008 0.013 0.042 0.140C 

Cadmium  H 0.00006 0.0002 0.0004 0.0008 

Chromium (III) H ID ID ID ID 

Chromium (VI)  0.00001 0.001C 0.006 0.040 

Copper H 0.001 0.0014 0.0018C 0.0025C 

Lead  0.0010 0.0034 0.0056 0.0094C 

Mercury (inorganic) B 0.00006 0.0006 0.0019C 0.0054C 

Nickel  0.008 0.011 13 0.017 

Selenium  B 0.005 0.011 0.018 0.034 

Zinc H 0.0024 0.008C 0.015C 0.031C 
ID = indeterminate; 
B Metals for which bioaccumulation and secondary poisoning effects should be considered; 
C Level may not protect key test species from chronic toxicity; 
H Metals for which levels should be adjusted if water hardness (as CaCO3) >30mg/L - refer Tables A2-4 

and A2-5 below. 

 
 

Table A2-4.  Approximate factors to apply to trigger values (TV) in Table A2-3 for freshwaters of varying 
hardness.  If water hardness is away from the mid-range, it may be preferable to use the algorithm in Table A2-5. 

Hardness category Mid-Range 
Hardness 

Cd Cr(III) Cu Pb Ni Zn 

(mg CaCO3/L) (mg CaCO3/L)       

Soft (0-59) 30 TV TV TV TV TV TV 

Moderate (60-119) 90   x 2.7    x 2.5    x 2.5   x 4.0    x 2.5    x 2.5 

Hard (120-179) 150   x 4.2    x 3.7    x 3.9   x 7.6    x 3.9    x 3.9 

Very Hard (180-240) 210   x 5.7    x 4.9    x 5.2   x 11.8    x 5.2    x 5.2 

Extremely Hard (400) 400   x 10.0    x 8.4    x 9.0   x 26.7    x 9.0    x 9.0 

 
 
Table A2-5.  General hardness algorithms describing guideline values, where: HMTV = hardness modified trigger 

value; TV = trigger value; H = measured hardness of the water body. 

Metal Hardness-dependent algorithm 

Cd HMTV = TV (H/30)0.89 

Cr (III) HMTV = TV (H/30)0.82 
Cu HMTV = TV (H/30)0.85 
Pb HMTV = TV (H/30)1.27 
Ni HMTV = TV (H/30)0.85 
Zn HMTV = TV (H/30)0.85 
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Appendix 3.  Invertebrate taxa occurrences across sites. 

Occurrence of each taxon across the eight sites sampled in the Jones Creek catchment, 
indicating fauna likely to be permanent residents (P) and those likely to be temporary 
residents (T).  Abundances are log10 scale classes: 1 = 1 individual, 2 = 1- 10, 3 = 11 – 100, 4 
= 101 - 1000, 5 = >1000. 
 
TAXA  SITE 

  P/T 1 2 3 4 5 6 7 8 

PROTISTA           

CILIOPHORA           

  cf. Epistylis P 0 0 0 1 0 0 0 0 

RHIZOPODA           

ARCELLIDAE           

  Arcella cf. lobostoma  P 0 1 0 1 1 0 0 0 

  Arcella a P 2 2 2 2 1 2 0 1 

  Arcella b  P 1 1 2 1 1 2 0 1 

  Arcella c P 0 1 1 0 1 0 0 0 

CENTROPYXIDAE           

  Centropyxis P 0 0 0 0 1 0 0 0 

TRIPONOPYXIDAE           

  cf. Cyclopyxis  P 0 0 0 0 0 1 0 0 

DIFFLUGIIDAE           

  Difflugia cf. elegans  P 0 0 0 1 0 0 0 0 

  Difflugia gramen  P 0 0 0 0 1 0 0 0 

  Difflugia cf. manicata  P 0 0 0 1 0 0 0 0 

EUGLYPHIDAE           

  Euglypha P 0 0 0 1 0 0 0 0 

 indet. testate  P 0 0 0 0 0 0 1 0 

ROTIFERA           

BDELLOIDEA           

  indet. contr. 1 [8 main unci] P 0 0 0 1 0 0 0 0 

  indet. contr. 2 [2 main unci] P 1 1 1 2 2 2 1 1 

  indet. contr.3 [3 main unci] P 0 2 1 1 1 2 1 1 

MONOGONONTA           

ASPLANCHNIDAE           

  Asplanchna cf. brightwelli  P 0 0 0 0 0 0 0 1 

BRANCHIONIDAE           

  Anuraeopsis navicula  P 0 0 0 0 0 0 0 1 

  Keratella procurva  P 2 2 3 3 3 2 0 3 

  Brachionus cf. lyratus  P 0 0 1 0 0 0 0 0 

  Brachionus cf. leydigi  P 1 0 0 0 0 0 0 0 

  Brachionus quadridentatus P 0 2 2 1 1 1 1 0 

DICRANOPHORIDAE           

  Encentrum cf. uncinatum  P 0 0 1 0 0 0 0 0 

EPIPHANIDAE           

  Microcodides robustus  P 1 0 0 0 0 0 0 0 

EUCHLANIDAE           

  Euchlanis cf. dilatata  P 1 2 1 1 1 1 0 1 

  Euchlanis cf. meneta  P 3 0 3 3 3 3 1 1 

GASTROPODIDAE           

  Ascomorpha ecaudis  P 0 0 0 0 0 1 0 0 

  Ascomorpha saltans  P 1 0 1 1 1 1 0 0 
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TAXA  SITE 

  P/T 1 2 3 4 5 6 7 8 

LECANIDAE           

  Lecane bulla  P 0 0 0 0 0 1 0 0 

  Lecane curvicornis  P 2 3 2 3 3 3 0 1 

  Lecane cf. eylesi  P 1 0 0 0 0 0 0 0 

  Lecane cf. hamata  P 0 0 0 0 0 1 0 1 

  Lecane luna  P 1 0 1 0 0 1 0 0 

  Lecane sp. A P 0 0 0 0 0 0 1 0 

LEPADELLIDAE           

  Colurella uncinata bicuspidata  P 0 1 0 2 1 1 0 0 

  Lepadella biloba  P 1 0 1 2 1 2 0 2 

  Lepadella patella  P 0 1 0 0 0 2 0 0 

MYTILINIDAE           

  Lophocharis salpina  P 0 0 0 0 0 0 2 0 

NOTOMMATIDAE           

  Cephalodella catellina   P 0 0 1 0 1 0 0 0 

  Cephalodella euderbyi   P 0 0 0 2 0 0 0 0 

  Cephalodella gibba  P 2 1 2 2 2 2 1 2 

  Cephalodella megalocephala P 0 0 1 0 0 0 0 0 

  Cephalodella cf. pachdactyla  P 0 0 0 0 1 0 0 0 

  Cephalodella ventripes  P 2 2 2 3 3 1 0 2 

  Cephalodella sp. nov. P 0 0 1 0 0 0 0 0 

  Cephalodella sp. A P 0 0 0 0 0 0 1 0 

  Eosphora anthadis  P 0 0 0 1 0 0 1 1 

  Notommata sp. A P 0 0 0 0 0 0 1 0 

SCARIDIIDAE           

  Scaridium longicaudum  P 1 1 1 1 2 2 0 1 

SYNCHAETIDAE           

  Polyarthra dolichoptera  P 1 0 1 0 0 0 0 2 

TESTUDINELLIDAE           

  Testudinella patina  P 0 0 0 0 0 1 1 0 

TRICHOCERCIDAE           

  Trichocerca rattus  P 1 0 1 2 2 2 0 0 

  Trichocerca vernalis  P 2 0 0 0 1 1 0 1 

  Trichocerca P 0 0 0 0 0 0 1 0 

PLATYHELMINTHES           

TURBELLARIA Turbellaria spp. P 0 0 1 0 0 0 0 1 

ANNELIDA           

OLIGOCHAETA Oligochaeta spp P 2 0 2 2 2 2 0 2 

           

MOLLUSCA           

PLANORBIDAE ?Isidorella sp. P 0 0 0 0 0 0 1 0 

CRUSTACEA           

COPEPODA           

CALANOIDA           

  Boeckella triarticulata  P 0 0 0 0 0 0 2 1 

  Calamoecia baylyi P 0 0 0 0 0 0 3 1 

CYCLOPOIDA           

  Mesocyclops sp. P 1 2 1 1 2 1 0 3 

  Metacyclops sp. A P 1 2 1 2 2 1 1 1 

  Metacyclops sp. B P 0 0 0 0 0 0 0 0 

  copepodites P 3 3 3 3 3 3 0 3 

  nauplii P 4 3 3 3 3 3 3 4 
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TAXA  SITE 

  P/T 1 2 3 4 5 6 7 8 

HARPACTICOIDA           

  cf. Elaphoidella P 1 0 0 0 0 1 0 0 

CLADOCERA           

CHYDORIDAE           

  Alona rigidicaudis  P 1 0 0 0 0 1 0 0 

  Alona sp. A P 0 0 0 0 0 0 1 0 

DAPHNIIDAE           

  Ceriodaphnia sp. P 0 0 1 0 0 0 0 0 

MOINIDAE           

  Moina cf. micrura  P 2 1 2 1 0 1 1 1 

OSTRACODA           

 cf. Australocypris P 1 1 1 1 2 1 0 1 

 cf. Alboa P 1 1 1 0 2 1 1 2 

 cf. Cypretta P 0 1 1 1 1 1 0 1 

 cf. Stenocypris P 0 0 0 0 0 1 0 0 

 indet. juveniles P 0 0 0 0 0 0 3 0 

ANOSTRACA           

 Branchinella occidentalis P 0 0 0 0 0 0 2 0 

 Branchinella frondosa P 2 2 2 2 0 3 0 2 

CONCHOSTRACA           

 Eulimnadia dahli P 2 2 3 3 3 3 0 2 

 Caenestheria sp. P 0 0 0 0 0 0 4 0 

NOTOSTRACA           

 Triops (a) australiensis P 0 0 0 0 0 0 3 0 

INSECTA           

COLLEMBOLLA           

SYMPHYPLEONA Symphypleona spp. T 1 1 1 1 0 1 1 0 

DIPTERA           

 Unknown diptera (larvae) T 0 1 1 0 1 1 1 2 

CHIRONOMIDAE  Chironomid spp. (pupae) T 1 2 1 1 2 2 0 0 

Chironominae Polypedilum sp. (?M1 Cranston) T 0 0 2 1 2 2 1 0 

 Chironomus aff. alternans T 2 0 0 2 2 2 0 0 

 Chironomus tepperi T 0 0 0 0 2 0 2 0 

 Tanytarsus sp. T 3 0 0 0 0 2 0 0 

 Parachironomus sp. (?K2 Cranston) T 0 0 0 0 0 1 0 0 

 Paraborniella tonnoiri P 1 3 2 2 2 3 0 2 

 Chironiminae early instars T 3 0 2 3 3 4 0 4 

Tanypodinae Procladius sp. T 0 0 1 1 0 2 0 0 

 Paramerina sp. T 0 0 0 0 2 0 0 0 

 Ablabesmyia ?notabilis T 0 0 0 0 2 3 0 0 

 Larsia ?albiceps T 2 0 1 0 0 2 0 0 

Orthocladiinae Orthocladiinae nr V44 T 2 2 2 1 1 2 0 2 

CULICIDAE Culicidae spp. (pupae) T 3 3 2 3 1 3 2 2 

 Culex (Cx) australicus T 3 4 2 3 2 2 0 3 

 Aedes (Psk.) bancroftianus T 2 3 0 2 3 3 0 0 

 Aedes (Och.) normanensis T 2 0 0 0 0 0 2 0 

 Aedes (Och.) ENMs sp. #71 T 0 1 1 0 0 0 1 0 

CERATOPOGONIDAE  Ceratopogonid spp. (pupae) T 0 0 0 0 0 0 0 0 

 Ceratopogoninae spp. T 2 2 0 1 2 0 0 3 

 Dasyheleinae spp. T 0 1 0 1 1 0 0 1 

 Forcipomyiinae spp. T 0 0 0 0 0 1 0 0 

TIPULIDAE           
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TAXA  SITE 

  P/T 1 2 3 4 5 6 7 8 

 Tipulidae spp. T 0 2 2 1 2 2 0 1 

DOLICHOPODIDAE           

 Dolichopodidae spp. T 0 0 1 0 0 0 0 1 

THAUMALEIDAE           

 ?Thaumaleidae spp. T 1 0 1 0 0 0 0 0 

ANISOPTERA           

 Anisoptera spp. (juveniles) T 0 0 0 0 2 2 0 0 

EPHEMEROPTERA           

BAETIDAE Cloeon sp. T 0 0 0 2 1 0 0 0 

LEPIDOPTERA           

PYRALIDAE Nymphulinae spp.  (larvae) T 0 0 0 0 1 0 0 2 

HEMIPTERA           

CORIXIDAE           

 Agraptocorixa sp. (female) T 0 0 0 1 0 0 0 0 

 Corixidae spp. (juveniles) T 0 0 0 0 0 1 0 0 

NOTONECTIDAE           

 Anisops sp. (female) T 0 0 0 0 1 0 0 0 

COLEOPTERA           

DYTISCIDAE           

 Allodessus bistrigatus T 0 1 0 0 0 0 0 0 

 Antiporus sp. (larvae) T 1 0 0 0 0 0 0 0 

 Copelatus ferrugineus T 0 2 0 0 0 1 0 0 

 Copelatus sp. (larvae) T 1 2 2 2 2 3 0 0 

 Cybister sp. T 0 0 0 0 1 0 0 0 

 Eretes australicus T 0 0 1 1 0 0 0 0 

 Onychohydrus scutellaris T 0 0 0 0 1 0 0 0 

 Paroster sp. (larvae) T 1 0 0 2 0 0 0 2 

 Tribe Bidessini (larvae) T 3 2 2 2 1 2 0 2 

HYDROPHILIDAE            

 Berosus nutans T 0 0 0 0 0 0 1 0 

 Helochares sp. (larva) T 0 0 0 0 0 0 0 1 

SCIRTIDAE           

 Scirtidae spp. (larvae) T 2 2 2 2 0 3 0 0 

STAPHYLINIDAE           

 Staphylinidae spp. (T) T 0 1 0 0 0 0 0 0 

 Total number of ‘species’  50 43 55 55 56 62 33 46 
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Appendix 4.  Classification dendograms. 

 
 
Cluster analysis of total presence/absence data set for permanent resident fauna 
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Cluster analysis of total presence/absence data set for temporary resident fauna 
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