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Foreword

A review of the biological monitoring activities of the Environmental Research Institute of the Supervising Scientist (eriss) was conducted via a workshop that was held in October 2006. This report contains the presentations delivered at the workshop and the recommendations that were made for change. It documents the changes that were implemented over the following four years to August 2010, and provides a summary of the status of the stream biological monitoring program at that time.

Executive summary
Background

The Environmental Research Institute of the Supervising Scientist (eriss) has been conducting research into biological monitoring techniques for surface waters around Ranger mine since 1978 (Humphrey et al 1990, Humphrey & Dostine 1994). Initially eriss’s role focused on the development and subsequent transfer of monitoring techniques to mining companies. However in 2000, additional resources were provided to the Supervising Scientist Division (SSD) to formalise a non-statutory independent monitoring program. A preliminary monitoring program was implemented during the 2000–01 wet season with the finalised program commencing during the 2001–02 wet season.

eriss’s biological monitoring techniques have been subject to a number of reviews in the lead up to implementation of the monitoring program that was formalised during the 2001–02 wet season. By 2006, over a decade of biological monitoring data had accrued and the opportunity was taken at this point to review the program in light of current ‘best practice’. The biological monitoring review conducted in October 2006 took into account:

1 Possible reduced sampling (frequency/effort) for components of the program, considering factors such as:

a
sensitivity of monitoring organisms to mine-related, water quality changes

b
adequacy of current datasets as a basis for monitoring during the operational and rehabilitation phase
c
competing resources insofar as possible increased intensity of new monitoring approaches and rehabilitation research
2 Optimisation of existing techniques (ie similar results with similar power, but with fewer samples/data)
3 Wishes of stakeholders, including local landowners
With the delayed reporting of the results of this review, an update of current status as of August 2010 has been provided. 

Early detection techniques

Creekside and in situ monitoring

Creekside monitoring (CSM) has been the mainstay of toxicity monitoring since the 1991–92 wet season. A two-year comparison of the CSM and an in situ snail egg production test procedure was conducted during the 2006–07 and 2007–08 wet seasons. In short, there was no significant difference in the response variable between the in situ and creekside methods over the two-year period of comparison. Consequently, the in situ ‘once-only-feeding’ regime has superseded the CSM method and was first implemented during the 2008–09 wet season, along with cessation of the creekside program. Advantages of the in situ monitoring include improved water flow-through the test containers, portable infrastructure and reduced resourcing compared to the creekside program. 

Toxicity monitoring using the in situ reproduction test (egg number) for freshwater snails will continue to be conducted over the standard four-day exposure periods every other week in Magela Creek, and building towards a similar frequency of testing in Gulungul Creek. In a given wet season, testing will commence after deployment of continuous monitoring sondes in both creeks. 
Based on the low sensitivity of larval black-banded rainbowfish to mine-derived contaminants, the large amount of staff resources required to maintain broodstock and poor fish survival using in situ testing conditions (akin to creekside monitoring conditions), toxicity monitoring using survival of black-banded rainbowfish larvae was removed from the Ranger mine stream monitoring program following the 2005–06 wet season.

Bioaccumulation in fishes and mussels

Monitoring of bioaccumulation in freshwater mussels will continue with annual sampling conducted in Mudginberri Billabong. Sampling effort has been substantially reduced from sampling individual age classes to collecting a bulk sample of mussels for re-assurance purposes. Collections using this approach was implemented in 2009 and is currently planned for the 2010 dry season. The option for analysing individual age classes in more detail every third year (commencing in 2011 and as per approach used to 2008) will be considered at a later date. The suitability of Sandy Billabong as a control site for this study remains to be assessed given that concentrations of most analytes in the tissues of mussels from this site are much lower than for mussels collected from Mudginberri Billabong. The results of a longitudinal study of mussels along Magela Creek in May 2007 showed that, like Sandy Billabong, analyte concentrations in mussels collected from sites in Magela Creek upstream of the mine are unlike those recorded in Mudginberri Billabong. Hence these upstream Magela sites may not serve as suitable control sites either. The identification of, or indeed necessity for, a suitable control site for this study remains under review.

Fish bioaccumulation has been removed from the routine monitoring program because measured concentrations are very low (ie fish do not bioaccumulate Ranger mine-derived contaminants) and so this measure is not sensitive to changes in mine-derived contaminant concentrations. In the event that local Aboriginal residents become concerned about fish in Mudginberri Billabong, or a significant mine-site influence is detected from other monitoring programs, a specific sampling program may be considered.

Biodiversity assessment techniques

Macroinvertebrate communities of seasonally-flowing streams

Macroinvertebrate sampling in seasonally-flowing streams will continue with the same sampling effort and design. A level of pooling of within-site replicates was investigated to explore reduced costs/time for macroinvertebrate sorting. However, during this investigation it was shown that utilisation of the replicate data in the statistical analysis has much greater statistical power and also provides the ability to assess impacts after a particular (typically preceding) wet season, which pooled data cannot provide.

Fish communities in channel billabongs

Refinements to the experimental design of fish community monitoring in channel billabongs have been implemented. The monitoring technique now has reduced observer counts per transect, ie from 5 to 4 counts. The reduction in observer counts has not altered the statistical power of the impact detection test.

Fish communities in shallow lowland billabongs

Fish community sampling in shallow billabongs has historically been conducted annually in up to nine billabongs. A refined experimental design has been implemented since the 2007 sampling. Sampling will only be conducted every other year (biennially) from three exposure–control paired sites (Coonjimba vs Buba; Georgetown vs Sandy Shallow; Gulungul vs Wirnymurr). Impact detection analysis now incorporates duplicate data from within each of five crocodile exclosure areas to increase statistical power.

Macroinvertebrate communities of shallow lowland billabongs

Macroinvertebrate sampling in shallow billabongs may be conducted every (say) 5 years or otherwise may be initiated if mine-derived contaminant concentrations in the relevant wet season have noticeably increased in Coonjimba, or Georgetown Billabongs compared with analyte values associated with previous sampling (1995, 1996 and 2006). This (relative infrequency) is due to the large work load involved in sampling and sorting macroinvertebrates from shallow billabongs that is in addition to the routine annual macroinvertebrate monitoring. Further work is being conducted to understand the impoverished benthic macroinvertebrate communities in Georgetown Billabong.
In the event that macroinvertebrate sampling in shallow billabongs is scheduled due to a deterioration in water quality conditions in a mine-site-influenced billabong, macroinvertebrate sampling will take precedence over the fish community monitoring. This is due to the increased sensitivity of macroinvertebrates to mine site contamination.
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1  Introduction

The Environmental Research Institute of the Supervising Scientist (eriss) has been conducting research into biological monitoring techniques for surface waters around Ranger mine since 1978 (Humphrey et al 1990, Humphrey & Dostine 1994). Initially, eriss’s role focused on the development and subsequent transfer of monitoring techniques to mining companies. However, in 2000, additional resources were provided to the Supervising Scientist Division (SSD) to formalise a non-statutory independent monitoring program. The formalisation was in response to a tailings water leak at Ranger during the 1999–00 wet season. The preliminary monitoring program was implemented during the 2000–01 wet season and the finalised program commenced during the 2001–02 wet season (Supervising Scientist Division 2002).

During the development of the biological monitoring techniques (prior to 2000), eriss’s biological monitoring research was subject to a number of reviews. In 1993, an external review resulted in the implementation of a number of changes that ensured ‘best practice’ for the time. The program was re-assessed internally in 1997 (Humphrey & Pidgeon 1998) and again in 2000, just prior to commencement of SSD’s independent monitoring program. The monitoring program constitutes an essential component of the SSD’s ‘multiple lines of evidence’ approach to water quality assessment in the Alligator Rivers Region (van Dam et al 2002).

Since 2000, the biological monitoring program has not been further reviewed. With many of the biological monitoring techniques now having been conducted for over a decade, in October 2006 it was timely to review the program in light of current ‘best practice’ monitoring. Furthermore, with the introduction of new monitoring techniques and further research into the rehabilitation of Ranger Mine, there was, and will continue to be, increasing (and competing) demand on staff resources. Therefore, this review has taken into account and considered the following factors by way of study objectives:

4 Possible reduced sampling (frequency/effort) for components of the program, considering factors such as:

a
Sensitivity of monitoring organisms to mine-related, water quality changes
b
Adequacy of current datasets as a basis for monitoring during the operational and rehabilitation phase
c
Competing resources insofar as possible increased intensity of new monitoring approaches and rehabilitation research
5 Optimisation of existing techniques (ie similar results with similar power, but with fewer samples/data)
6 Wishes of stakeholders, including local landowners

Apart from identifying monitoring techniques for ongoing use in the program, it was hoped that the outcomes of this biological monitoring review would also be used to identify and direct key areas of research necessary to further develop and refine the program for assessment of current operations and future rehabilitation phases of Ranger mine. 

1.1  Format of report

The layout of this report follows the order of the workshop, as summarised in the program below. The workshop comprised a series of PowerPoint presentations, with questions and discussion during and after each presentation. The key issues from each presentation, a summary of related discussion and the key outcomes, are summarised on the pages following the presentation. A brief summary of the project’s status at August 2010 is also included.

2  Workshop program

Overview of the SSD’s environmental monitoring program – Chris Humphrey
Early detection techniques

· Toxicity monitoring (creekside and in-situ) – C Humphrey

· Bioaccumulation in fishes and mussels – C Humphrey

Biodiversity assessment techniques 

· Macroinvertebrate communities in seasonally-flowing streams – C Humphrey

· Fish communities in channel billabongs – D Buckle

· Fish communities in shallow billabongs – D Buckle 

· Macroinvertebrate communities in shallow billabongs – C Humphrey

3  Overview of the SSD environmental monitoring program

C Humphrey
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Overview of the SSD’s environmental monitoring program – discussion and commentary

In 2000, as a result of the Ranger mine tailings dam leak, resources were allocated to the Supervising Scientist Division for the development of an independent, non-statutory biological monitoring program (Supervising Scientist Division 2002). The program’s underpinning tenets of precautionary management and conservation of biodiversity are recognised nationally and internationally through the Australian & New Zealand Quality Guidelines, Ramsar guidelines for maintaining biological diversity of wetlands and the aims of World Heritage Convention (governing the management of Kakadu National Park) (Supervising Scientist Division 2002). These tenets are embedded through two key components of a multiple lines of evidence program:

1
Early Detection 

a
Setting standards prior to mine site discharge using ecotoxicological data and reference site data using the methods described in the national water quality guidelines.

b
Physico-chemical, toxicological and bioaccumulation monitoring conducted throughout the wet season.

2
Assessment of biodiversity

a
Identification of important changes to ecosystems (eg species richness, community structure) using fish and macroinvertebrate communities in control and impact sites throughout the Alligator Rivers Region (ARR).

Biological monitoring indicators include:

a
Macroinvertebrates – sensitive, integrative, long life cycles and sedentary.

b
Fish – high public profile, culturally and socially valuable, food resource for humans, diverse, intact (ie no exotic species), sensitive to landscape level changes.

There is a lack of true and comparative pre-mining/baseline spatial and temporal data for the Ranger mine as few studies were conducted prior to 1980. The lack of baseline data places onus on compensatory monitoring to better provide a weight of evidence approach. Statistical analyses of the biological monitoring data includes robust designs such as the MBACI (Multiple controls, Before, After, Control, Impact). Complementary approaches include control charts and multivariate ordination. 

4  Early detection techniques

4.1  Creekside and in situ toxicity monitoring

C Humphrey
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Creekside and in situ toxicity monitoring – discussion and commentary

Organism sensitivity

It is widely accepted that the snail egg production response is sensitive to U and Mg (Hogan et al 2010, Van Dam et al 2010). However, the 96 hr Black-banded rainbowfish larval survival response is not particularly sensitive to Ranger mine waters and therefore may not be adding significant value to the toxicity monitoring program.

Rainbowfish larval test results could be compared to work completed by Bywater et al (1991) in an attempt to understand the high upstream mortality of larval fry. The high upstream mortality is, at this stage, assumed to be related to reduced solutes in the control waters possibly making test conditions at the upstream site unfavourable to larval fish, particularly during recessional flows.

· Should the larval fish test be removed from the program, the single remaining (snail) indicator may not be sufficient for assurance monitoring. Therefore it may be worth investigating an alternative organism to the fish. A less-sensitive, second test organism may be beneficial alongside the more sensitive snail in providing a graded sensitivity response in the event of a pulse of mine-derived constituents.

Resourcing

The comparison of creekside monitoring (CSM) and in situ monitoring will require additional resources to those currently available at the Jabiru Field Station (JFS). In order to free up resources for the snail egg production comparisons, CSM larval fish survival tests could temporarily cease with staff resources diverted to the snail egg production comparisons. Any additional resources available could focus on an assessment of upstream larval fish survival. This could be undertaken by way of  larval fish comparative monitoring between in situ and CSM conditions, thereby providing some insight as to the cause of the higher mortality at the upstream CSM station. However, the risks associated with cessation of the CSM fish testing need to be carefully assessed.

· Stake holders may need reassurance that the resources made available by removing the fish tests will be redeployed to activities of equal, or greater, value in ensuring the environment remains protected.

· The potential advantages of in situ monitoring include improved water flow-through and contact conditions of the test organisms, portability, the ability to run an essentially continuous biological monitoring program and greatly reduced resourcing (staff infrastructure) and maintenance.

Key outcomes

· Highest priority task over the ensuing two wet seasons is the comparison of CSM and in situ snail egg production tests.

· Any additional resources that may be available should be directed at comparing fish larval survival between CSM and in situ test conditions at the upstream (only) site.

Status at August 2010

· A two year comparative evaluation of the CSM and in situ snail egg production tests was conducted over the 2006-07 and 2007-08 wet seasons. Results are reported in Humphrey et al (2009a). In summary, there was no significant difference in test responses measured between the in situ and creekside methods, and therefore, in situ monitoring will supersede the CSM method.
· A comparison of snail egg production between the CSM downstream duplicates (located on different sides of the western braid of Magela Creek) for the duration of testing has been completed. No significant difference in mean egg production per snail pair was observed between the locations. In line with the routine Ranger grab sampling and continuous monitoring for water quality, therefore, the duplicates for future in situ toxicity monitoring will be located on the western-most downstream site. The eastern site will be decommissioned.
· Toxicity monitoring using the in situ reproduction test (egg number) for freshwater snails will continue to be conducted over the standard four-day exposure periods every other week in Magela Creek, and building towards a similar frequency of testing in Gulungul Creek (trials commenced during 2009-10 wet season). In a given wet season, testing will commence after deployment of continuous monitoring sondes in both creeks.
· Comparative CSM versus in situ larval fish survival tests at the upstream site were conducted as time permitted. In total, six tests were completed (2 in 2006-07 and 4 in 2007-08). Survival of larval Black-banded rainbowfish was not enhanced under in situ conditions, suggesting that the upstream mortality of larval fish during CSM is due to natural water conditions and not related to the CSM infrastructure and conditions. Based on the known reduced (toxicological) sensitivity of larval Black-banded rainbowfish, the significant staff resources required to maintain broodstock, and the lack of noticeable improvement in organism survival under in situ testing conditions, toxicity monitoring using the Black-banded Rainbowfish larval survival test has been removed from the Ranger mine stream monitoring program.

4.2  Bioaccumulation in fishes and mussels

C Humphrey
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Bioaccumulation in fishes and mussels – discussion and commentary

The bioaccumulation program has historically been split between Environmental Radioactivity (EnRad) and AEP (Aquatic Ecosystem Protection) programs with responsibilities changing over the years. The division in responsibility between AEP and EnRad has resulted in duplication of administration, duplication of metal analysis, lack of common data storage location and duplication of data without standardised quality control. The bioaccumulation program should be overseen by a single person to prevent duplication of resources as well as ensuring standardised analysis, and reporting on data analysis and assessment.

The scope of the bioaccumulation program should be reassessed with respect to the frequency of collections of biota, which could be determined based on changes to the water/sediment quality measured throughout the previous wet season. For example, if during the wet season no mine-related ‘events’ are detected in the routine surface water quality monitoring program then bioaccumulation monitoring could be omitted in the ensuing dry season. Alternatively, sampling efforts could be focused or increased following a mine-related event. 

Mussels bioaccumulation

Mussels are sedentary filter feeders which make them good biomonitors that potentially accumulate contaminants over their (relatively long) life span (particularly Ra226), thereby detecting changes that might not be detected in sediments and water alone. Due to the sedentary nature of mussels, inputs of Ra from Ranger Mine can be assessed by monitoring Ra226:Ra228 ratio in mussel tissues. Any increase in the proportion of Ra226 indicates Ra inputs from Ranger Mine, whereas increased inputs from natural sources would increase the proportion of Ra228 in mussel flesh. Furthermore, mussel flesh is an important medium for monitoring Ra dose by the ingestion pathway (human health) as they are a valued food source for traditional owners living at Mudginberri community.

Sandy Billabong in Nourlangie Creek catchment has been selected as a control site for detecting natural changes in Ra concentrations accumulated by mussels. However this billabong is not well matched to Mudginberri Billabong as a control site because its catchment geology and general water chemistry is different to Mudginberri Billabong. Sandy Billabong substrate is predominantly clean sand, which has lower levels of associated Ra compared to the finer grained sediments typical of large sections of Mudginberri Billabong. Uptake of Ra by mussels in Sandy Billabong is further reduced by relatively higher concentrations of Ca in surface waters which competes with Ra for potential uptake within mussel tissues.

Fish bioaccumulation

Fish have a low accumulation capacity for the key Ranger mine contaminants and a high mobility within the catchment which makes them not a suitable organism to detect mine site contamination. However, monitoring of fish bioaccumulation does provide very good public assurance to local residents, particularly from Mudginberri community, as they regularly catch and consume fish from Mudginberri Billabong.

Processing of fish tissues (various organs) constitutes a large work load for ENRAD and Ra analysis can be time consuming, resulting in a large back-log of samples. Sometimes the sample integrity is compromised if samples are stored for too long before processing and analysis. Samples are usually stored frozen and are compromised if the freezer fails.

Given the fish bioaccumulation program does not provide a sensitive measure of mine site influence, this program could be reduced. If procedures are documented in protocols, sampling could be limited just to post mine-related events identified by other monitoring techniques. Further consideration would need to be given to the human health assurance program, to ensure absence of fish bioaccumulation data does not weaken this assurance capacity. Furthermore, the option of compositing of samples would make the processing and analysis quicker. 

A further review of the fish program would be required after the analysis and assessment of recent data. Points that may need to be considered in deciding upon the future of the fish bioaccumulation program include:

· Data from composite samples can have reduced reliability, as effects can be masked depending upon which organs/species are combined.

· The mass of various organs from an individual fish are typically sufficient for ICPMS analysis. However obtaining enough mass for radionuclide analysis is often difficult, thus composite samples would benefit radionuclide analysis.

· For ecosystem health (early detection) purposes, the signal to noise ratio for priority metals should be used to select which organs are analysed, only analysing the organs containing the highest accumulated concentrations.

· Laboratory uptake studies could be conducted using adult fish, defining the relationship between accumulated metal concentration and exposure concentration. This would help determine the bioaccumulation potential of various fish species.

· For many fish species, traditional owners consume the whole fish, including organs.

Key outcomes

· Jenny Brazier (AEP) is to be overall project leader for both mussels and fishes bioaccumulation work and should take carriage of data analysis and impact detection/assessment from the ecosystem protection perspective. Bruce Ryan (EnRad) will retain intellectual ownership of mussel radionuclide data for human health purposes.

· Mussel bioaccumulation program.

a. October 2006 collection will be scaled back with the suite of analytes reduced as advised by Kate Turner based on the Ranger on-site water body study,

b. April/May 2007 longitudinal study of Magela Creek with collections from upstream and downstream of Ranger in Magela creek channel (and Mudginberri if possible), and

c. Usual sampling in October 2007, possibly modified on the basis of outcomes of part b (if data available).

· Fish bioaccumulation program.

a. Jenny B to examine and assess existing metal and radionuclide data for fish,

b. This assessment will determine whether (i) separate organ compositing is possible, and (ii) sufficient low-concentration data are available such that future sampling can be restricted to ‘reactive’ collections in response to significant mine events/incidents. If condition (ii) is not met, additional sampling should be conducted. 

Status at August 2010

Jenny Brazier no longer works for the Department and her position within the Supervising Scientist Division (SSD) has moved from eriss to the Office of the Supervising Scientist (OSS). Due to the change, her position will no longer be project leader for the bioaccumulation projects. Chris Humphrey will assume the position of project leader.

· A longitudinal study of mussels along Magela Creek was completed in May 2007 and has been reported (Brazier et al 2009a). The aim of this study was to assess results of metals and Ra226 and Ra228 activity concentrations from mussels, sediment and water from Magela Creek sites upstream and downstream of the mine, including Mudginberri Billabong. The study found that radium activity concentrations in mussels varied along the catchment and are driven by a range of factors unrelated to current mining activity at Ranger. The natural variation in geology, sediment and water quality along Magela Creek showed that sites upstream on the mine within the Magela catchment may not be useful as control sites for similar reasons discussed above. Selection of an ideal control site is still under review. Sandy Billabong is not an ideal control site and its role for this purpose requires further review for the Routine monitoring program.

· Mussel sampling in October 2007 was not conducted because the results from the May 2007 sampling provided adequate human health assurance for the consumption of mussels by the local community.

· A longitudinal study within Mudginberri Billabong was completed in October 2008 and has been reported (Bollhofer et al 2010). The aim of this project was to assess results of metal and Ra226 and Ra228 activity concentrations from mussels, sediment and water from three sites located along Mudginberri Billabong (billabong inlet, midway and outlet). In summary the study found subtle variations in the relative contribution of sources of lead and uranium in the tissue of the mussels collected from the three different sites. Importantly, Ra226 and 210Pb activity concentrations in mussels (which determine most of the dose received via the ingestion of mussels) are not statistically different amongst sites. These results provide increased confidence that data from previous mussel collections conducted from several locations within the billabong over the years can be directly compared, provided factors that affect mussel condition (timing of mussel collection, duration of preceding wet season) are taken into account. 
· Sampling effort on the mussel bioaccumulation monitoring program was substantially reduced in 2009 to collecting a bulk sample of mussels from Mudginberri Billabong for re-assurance purposes, this will be repeated in the 2010 dry season. The option for analysing individual age classes in more detail every third year (commencing in 2011 and as per approach used to 2008) will be considered at a later date.

· The reduced effort on the mussel bioaccumulation monitoring program is contingent on the current water quality being maintained in Magela Creek and will need to be reviewed in the event of a minesite incident, or change in water management practice, should that lead to substantial increases in the loads of metals and radionuclides input to Magela Creek. Other billabongs in the ARR may be investigated (depending on research priorities and staff resources) to further test the predictive power (and hence enhanced monitoring potential) of the [Ra]:[Ca] ratio in water to determine the radium load in mussels from various waterbodies.

· Fish sampling was carried out in October 2007 and the results have been reported (Brazier et al 2009b). Fish bioaccumulation has since been removed from the routine monitoring program because fish do not provide a sensitive measure of mine site contaminants. In the event that local traditional owners are concerned about fish in Mudginberri Billabong, or a significant mine site influence is detected from other monitoring programs, a specific sampling program will be considered.

5  Biodiversity assessment techniques

C Humphrey
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5.1  Seasonal streams

5.1.1  Macroinvertebrate communities in streams

C Humphrey
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Macroinvertebrate communities from stream sites – discussion and commentary

Macroinvertebrates are collected annually from two control and two exposed seasonally-flowing streams during recessional flows. At each of upstream-downstream (paired) sites in each stream, five replicate samples are collected from macrophyte beds in shallow runs. Various methods have been used for collection over the monitoring period. The current Surber sampler (0.0625 m2 quadrat) has been used since 1997. Additional control streams were included in 1998 that then enabled the Multiple-Before-After-Control-Impact –Paired sites (MBACIP) impact detection method.

Each of the 5 replicate samples from each site are preserved in 90% ethanol for sorting in the laboratory. With each replicate taking four hours to sort, plus preparation time, the possibility of pooling replicates to reduce sorting time was discussed. 

Whilst pooling of replicates will save a lot of staff resources it will also result in an irreversible loss of data. Before a decision can be made on this it needs to be determined if the use of replicate data in the MBACIP design provides substantially increased statistical power or greater interpretative capabilities.

Key outcomes

· Annual sampling should continue (per current sampling design and configuration of sites).

· A level of pooling of within-site replicates should be examined to optimise sample processing costs and statistical power.

Status at August 2010

· Annual sampling has continued for 2007 (Humphrey et al 2008a), 2008 (Humphrey et al 2009b), 2009 (Humphrey et al 2010) and 2010 (currently being reported).

· Statistical advice from Keith McGuinness (CDU) has shown that the MBACIP model (ANOVA) has increased power, and an ability to assess impact in a particular year of concern, when replicates are included. The improved impact detection model has been adopted and the suggestion of pooling replicates prior to sorting dismissed. 

· In-line with the MBACIP ANOVA impact detection test, the graphical presentation of the dissimilarity between paired upstream-downstream sites has been updated to include the replicate data and associated error bars.

· A portion of the macroinvertebrate samples collected and archived since 1999 are being identified to species level to determine if macroinvertebrate community structure derived from family level data is as sensitive, or adequate, as species level identification.
5.2  Channel billabongs
5.2.1  Fish communities in channel billabongs 

D Buckle
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For further information relating to sampling optimisation see Appendix 1
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For further information relating to sampling optimisation see Appendix 1
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For further information relating to sampling optimisation see Appendix 1
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Fish communities in channel billabongs – discussion and commentary

Fish communities in channel billabongs were first sampled, using semi quantitative methods, in 1978–79 by Keith Bishop. The 1978–79 study used gill nets and is not directly comparable to the, non-destructive, visual survey method implemented from 1989 onward. Between 1989 and 1993 only Mudginberri Billabong was sampled. From 1994, after an external review of the eriss biological monitoring program, Sandy Billabong was introduced as a control site. Thus only data from 1994 onwards are used in the BACIP (control-impact) impact detection model. 

The paired-site fish community dissimilarity between Mudginberri and Sandy Billabongs has shown an apparent decline between 1994 and 2006, ie the fish communities from Mudginberri and Sandy Billabong have become more similar over time. This decline is primarily influenced by Chequered rainbow fish, a species that conducts seasonal upstream migrations towards the end of the wet season. Rainbowfish abundances have significantly declined since sampling commenced in 1989. Whilst the decline in rainbowfish abundance, and the associated decline in dissimilarity, do not appear to be related to influences from Ranger mine, the decline needs to be studied to elucidate the causal mechanisms (Humphrey et al 2006). 

Currently the visual assessment technique requires five visual counts by two alternating observers along each 50 m transect. There is scope to reduce the number of counts per transect from five to four without reducing community data collected or the statistical power of the impact detection model. Further details on the methods used to determine the appropriateness of a refinement from five to four visual counts per transect are described in Appendix 1.

Key outcomes

· Annual sampling should continue (per current sampling design and configuration of sites) to elucidate the potential causal mechanisms behind the declining dissimilarity for Mudginberri and Sandy Billabongs. Continuing the time series data (annual sampling) will be important to understand natural causes for community shifts.

· The number of observations made per site-transect should be reduced from 5 to 4. The extra time gained can be focused on training additional observers.

· The desk-top study on the statistical procedures should continue. Of particular interest is the approach to random pairing of transects between billabongs. Is the current random without replacement approach suitable or can all possible pairs be utilised? 

Status at August 2010

· The number of transect counts has been reduced to 4 and results for 2007, 2008 and 2009 have been reported (Buckle and Humphrey 2008, Buckle et al 2009 and Buckle et al 2010). Data has been collected in 2010 and is currently being reported.

· Statistical advice from Keith McGuinness (CDU) has shown that the random without replacement procedure is an appropriate method of random pairing. This approach has been adopted for this protocol.

· The most recent status on the decline in dissimilarity and chequered rainbow fish has been reported by Buckle et al (2010). In summary, the decline in dissimilarity remains significant over the full dataset (1994 to 2009, P < 0.001), despite an increase in dissimilarity that has occurred from 2006 to 2009. Humphrey and Buckle (2009) noted that a change in method procedure between the visual canoe (1989–2000) to the visual boat (2001–present) was an issue that required closer scrutiny in context to the corresponding step-down in the dissimilarity values. The change potentially confounds the observed decline over time due to a significant increase in the time taken to complete each replicate visual count since 2001. However, the high dissimilarity value observed in 2009 (the highest recorded since the introduction of the visual boat in 2001) has occurred without change in sampling method, suggesting that transect times accompanying the change in observation method may not be so influential in determining dissimilarity values. The paired-site fish community dissimilarity value has increased since 2006 and may suggest that natural shifts in community structure over time are occurring. If this is the case, the nature of the community shift should become more evident over the next few years, leading to a possible explanation for the previously-identified decline or step down over time in community dissimilarity values. 
5.3  Shallow lowland billabongs 

5.3.1  Fish communities in shallow billabongs

D Buckle
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For further information on the power analysis methods and results see Appendix 2
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Fish communities in shallow billabongs – discussion and commentary

Fish have been sampled in shallow billabongs since 1973. However, the various methods that have been used for sampling are not directly comparable. Studies by Pollard in 1973 (Pollard 1974) used a range of miscellaneous qualitative methods. Bishop et al (1986) used semi-quantitative methods combining the use of gill and seine nets from 1979 to 1989. These methods were repeated in 1995 (presented incorrectly on slide 2) and 2001 (Corbett et al 2004). Due to the removal of the water buffalo in the mid to late 1980s, many of these shallow billabongs experienced an increase in aquatic macrophytes preventing the effective use of gill and seine nets. In response to the increase in aquatic macrophytes, eriss trialled the popnet sampling method in 1992 and 1993. In 1994 this program was implemented with the inclusion of control sites. Unfortunately fish communities sampled using the popnet method are not directly comparable to the gill and seine net methods as there is a bias towards different community structures. As a result the impact detection model used by eriss (BACIP, control-impact) uses popnet data only, collected from 1994 onward. 

Within the popnet dataset there are many years when not all billabongs have been sampled due to OH&S issues (crocodile safety), budget restrictions and the addition of a control site in 1998 (Wirnmuyurr Billabong). This has resulted in an unbalanced data set. There are only five out of ten years of collected data (1994 to 2005), when the three paired sites have been sampled concurrently. To maximise the number of years used in the impact detection model currently, it is recommended that only the two paired sites (Georgetown – Sandy and Coonjimba – Buba) be used as they provide eight years of data. However, it is recommended that future monitoring of fish communities in shallow billabongs includes the three paired sites (six billabongs) each year to increase the amount of baseline data to be used in the preferred impact detection model of three exposed-control site pairs.

The current impact detection model uses the average of all popnet replicates from each billabong. This model underutilises the data available from this program. By including replication within each billabong (ie individual popnet traps or crocodile enclosure data) the statistical power of this monitoring technique can be potentially increased and a test and assessment of impact made for each particular year of sampling. Further information on the power analysis methods using the three different analysis options has been provided in Appendix 2.

Key outcomes

· The default position is sampling every other year in a 3 exposure-reference paired site configuration (from 2007) unless it is decided that in the due year, macroinvertebrate sampling should be conducted (in which case, no fish sampling will be conducted).

· Desktop study of the statistical analysis procedure (no replication versus replication) should continue to determine the design which best optimises the statistical power.

Status at August 2010

· Sampling using three exposure – control paired sites was completed in 2007 and 2009, with the results reported (Buckle and Humphrey 2008, Buckle et al 2010).

· After further statistical advice from Keith McGuinness (Charles Darwin University), BACIP Impact detection using crocodile enclosure replicate data has been adopted, providing increased statistical power. The random without replacement pairing method is used to generate the paired site dissimilarity values.

5.3.2  Macroinvertebrate communities in billabongs 

C Humphrey
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Macroinvertebrate communities in lowland billabongs – commentary and discussion

Ideally, lowland billabongs should have alternate fish and macroinvertebrate sampling each year. This ensures adequate resources are available for each program whilst ensuring continuity of time-series data.

To provide an adequate baseline of data before rehabilitation of Ranger minesite, it is recommended that macroinvertebrate communities in shallow billabongs be sampled for at least another few years, comparing benthic and macrophyte macroinvertebrate communities independently.

With new land application areas in the vicinity of Coonjimba Billabong (Jabiru East and Djalkmara extension) there is the potential for increased contamination of surface waters with mine-derived constituents. If an increase in contamination is detected from Coonjimba Billabong then macroinvertebrate community sampling should be conducted to capture any EC gradient effects upon macroinvertebrate communities.

Key outcomes

· The 3-year dataset (1995, 1996 and 2006) should be analysed to determine (i) whether there are logical exposure-reference waterbody pairs, and (ii) whether there are sufficient existing data to restrict further sampling to a smaller configuration of billabong pairs – as now done with fish in lowland billabongs.

· For the purposes of deriving water quality closure criteria and monitoring macroinvertebrates in shallow billabongs for assessing ecosystem health, macroinvertebrate sampling should be triggered after wet seasons where billabong water quality has been notably impacted by discharges of water from the minesite. This would provide the potential for water quality closure criteria to be reviewed and enable the SSD to assess the extent, if any, of potential impacts.

Status at August 2010

· Due to the large work load involved in sampling macroinvertebrates from shallow billabongs, future sampling will only occur if an increase in contamination is detected in Coonjimba or Georgetown Billabongs. In such an event, macroinvertebrate sampling will take precedence over the fish community work due to the increased sensitivity of macroinvertebrates to mine site contamination.

· Results from the 2006 macroinvertebrate survey have been reported in Humphrey et al (2008b). In summary, the data indicate that macroinvertebrate communities from the sediments of Georgetown Billabong are relatively impoverished and resemble those from the sediments of higher EC mine-influenced waterbodies. The report listed a number of possible reasons for this, including (i) contamination of sediments from mine-derived constituents, and/or (ii) physical and chemical attributes of the sediments that are unrelated to mining. The littoral macroinvertebrates from macrophyte habitat, however, continue to indicate impact from mining (ie community structure similar to that shown in control billabongs). The impoverished benthic macroinvertebrates in Georgetown Billabong are being further investigated.

· Additional sediment samples for chemical analysis were collected in August 2007 from the same billabongs sampled for macroinvertebrate communities in 2006. The results suggest that the uranium concentration in sediments have increased since 2002. However, a number of potentially confounding effects diminish the ability to infer mining-related change to the benthic communities of water bodies in this study. Future investigations of this aspect have been identified in Humphrey et al (2009c).
The recommendations from Humphrey et al (2009c) are reprinted below;

· better quantifying and describing the physical nature of sediments from the various waterbodies by way of particle size distribution (to confirm the fine-grained nature of sediments in Georgetown Billabong in particular);

· collecting a limited number of littoral and corresponding deeper-water sediment samples from Georgetown for chemical analysis. (The littoral samples collected in 2007 may be unrepresentative of the more central billabong samples collected by other agencies in the past);

· examine the extent of metal extraction from sediments using different digest techniques on different size fractions. The results would be used to assess the degree to which historical sediment quality data, often derived using different digest methods and size fractions, may be validly compared; and

· using data from dot-points 1 and 2, re-analyse and model environmental and biological data to better assess the degree and extent, if any, of possible mine-related change to benthic communities of Georgetown Billabong.

The outcome from this more detailed assessment will indicate if billabong closure criteria may be needed for sediments as well as water.

5.4  Are our biodiversity techniques meeting our requirements

C Humphrey

[image: image67.wmf]Are our biodiversity assessment techniques 

meeting our requirements?

Biological monitoring review, October 2006

97

(6 

b

’

bongs

)

33

(2 

b

’

bongs

)

120

(12 water

-

bodies)

52

(4 streams, 

8 sites)

Staff resources (PD)

Likely

ü

(but trend 

evident)

Likely

ü

High degree of 

constancy in time and 

space (precision)

ü

ü

ü

ü

Direct measures of 

biodiversity

?

(but

landscape 

change, likely)

? 

(but 

landscape 

change, likely)

ü

ü

Sensitivity to the 

contaminant 

(diagnostic)

Fish

Shallow 

b

’

bongs

Fish

Channel 

b

’

bongs

Macroinv

’

brates

billabongs

Macroinv

’

brates

streams

ESSENTIAL OR 

DESIRED ATTRIBUTE


6  References

Bishop KA, Allen SA, Pollard DA & Cook MG 1986. Ecological studies on the freshwater fishes of the Alligator Rivers Region, Northern Territory. Volume I Outline of the study, summary, conclusions and recommendations. Research report 4 (i), Supervising Scientist for the Alligator Rivers Region, AGPS, Canberra.

Bollhoefer A, Humphrey C, Ryan B & Buckle 2010. A study of radionuclide and metal uptake in mussels from Mudginberri Billabong. In eriss research summary 2008–2009. eds Jones DR & Webb AL, Supervising Scientist Report 201, Supervising Scientist, Darwin NT, 99–104.
Brazier J, Bollhoefer A, Humphrey C & Ryan B 2009a. A longitudinal study of radionuclide and metal uptake in mussels from Magela Creek and Mudginberri Billabong. In eriss research summary 2007–2008. eds Jones DR & Webb AL, Supervising Scientist Report 200, Supervising Scientist, Darwin NT, 91–99.
Brazier J, Bollhoefer A, Ryan B & Humphrey C 2009b. Bioaccumulation in fish and freshwater mussels from Mudginberri Billabong. In eriss research summary 2007–2008. eds Jones DR & Webb AL, Supervising Scientist Report 200, Supervising Scientist, Darwin NT, 53–56.
Buckle D and Humphrey C 2008. Monitoring of Ranger mine using fish community structure. In eriss research Summary 2006–2007, eds Jones DR, Humphrey C, Van Dam R & Webb A, Supervising Scientist Report 196, Supervising Scientist, Darwin NT, 56–59.

Buckle D, Humphrey C & Davies C 2009. Monitoring using fish community structure. In eriss research summary 2007–2008. eds Jones DR & Webb AL, Supervising Scientist Report 200, Supervising Scientist, Darwin NT, 60–64.
Buckle D, Humphrey C & Davies C 2010. Monitoring using fish community structure. In eriss research summary 2008–2009. eds Jones DR & Webb AL, Supervising Scientist Report 201, Supervising Scientist, Darwin NT, 88–92.
Bywater JF, Banaczkowski R & Bailey M 1991. Sensitivity of tropical freshwater fishes and four species of cladocerans from Northern Australian uranium. Environmental Toxicology and Chemistry 10 (11), 1449–1458.

Corbett L, Batterham R & Zimmermann A 2004. Aquatic studies at Ranger Mine: Whole-Ecosystem Monitoring – Round 2. Unpublished report to ERA Ranger Mine by EWL Sciences Pty Ltd.

Hogan AC, van Dam RA, Houston MA, Harford AJ & Nou S 2010. Uranium exposure to the tropical duckweed, Lemna aequinoctialis, and pulmonate snail, Amerianna cumingi: fate and toxicity. Archives of Environmental Contamination and Toxicology 59, 204–215.
Humphrey CL, Bishop KA & Brown VM 1990. Use of biological monitoring in the assessment of effects of mining wastes on aquatic ecosystems of the Alligator Rivers Region, Tropical Northern Australia. Environmental Monitoring and Assessment 14, 139–181.

Humphrey C, Buckle D & Davies C 2009a. Development of in situ toxicity monitoring methods for Magela Creek. In eriss research summary 2007–2008. eds Jones DR & Webb AL, Supervising Scientist Report 200, Supervising Scientist, Darwin NT, 86–90.
Humphrey C, Chandler L, Camilleri C & Hanley J 2008a. Monitoring of Ranger mine using macroinvertebrate community structure. In eriss research Summary 2006–2007, eds Jones DR, Humphrey C, Van Dam R & Webb A, Supervising Scientist Report 196, Supervising Scientist, Darwin NT, 52–55.

Humphrey C, Chandler L & Hanley J 2009b. Monitoring using macroinvertebrate community structure. In eriss research summary 2007–2008. eds Jones DR & Webb AL, Supervising Scientist Report 200, Supervising Scientist, Darwin NT, 57–59.
Humphrey CL and Dostine PL 1994. Development of biological monitoring programs to detect mining-waste impacts upon aquatic ecosystems of the Alligator Rivers Region, Northern Territory, Australia. Mitteilungen Internationalis Vereinigung Limnologiae 24, 293–314.

Humphrey C, Jones D, Hanley J, Chandler L & Camilleri C 2008b. Developing water quality closure criteria for Ranger Billabongs using macroinvertebrate community data. In eriss research summary 2006–2007. eds Jones DR, Humphrey C, Van Dam R & Webb A, Supervising Scientist Report 196, Supervising Scientist, Darwin NT, 84–89.

Humphrey C & Pidgeon R 1998. Development of biological monitoring programs used to assess mining impact in the ARR: A report to the Alligator Rivers Region Technical Committee, December 1997. Internal report 286, Supervising Scientist, Canberra. Unpublished paper. 

Humphrey C, Pidgeon B & Buckle D 2006. Monitoring of fish communities in deep channel billabongs associated with Ranger uranium mine, Northern Territory. In A guide to monitoring fish stocks and aquatic ecosystems. Australian Society for Fish Biology Workshop Proceedings, Darwin, Northern Territory, 11–15 July 2005, eds Phelan MJ & Bajhau H, Fisheries Incidental Publication 25, NT Department of Primary Industry, Fisheries and Mines, Darwin, 86–103.

Humphrey C, Turner K & Jones D 2009c. Developing water quality closure criteria for Ranger billabongs using macroinvertebrate community data. In eriss research summary 2007–2008. eds Jones DR & Webb AL, Supervising Scientist Report 200, Supervising Scientist, Darwin NT,130–135.
Pollard DA 1974. The freshwater fishes of the Alligator Rivers ‘Uranium Province’ area (Top End, Northern Territory) with particular reference to the Magela Creek catchment (East Alligator River System). Report 1. In Alligator Rivers Area Fact Finding Study Four AAEC Reports, ed PJF Newton, Report E305, Australian Atomic Energy Commission, AAEC, Sydney. 
Supervising Scientist 2008. Annual Report 2007–2008. Supervising Scientist, Darwin, 1–71.
Supervising Scientist Division 2002. Investigating an environmental monitoring program to protect aquatic ecosystems and humans from possible mining impacts in the Alligator Rivers Region. Environment Australia. www.environment.gov.au/ssd/monitoring/pubs/env-mon-prog-background.pdf
Van Dam RA, Hogan AC, McCullough CD, Houston MA, Humphrey CL & Harford AJ 2010. Aquatic Toxicity of Magnesium Sulfate, and the influence of Calcium, in very low oinic concentration water. Environmental Toxicology and Chemistry 29(2), 410–421.
van Dam RA, Humphrey CL & Martin P 2002. Mining in the Alligator Rivers Region, northern Australia: Assessing potential and actual effects on ecosystem and human health. Toxicology Vols 181 & 182, December 2002, 505–515.

Appendix 1  Further information on the analysis presented for Channel billabong fish community structure project

Files relating to the analysis contained in this document can be found in SharePoint at the directory location:
\\Environmental Impact of Mining - Monitoring and Assessment\Fish\Ranger\Channel Billabongs\Experimental design optimisation\Transect counts required

Acknowledgments

Dr Keith McGuinness, Charles Darwin University, for developing the ANOVA models used for impact detection assessments and valuable advice on the power analysis procedures used in this document.

1  Introduction and objective

1.1  Aim

To determine if sampling effort in the monitoring of fish communities using visual census methods can be reduced without reducing statistical power or community information. 

1.2  Background

This report reviews the resources required to conduct fish community monitoring using the visual census method. This review forms part of the biological monitoring program review, which aims to optimise resources whilst maintain best practice monitoring. 

The report explores a reduction in the number of visual counts completed along each transect within each billabong. Currently five visual counts are completed along each transect by two alternating observers. The counts at each transect are then averaged to give an average transect count. The average transect counts are then used to generate the paired-site community dissimilarity values which are used in the Impact detection analysis (ANOVA model see section 1.1.2). A reduction in the number of visual counts per transect will result in a change to the experimental design as less data per transect is included/collected. However, the proposed change would not alter the statistical impact detection test used (ANOVA model see section 1.1.2). For a reduction in the number of counts per transect to be implemented it is important that the statistical power of the impact detection test (and other commonly used analysis) is not reduced and that future community data collected is directly comparable with historic data using the impact detection ANOVA model. 

This document does not consider a reduction in sampling frequency. The observed decline in fish communities (dissimilarity) between Mudginberri and Sandy billabongs is not fully understood. Annual sampling is considered necessary to elucidate the causal factors behind the declining dissimilarity. The current sampling method is outlined below.

1.2.1  Current sampling methods

The current visual sampling procedure is conducted annually, in the early Dry season, and measures the abundance of different fish species near the margins of the two channel billabongs: Mudginberri Billabong on Magela Creek downstream of Ranger (‘exposed’ site) and Sandy Billabong on Nourlangie Creek (control site). Observations are made using a small boat with a transparent observation bow. This is necessary because diving is prevented by the presence of large crocodiles (Crocodylus porosus). The fish species and abundances are recorded from five 50 m transects located along the bank in each billabong. Two trained observers are used to make five counts in each of the five transects to minimise effects of observer bias and maximise the number of species detected. The structure of fish communities – species and relative numbers – are compared between the two sites and with values obtained in previous years.

1.2.2  Current impact detection model

The monitoring technique is based on principles of a Before-After-Control-Impact-Paired differences (BACIP) design described by Stewart-Oaten et al (1986, 1992). The monitoring objective is attained by comparison of data from a ‘baseline’ time series collected before, with data obtained after suspected contamination by mine waste water or some other ‘event’ or a particular period of interest.

The BACIP design uses a form of temporal replication. The difference between sampled responses at the paired sites (control-minus-exposed) at any one time is regarded as a replicate observation. Where community data are derived, multivariate dissimilarity values may be used as the measure of difference between the sites at each time of sampling (Faith et al 1991, 1995); these measures reduce the differences between the two communities over many different species to a single value. 

The means of sets of randomly paired differences or dissimilarity measures (see below for details) between the two sites; Mudginberri Billabong on Magela Creek downstream of Ranger (exposed site) and Sandy Billabong on Nourlangie Creek (control site), before and after (BA) an event or period of interest are compared using a nested ANOVA test. 

The model for the ANOVA is:

Model: BA + Year(BA)

In this model, BA is a fixed factor (or effect), testing for differences from before to after the event. Year(BA) is also a fixed factor but is nested in the BA factor with the different years sampled before and after the event. The replicate observations are the Bray Curtis dissimilarities, species richness and abundance differences from the randomly generated pairs of transects: these are used to derive an estimate of error (or residual) variation.

The ANOVA table is as follows (b = years before; a = years after; n = number of replicates)

Source
df
F
BA
1
MSBA/MSError
Years(BA)
(b – 1) + (a – 1)
MSYears(BA)/MSError
Error
(b + a) (n – 1)
Total
n(b + a) – 1

The monitoring technique is designed to evaluate the primary null hypothesis that there has been no change in fish community structure at the Magela Creek ‘test’ site, relative to the Nourlangie Creek control site, between two time periods of interest, eg before and after a possible impact event, between the current wet season results and those from previous wet seasons, before and after mine rehabilitation etc. Specifically, the null hypothesis of primary interest is:

H0: Mean dissimilarity before event (or the period of interest) equals mean dissimilarity after event (or the period of interest). 

If the test for BA effect (source) is significant, then the null hypothesis (1) is rejected: mean dissimilarity after the event differs (is either smaller or larger) from that before the event. 

2  Methods to assess sampling effort

Data from Mudginberri and Sandy billabongs from 1994 to 2005 have been used in this analysis. Training observations or observations extra to the first five counts at each transect have not been included.

Replicate counts for each transect are averaged for each year to give one representative count for each transect in each billabong. Average transect counts have been compiled with one, two, three, four and five replicate counts per transect.

To ensure consistency of the data set across all years the following fish species (in code) have been grouped into the following;

	TAM
	= AMM, AMA, AMJ, AM

	TCS
	= CS, FRY

	TMI
	= MI, MJ


All other species observed during the sampling period have been included, rare species have been included. 

The effects of reduced replicate counts for each transect and its influence on statistical inference of mining impact, has been looked at in terms of;

· Community indices (Species richness and Total abundance)

· Community structure (multivariate Bray-Curtis Dissimilarity value using Log(X+1) transformation)

· Impact detection responses (dissimilarity, Species richness difference and total abundance (log) difference) 

· Statistical power of Impact detection responses.

2.1  Community indices

2.1.1  Species richness

Species richness summation curves have been derived for one, two, three, four and five replicate counts for each transect in each billabong. Two curves have been generated; 1) Average species richness for each billabong - the average species richness from the 1994 to 2005 period; and 2) Average species richness per transect - the average species richness of each transect from the 1994 to 2005 period.

One way ANOVA has been used to compare the mean species richness between one, two, three, four and five replicate counts for each transect in Mudginberri billabong. Analysis has been conducted in Minitab.

Correlation analysis has been used to compare species richness from four and five replicate counts per transect in Mudginberri Billabong, using average transect data. Analysis has been conducted in Minitab. 

2.1.2  Abundance

One way ANOVA has been used to compare the total abundance between one, two, three, four and five replicate counts for each transect in Mudginberri billabong. Analysis has been conducted in Minitab.

Correlation analysis has been used to compare Total abundance from four and five replicate counts per transect in Mudginberri Billabong, using average transect data. Analysis has been conducted in Minitab.

2.2  Community structure

Assessment of change in community structure using reduced counts per transect has been determined using the Bray-Curtis dissimilarity measure between Mudginberri and Sandy Billabongs (Clarke and Warwick 2001). Dissimilarity values were derived using Log (X+1) transformed abundance data for one, two, three, four and five counts per transect in each billabong using randomly paired transect values.

For each year of sampling, Bray-Curtis dissimilarity values (Clarke and Warwick 2001), or differences (species richness or abundances) were calculated for five independent pairs of transects between Mudginberri and Sandy billabongs. The transect ‘pairs’ were selected at random (using random without replacement) for each year from the 25 possible comparisons using the RAND function in Excel 2003. The random pairs selected remained the same for all comparative analysis.

One way ANOVA has been used to compare the mean dissimilarity between one, two, three, four and five counts per transect in each billabong. Analysis has been conducted in Minitab.

Correlation analysis has been used to compare dissimilarity values derived from four and five replicate counts per transect, using average transect data. Analysis has been conducted in Minitab.

2.3  Impact detection model

2.3.1  Statistical power

Assessment of reduction in statistical power of the impact detection model was done by comparing the standard deviation (sigma, see below) from each ANOVA test using one, two, three, four and five replicate counts for each transect in each billabong. The number of counts per transect does not alter the ANOVA model thus any reduction in statistical power would be caused by an increase in sigma.

Statistical power has been assessed for the primary community indicy (dissimilarity). Species richness difference and total abundance difference have also been analysed. Dissimilarity and difference values have been generated using the random without replacement pairing method discussed above (within community structure, section 2.2). Analysis is based on average transect data.

Sigma value has been derived from running an ANOVA with the treatment data.

Sigma = √(mean square (MS) error (residual) value from ANOVA result table)

2.3.2  Impact detection tests using ANOVA model

Impact detection tests using the ANOVA model (see section 1.1.2) were conducted for four and five counts per transect. 

Before and After years were taken as:
Years before event (1994, 1995, 1996, 1997, 1998, 1999 and 2000)

Years after event (2001, 2002, 2003, 2004 and 2005). 

Tests were conducted using dissimilarity values, abundance (log) difference (control – exposed) values and species richness difference values.

Correlation analysis comparing dissimilarity, species richness difference (control-exposed) and Total abundance difference from four and five replicate counts per transect has been completed in Minitab. Data used is average transect data randomly paired using the random without replacement method (see above).

3  Results/discussion

3.1  Community indices

3.1.1  Species richness

From the species summation curves some species information is lost with reducing counts per transect. Across all counts per transect (1, 2, 3, 4 and 5) there is a significant difference in the mean species richness per transect (ANOVA, p=<0.001). There is no significant difference between four and five counts per transect (ANOVA, p=0.233), however there is a significant difference between three and five counts per transect (ANOVA, p = 0.012).

Correlation analysis between average transect species richness (4 counts per transect versus 5 counts per transect) in Mudginberri is highly significant (correlation, r = 0.961, p=<0.000). Indicating very little change in data derived from four or five counts per transect. 
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	(A) Average species richness for each billabong
	(B) Average species richness per transect for each billabong


Figure 1  Species summation curves for each billabong using 1994 to 2005 data. SDC = Sandy Billabong, MUD = Mudginberri Billabong

3.1.2  Total abundance

There is no significant difference between mean abundance per transect between 1, 2, 3, 4 or 5 counts per transect (ANOVA, p=0.994).

Correlation analysis between average transect total abundance (4 counts per transect versus 5 counts per transect) in Mudginberri is highly significant (correlation, r = 0.995, p=<0.000). Indicating very little change in data derived from four or five counts per transect.

3.2  Community structure

Plotting dissimilarity plots over time for one, two, three, four, and five counts per transect show some differences with reducing counts per transect, however very little visual difference in three, four and five counts (Figure 2). The dissimilarity decrement curve, displaying the mean dissimilarity (with 95% confidence limits) for each treatment (1,2,3,4 and 5 counts per transect), also show little difference between three, four and five counts per transect (Figure 3).
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Figure 2  Bray-Curtis dissimilarity plot between Mudginberri and Sandy Billabong with data from one, two, three, four and five counts per transect

Analysis using one way ANOVA shows a significant difference between the five different counts per transect treatments (ANOVA p=0.006). However, no significant difference between 3, 4, and five counts per transect (ANOVA p=0.851), supporting the visual observation in Figure 2 and 3. Further more, the dissimilarity values for four and five counts per transect are highly correlated (correlation r=0.974, p=<0.000). Indicating very little change between the data derived from four and five counts per transect. 
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Figure 3  Mudginberri versus Sandy billabongs paired-site dissimilarity decrement curve using Log(X+1) transformation for one, two, three, four and five visual counts per transect using data from 1994 to 2005

3.3  Impact detection model

3.3.1  Statistical power 

The standard deviation derived from dissimilarity values, species richness difference and total abundance differences are displayed in Figure 4. The Standard deviation of the community structure dissimilarity, species richness and total abundance does not change between four and five counts per transect. Based on this there should be no reduction in the statistical power of the impact detection model if the number of counts per transect are reduced to four. 

Further more, correlation analysis between four and five counts per transect for dissimilarity, species richness difference and total abundance difference are all highly correlated (r=0.974 p=<0.000, r =0.886 p=<0.000 and r=0.953 p=<0.000 respectively) indicating good concordance of these data sets.
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Figure 4  Standard deviation in data generated by one, two, three, four and five counts per transect. Standard deviation is sigma derived from ANOVA analysis. Only four and five counts plotted for log abundance difference.

3.3.2  Impact detection tests using ANOVA model

Analysis of the impact detection ANOVA using data derived from both four and five counts per transect shows no difference in the significance of the primary hypothesis (Before versus After in Table A1). However there is a change in ‘year(BA)’ for species richness difference values. It shows that years are significantly different with data derived from five counts per transect and not with data from four counts. From Figure 5 we can visualise the change between four and five counts per transect. Interestingly if you further reduce the number of counts to three counts per transect the Year(BA) is, once again, significant (p=0.022). This could be suggesting some differences between observer counts in some years.

Table 1  Comparison of significance values from four and five counts per transect using the ANOVA model: ‘BA + Year(BA)’
	
	Dissimilarity
	Species R diff
	Abundance diff (log)

	
	4 counts/trn
	5 counts/trn
	4 counts/trn
	5 counts/trn
	4 counts/trn
	5 counts/trn

	BA
	P= 0.000
	P=0.000
	P=0.637
	P=0.623
	P=0.009
	P=0.012

	Year(BA)
	P=0.001
	P=0.002
	P=0.239
	P=0.044
	P=0.000
	P=0.000


	
[image: image73.wmf]2

0

0

5

2

0

0

4

2

0

0

3

2

0

0

2

2

0

0

1

2

0

0

0

1

9

9

9

1

9

9

8

1

9

9

7

1

9

9

6

1

9

9

5

1

9

9

4

1

0

.

0

7

.

5

5

.

0

2

.

5

0

.

0

-

2

.

5

-

5

.

0

Y

e

a

r

D

i

f

f

e

r

e

n

c

e

S

p

e

c

i

e

s

 

r

i

c

h

n

e

s

s

 

d

i

f

f

e

r

e

n

c

e

 

f

o

r

 

M

u

d

 

a

n

d

 

S

a

n

d

y

,

 

4

 

c

o

u

n

t

s

 

p

e

r

 

t

r

a

n

s

e

c

t


	
[image: image74.wmf]2

0

0

5

2

0

0

4

2

0

0

3

2

0

0

2

2

0

0

1

2

0

0

0

1

9

9

9

1

9

9

8

1

9

9

7

1

9

9

6

1

9

9

5

1

9

9

4

7

.

5

5

.

0

2

.

5

0

.

0

-

2

.

5

-

5

.

0

Y

e

a

r

D

i

f

f

e

r

e

n

c

e

S

p

e

c

i

e

s

 

r

i

c

h

n

e

s

s

 

d

i

f

f

e

r

e

n

c

e

 

f

o

r

 

M

U

D

 

a

n

d

 

S

a

n

d

y

 

B

i

l

l

a

b

o

n

g

s

,

 

5

 

c

o

u

n

t

s

 

p

e

r

 

t

r

a

n

s

e

c

t



	(A) Four counts per transect
	(B) Five counts per transect


Figure 5  Species richness difference between Mudginberri and Sandy billabongs 1994 – 2005

4  Conclusion

A reduction from five to four counts is recommended. A reduction from five to four counts will have minimal influence on the data derived for this monitoring protocol. The primary analysis endpoint, dissimilarity values (community structure based on Log(X+1) transformed data), shows virtually no change. The dissimilarity values derived from four counts are highly correlated with dissimilarity values derived from five counts. No change to statistical power is detected as the standard deviation of data from the two data sets is almost identical. Further more no difference is detected when running a hypothetical impact detection test using the ANOVA model.

Changes to species richness are detected when reducing from five to four counts per transect. A reduction in species richness at each transect and at each billabong can be expected, however missing species are likely to be rarely observed open water species (not target species) having little influence on community structure (as indicated by no detectable change in dissimilarity values). 

Observed differences in species richness difference values in the impact detection significance values (ANOVA) is interesting, but not of concern because this endpoint is highly variable and not of primary interest. The results between four and five counts (1994 – 2005 data) per transect are significantly correlated and highly variable between years. The differences observed in the ANOVA test between the number of counts per transect could possibly indicate biases within the data set. During data collection observers alternate counts at each transect, interestingly so do the ANOVA significance results (3 counts, p=0.022; 4 counts, p =0.239; 5 counts, p=0.044). The potential of observer bias within the data set will be looked at separately, however this result supports a reduction to four counts per transect so observers have an even number of counts in each transect and that the averaged data is not weighted by the observer with the most counts. 

The visual observations require two alternating observers at each transect each year. The two observers counts are then assessed for any bias using the average of each observer’s counts at each transect. The averaging of counts helps to reduce the natural variation (as fish swim in and out of the transect) between counts. It is not advisable to reduce the number of counts per transect below four (two counts per observer). A reduction to four counts is advantageous as it enables new observers to be trained during the monitoring program. A training observer can conduct two observations at the completion of monitoring counts (ie counts 5 and 6). 
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1  Introduction

1.1  Aim

To determine if the statistical power for impact detection testing using shallow billabong fish communities can be increased by using replicate data from each billabong (average enclosure area or individual popnets).

1.1  Background

During the development of the statistical analysis for this project, by Keith McGuiness (CDU), it has been noted that the current Impact detection test (section 1.1.2) underutilises the data available within the experimental design (section 1.1.1). The current impact detection test uses the average of ten popnet traps from each billabong to derive paired site dissimilarity values that are used in a two factor ANOVA. This document explores the possibility of including replication from each billabong within a three factor ANOVA (section 2.1) to increase the statistical power to detect mining related change in shallow billabong fish communities. Outcomes of this review would not result in any change to the current experimental design – this is purely a desk top exercise.

1.1.1  Current experimental design

The experimental design here is based on six sites (3 control-impact paired sites), as recommended in the biological monitoring review workshop (this report). The three other discontinued sites included two indirectly exposed sites and one difficult to access control site. These sites have been removed to reduce the amount of resources required to sample shallow billabong fish communities.

This sampling procedure is conducted biennially (as recommended in this report), in the early dry season, and measures the abundance of different fish species in the shallow margins of 6 shallow billabongs. This includes three control sites; Buba, Sandy and Wirnmuyurr billabongs and three exposed sites; Coonjimba, Georgetown and Gulungul billabongs. Pop-net traps (2x2m pop up traps) are used to capture fish from dense vegetation in 10 quadrats, paired within five crocodile enclosure areas, in each billabong. Trained fish observers identify and count the numbers of each fish species captured. The ten replicate samples are required to adequately sample the array of species present. 

The structure of fish communities – species and relative numbers – are compared between billabongs exposed to contaminants from Ranger uranium mine (RUM) and control billabongs on different catchments and with values obtained in previous years. Paired-sites have been determined based on physical similarities between billabongs (size, depth – susceptibility to drying out). Paired-sites are as follows;

Coonjimba-Buba (CJM/BUB)

Georgetown-Sandy Shallow (GTN/SDS)

Gulungul-Wirnmuyurr (GUL/WIN)

1.1.2  Current impact detection model

This monitoring technique uses three control-impact paired-sites that are based on principles of a Before-After-Control-Impact-Paired differences (BACIP) design described by Stewart-Oaten et al (1986, 1992). The monitoring objective is attained by comparison of data from a ‘baseline’ time series collected before, with data obtained after suspected contamination by mine waste water or some other ‘event’ or a particular period of interest. Fish community structure data are collected at the same time of year from 10 quadrates from within each of six billabongs. 

The BACIP design uses a form of temporal replication. The difference between sampled responses at the paired sites (Control-minus-impact) at any one time is regarded as a replicate observation (Stewart–Oaten et al 1986, 1992). Where community data are derived, multivariate dissimilarity values may be used as the measure of difference between the sites at each time of sampling (Faith et al 1991, 1995); these measures reduce the differences between the two communities over many different species to a single value.

The means of differences or dissimilarity measures between the paired-sites before and after an event or period of interest, are compared using a two factor ANOVA, with factors BA (before-after the event), and Site pair. 

The model for the ANOVA is:

Model: BA+Sitepair+BA*Sitepair

In this model, BA is a fixed factor (or effect), testing the differences from before to after the event. Sitepair is also a fixed factor, testing for differences between the Sitepairs. 
The ANOVA table is as follows (b = years before; a=years after; sp = number of sitepairs.

	Source
	df
	F

	BA
	1
	MSBA/MSError

	Site-Pair
	(sp-1)
	MS Site-Pair/MSError

	BA x Site-Pair
	(sp-1)
	MS BA x Site-Pair/MSError

	Error
	Sp((b-1)+(a-1))
	

	Total
	sp(b+a) - 1
	


The monitoring technique is designed to evaluate the primary null hypothesis that there has been no change in fish community structure at the exposed sites, relative to the control sites, between two time periods of interest, eg before and after a possible impact event, between the current wet season results and those from previous wet seasons, before and after mine rehabilitation etc. Specifically, the null hypothesis of primary interest is:

H0: Mean dissimilarity before event (or the period of interest) equals mean dissimilarity after event (or the period of interest). 

If the test for BA effect (source) is significant, then the null hypothesis (1) is rejected: mean dissimilarity after the event differs (is either smaller or larger) from that before the event. 

2  Methods

Statistical power has been compared using three treatments of the shallow billabong fish community data; (A) using the current impact detection model (section 1.1.2) which is an average for each billabong and year – resulting in no replication for each paired-site year; (B) using the average data from each crocodile exclusion area – resulting in replication of five for each paired-site year; and (C) using the ten individual popnet trap data for each billabong – resulting in replication of ten for each paired-site year. Treatment 2 and 3 require the introduction of a three factor ANOVA (see section 2.1).

Data from years 1994, 1995, 1996, 1998, 2002, 2003, 2004, 2005 from paired-sites Coonjimba-Buba (CJM/BUB) and Georgetown-Sandy Shallow (GTN/SDS) have been used in this analysis. Missing years are due to data not collected or data missing for one or both paired-sites. Paired-site Gulungul-Wirnmuyurr has not been included due to Wirnmuyurr only being sampled from 1998.

For the ANOVA models years before and after (BA) have been hypothetically assigned. Years before are 1994, 1995, 1996 and 1998, years after are 2002, 2003, 2004 and 2005.

The community structure has been determined using the Bray-Curtis dissimilarity measure between paired-sites (Clarke and Warwick 2001) identified above (section 1.1.1). Dissimilarity values were derived using Log (X+1) transformed abundance data between the paired-sites. Replicates created using treatments B and C have been randomly paired using a random without replacement procedure for each paired-site and year using the RAND function in Excel. The dissimilarity values have been plotted as scatter plots with error bars (standard error) over time using SigmaPlot graphics program.

All fish species observed over the sampling period have been included in the analysis.

ANOVA analysis has been conducted in MINITAB using a general linear model. 

Power analysis has been conducted using Piface (Lenth 2006), see section 2.2 for more details.

2.1  Three factor ANOVA proposed

The model for the ANOVA is:

Model: BA+Years(BA)+Sitepair+BA*Sitepair+Year*Sitepair

In this model, BA is a fixed factor (or effect), testing the differences from before to after the event. Year(BA) is also a fixed factor but is nested in the BA factor with the different years sampled before and after the event. Sitepair is also a fixed factor, testing for differences between the Sitepairs. 
The ANOVA table is as follows (b = years before; a=years after; sp = number of sitepairs; n = number of replicates)

	Source
	df
	F

	BA
	1
	MSBA/MSError

	Years(BA)
	(b-1)+(a-1)
	MSYears(BA)/MSError

	Sitepair
	(sp-1)
	MSsitepair/MSError

	BA x Site-Pair
	(sp-1)
	MS BA x Site-Pair/MSError

	Year x Site-Pair
	(Sp-1) ((b-1)+(a-1))
	MS Year x Site-Pair/MSError

	Error
	Sp (b+a)(n-1)
	

	Total
	Spn(b+a)-1
	


2.2  Power analysis approach

Power analysis has been conducted using Piface (Lenth 2006) which uses a balanced number of years before and after (BA). It is unlikely this monitoring technique will be balanced, but more likely to have many years before an event with only a few, one initially, after. In this situation the analysis in Piface (based on a balanced ANOVA) is likely to be conservative, particularly when analysing only a few years before and after (ie 2 years before and after), due to the reduced number of years (n). Determining the power of unbalanced years before and after is more complex and not really necessary for this exercise, particularly when Piface provides such a simple power analysis tool. The Piface analysis conducted here has used two, three, four and five years before and after perturbation.

Treatment 1 uses the two factor ANOVA described in section 1.1.2.

Treatments 2 and 3 use the three factor ANOVA described in section 2.1.

The requested standard deviation values used within Piface are as follows;

SD(within) = The sigma value generated from the respective treatments and ANOVA models

Sigma = √(mean square (MS) error (residual) value from ANOVA result table)

SD(ba) = The standard deviation of the difference between before and after dissimilarity values (ie dissimilarity from 50 before to 40 after, STDEV = 7.07) (see figure 1).

The significance level of all tests has been set to p=0.05.

Results of the power analysis (BA) were entered into Excel and plotted as line graphs. Piface results have been back calculated to show the statistical power of detecting the dissimilarity difference before and after, rather than the standard deviation of the difference (as produced by Piface).
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Figure 1  Screen capture of Piface imputing three factor ANOVA to determine statistical power to detect a change from 50 to 40 dissimilarity (STDEV =7.071)
3  Results

Results for the BA power analysis have been plotted for two, three, four and five years before and after perturbation (figure 2A, 2B, 2C, 2D respectively). These figures show that increasing replication within billabongs increases the power of impact detection before and after perturbation. This is most evident with fewer years before and after perturbation (2 years before and after). Indicating that increased replication will greatly increase the statistical power when analysing with only a few years after perturbation (ie detecting change in the year of interest).

The results also show that increasing the number of years before and after an event increases the power of all the statistical tests. Indicating that the more years collected after perturbation the greater the statistical power to detect change from before to after.
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Figure 2  Statistical power analysis of three treatments of data from shallow billabong fish communities. A to D show different numbers of years before and after perturbation.

Dissimilarity results for the three treatments are presented in Figures 3A, 3B and 3C. ANOVA results from their respective models have been included in these figures. The results show that treatments B and C have greater variance in the years dissimilarity means from before to after perturbation. This is also reflected in the ANOVA tests BA results as treatment A is not significant and treatments B and C are highly significant. The results show a large discrepancy in the year 2002 between treatments A, B and C. The wet season preceding 2002 sampling had below average stream discharge with many sites recording increased aquatic vegetation within sample areas. The inclusion of replicates has resulted in increased statistical power to detect differences between paired sites each year. The average billabong (treatment A) has masked the increased variation in fish communities, possibly resulting from increase aquatic vegetation, between the site pairs. 
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Figure 3  Paired control-exposed site (Coonjimba-Buba and Georgetown-Sandy Shallow) dissimilarity values (using Bray-Curtis measure) calculated for community structure in fish in shallow billabongs, values are means (± standard error) from three different replication treatments. (A) No replication for years within each pair-site (average value for each billabong); (B) Five replicates per paired-site (average value for each enclosure area in each billabong); (C) Ten replicates per paired-site (individual popnet trap result in each billabong).

4  Conclusion

Increased power can be obtained from including replicates in the statistical impact detection test. Although greatest power is achieved using individual pop net traps it would be preferable to use the average enclosure area values (five replicates, treatment 2). Enclosure areas are suggested because the setting of crocodile exclusion nets (which form the enclosure areas) groups popnets into five pairs, each pair typically having similar habitat. Thus this would seem a logical approach.
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Sampling effort

(people hrs)

		task		People hours
5 counts/transect		People hours
4 counts/transect

		Pre sampling hours		44		44

		Sampling hours (MUD)		89		79

		Sampling Hours (SDC)		98		88

		Post sampling		20		20

		Total		251		231
















































_1286188919

_1286188305.xls
Chart1

		0		0		0

		2.83		2.83		2.83

		5.66		5.66		5.66

		8.5		8.5		8.5

		11.32		11.32		11.32

		14.15		14.15		14.15

		16.98		16.98		16.98

		19.8		19.8		19.8

		22.64		22.64		22.64

		25.46		25.46		25.46

		28.3		28.3		28.3



Avg b

Avg enclosure

each popnet

Dissimilarity  change BA

Power

power analysis using balanced ANOVA with 2 yrs before and after

0.05

0.05

0.05

0.07

0.13

0.16

0.14

0.39

0.496

0.24

0.71

0.831

0.38

0.92

0.97

0.54

0.99

0.998

0.689

0.999

0.9999

0.81

0.99996

1

0.89

1

1

0.95

1

1

0.98

1

1



channel dissim

		year		rep		1 count		2 count		3 count		4 count		5 count

		94		1		37.5077582245		27.9790149134		26.9202576094		28.7346307641		28.2650295126

		94		2		22.4709510996		19.0009177092		17.5784976506		19.6042060854		19.8339556835

		94		3		23.7624298139		25.3256584021		22.5311014875		19.8572783901		20.1036551376

		94		4		31.8914278552		30.2419916898		25.3393499688		25.8329918967		25.9941950278

		94		5		28.5790375791		23.9525652747		24.7204937674		21.9498191006		22.4110414708

		95		1		38.1906838148		34.0237515713		33.1649523868		36.8082282461		35.5450961556

		95		2		38.1065539705		31.0032994482		30.6412883953		30.1201154148		29.6151709832

		95		3		43.3392884881		35.1953796971		30.1688181103		30.3064903929		29.9695331946

		95		4		26.2974083171		36.8391855223		33.6578893735		34.5285579982		31.6196864102

		95		5		42.1444961178		39.725322114		37.0656346106		40.6025539609		41.792571928

		96		1		36.6440490039		35.7942372589		33.7551915544		32.2596201001		33.4567539144

		96		2		32.4342360958		24.9585541079		26.7994222244		25.2869131297		26.7026276582

		96		3		29.0511265277		24.7451845707		22.8365113432		23.9254130408		22.2813052929

		96		4		24.0077698467		21.054762646		18.838434596		20.3532711156		20.8163151567

		96		5		34.9885887456		28.6645819134		32.0303679188		27.931874148		29.0450149228

		97		1		33.1159701198		38.4309308644		30.3256521785		27.3320643165		25.6429725073

		97		2		35.5971424528		32.2755969897		31.1163161229		33.9615236466		36.5822352713

		97		3		28.6101608725		30.98965548		31.3639919749		32.0948607214		30.1734179764

		97		4		32.3516439208		33.8333920169		32.6457885179		28.8570292827		28.4782232034

		97		5		27.5524594518		24.8636950023		26.3244982013		27.180693241		27.4217095187

		98		1		38.7558039424		37.2881242505		35.7075705293		32.3964717377		32.1108832239

		98		2		46.6275842484		36.284131695		35.6216199369		36.3030362178		37.7884987624

		98		3		30.6802729621		29.8969788534		28.5923818201		30.179407887		31.6903736388

		98		4		31.6219276638		26.4608906636		27.3428789212		24.5854960905		24.6556665843

		98		5		42.2918478331		37.5927716348		35.6051489705		37.7871716198		35.3604225319

		99		1		16.9433939378		18.2324975583		18.4915413343		19.1111041502		19.5292730336

		99		2		23.0743657609		23.5822295896		20.473976434		16.2917402719		14.9401298795

		99		3		16.9327141924		22.5922655571		18.5461228907		20.0245240362		20.3932200462

		99		4		26.1896759784		31.1935527858		29.1588346898		27.7091590338		27.1473514815

		99		5		21.9489977338		19.5007240302		18.96354807		21.0736746749		18.849461735

		2000		1		32.6534225958		29.9304474641		26.5484977042		27.251781815		24.8459088806

		2000		2		19.9148399235		22.1994879053		18.1000891894		18.4662131797		17.3320179844

		2000		3		26.6161031479		30.8530295929		25.1877200776		23.3780301511		22.4933557365

		2000		4		37.4467789242		33.6519114403		30.0636771849		30.2429164196		24.2912668754

		2000		5		38.7215763708		36.0581011553		40.6500808338		41.276438058		39.8011921359

		2001		1		27.8604646833		23.1237026486		20.3369036019		21.2783511062		22.9742506517

		2001		2		20.1254972718		15.9080531186		19.1966157288		21.2810955166		21.3950801257

		2001		3		21.3917384519		27.135854301		25.2378482265		26.5696437791		24.7776114292

		2001		4		32.9964814108		28.7401453005		26.0637462578		25.2716267576		24.5171333868

		2001		5		33.3869074006		26.8927295033		24.5126199101		22.1033505171		19.2943941678

		2002		1		27.291003726		26.1831712462		26.4906056181		20.5687046258		19.8189231539

		2002		2		16.2118616736		14.6934944448		12.0514571373		13.0820690725		12.8378872755

		2002		3		37.5578822723		32.491243143		32.8092300351		31.4737084471		31.3475411128

		2002		4		20.5918809294		22.0326566388		20.5281718083		17.5407508231		19.5742310989

		2002		5		27.6893968282		23.685092177		21.0645487401		20.1371134353		20.3267988101

		2003		1		17.3386417339		18.8986898095		18.2593594424		17.3900298568		19.084028065

		2003		2		21.6395538506		18.8600841221		20.9211797874		20.4457692182		19.7073763554

		2003		3		24.01331723		23.4952305596		20.8149665092		19.0382449938		17.0557334978

		2003		4		19.2920607486		17.7008747264		21.4783514321		20.122124891		20.0197877497

		2003		5		33.7165129255		24.2050210305		18.3127899166		20.5384860027		20.3519613131

		2004		1		23.1435360901		19.3983412084		20.138384425		21.8226803437		22.6674018636

		2004		2		27.0632691005		24.6718601735		23.3364197852		23.4218039577		24.2841497723

		2004		3		25.2347026969		26.9347594477		22.3019641982		21.9165529811		20.5679011295

		2004		4		34.8461036613		27.2209431366		30.2851479267		27.0224268381		27.3933638744

		2004		5		28.1445125743		27.3137731479		27.3388111738		25.1655320209		24.8061049455

		2005		1		22.7661967002		18.844195104		19.5775443581		19.3863568265		19.3140002075

		2005		2		20.3061727886		17.0938898561		18.1522160532		17.9509356143		16.691690654

		2005		3		21.8744799922		16.1484177831		17.4628523287		16.6756160138		17.3240025193

		2005		4		24.918717989		24.5713500505		22.8863068466		24.6201687964		24.408180378

		2005		5		27.4475568464		27.0305876033		25.7617886633		26.3853616707		25.6547707418





channel taxa abund

		YR		Billabong		1 count		2 count		3 count		4 count		5 count						1 Abund		2 Abund		3 Abund		4 Abund		5 Abund

		1994		MUD		7		11		14		16		16						156		1022.5		1334		1345.75		1329.6

		1994		MUD		10		11		11		12		14						731		1075.5		1132		1130.75		1125.2

		1994		MUD		9		10		12		14		15						837		1014		1017.3333333333		1102		1041.2

		1994		MUD		13		14		15		15		15						1125		1110.5		1115.6666666667		1080.25		1098

		1994		MUD		14		14		16		16		16						1900		1490.5		1342.6666666667		1192.5		1173.6

		1994		SDC		10		11		12		15		15						571		489		510		507.75		518.4

		1994		SDC		7		12		12		13		14						792		856		854.3333333333		862		915.8

		1994		SDC		13		14		16		17		17						303		639.5		619		722.5		685

		1994		SDC		12		13		13		13		13						455		414		464		459.5		546

		1994		SDC		10		12		15		16		16						493		577		566.3333333333		620.25		636

		1995		MUD		10		12		12		13		13						1375		1313.5		1148.3333333333		1099.75		995.6

		1995		MUD		11		11		12		12		12						1518		831		715		630.75		586.2

		1995		MUD		5		7		8		8		11						495		443.5		513.3333333333		481.5		518.6

		1995		MUD		8		14		16		17		17						323		380.5		405		473.5		463.8

		1995		MUD		12		13		13		13		13						302		295		361		322.25		314.6

		1995		SDC		10		10		11		13		13						241		248		242		260		289

		1995		SDC		12		13		14		15		15						213		196.5		256.6666666667		321.75		321.6

		1995		SDC		6		7		7		8		9						209		195.5		220.6666666667		209.5		212.8

		1995		SDC		6		9		11		12		12						472		547.5		449.6666666667		500.25		497

		1995		SDC		10		11		14		14		14						357		315		364.3333333333		332.25		322.6

		1996		MUD		11		11		14		16		17						4663		4564		4195.6666666667		4105.5		3761.2

		1996		MUD		12		13		14		14		15						1279		1586.5		1752.6666666667		1724		1644

		1996		MUD		8		10		10		11		12						906		1098		1365		1339		1326.4

		1996		MUD		10		12		12		13		14						1051		1222		1257		1249		1288.2

		1996		MUD		10		13		13		13		13						1975		1779.5		1728.6666666667		1688		1647.2

		1996		SDC		9		9		9		9		10						811		864		847.3333333333		822		809.2

		1996		SDC		8		9		10		10		10						393		381.5		319.3333333333		360.25		320.8

		1996		SDC		9		11		12		14		14						432		542		507.3333333333		540.75		501.4

		1996		SDC		11		11		11		12		13						591		401		394.6666666667		384.5		380.8

		1996		SDC		8		8		10		11		11						232		201		226		219.5		230.8

		1997		MUD		11		13		16		17		17						864		774		1218		1266.75		1407.8

		1997		MUD		10		11		12		13		13						728		662.5		600.6666666667		531.75		520.2

		1997		MUD		12		13		13		13		15						998		993.5		817		819.25		865.8

		1997		MUD		9		9		10		14		15						544		603		553.3333333333		512.5		468.8

		1997		MUD		12		14		14		15		15						499		602.5		510.3333333333		519.75		497.8

		1997		SDC		10		11		14		16		16						1179		2528.5		2548.6666666667		2447.5		2528

		1997		SDC		10		11		12		13		14						958		1177		1042		1104.5		1227.2

		1997		SDC		12		14		14		14		16						668		746.5		643.6666666667		644.75		588.4

		1997		SDC		11		11		14		15		18						1331		1047		1141		1089.5		1135.2

		1997		SDC		16		18		18		19		20						540		727		738.6666666667		776.75		751.2

		1998		MUD		12		13		13		13		13						774		888.5		743.6666666667		682.25		660.6

		1998		MUD		4		9		9		9		9						382		377.5		421.6666666667		456.5		476.6

		1998		MUD		10		10		12		12		12						387		464.5		503.6666666667		493.25		559

		1998		MUD		9		10		10		10		11						683		602.5		551.6666666667		551		503.6

		1998		MUD		6		10		12		14		14						376		410.5		402.6666666667		417.5		414

		1998		SDC		9		10		12		13		14						149		265		213.6666666667		208.5		192.6

		1998		SDC		8		8		8		8		9						247		218.5		217.6666666667		223		234.4

		1998		SDC		11		11		12		12		13						342		291.5		271.3333333333		253.5		253.8

		1998		SDC		9		10		10		11		11						287		287		269.6666666667		446.75		536

		1998		SDC		13		13		15		16		17						565		540		573.3333333333		593.75		586

		1999		MUD		7		8		9		10		11						493		526		533		522.25		510

		1999		MUD		7		8		9		10		10						408		414.5		444		487.25		478.6

		1999		MUD		10		13		13		13		13						753		1291		1143.3333333333		1028.25		967

		1999		MUD		8		10		10		11		11						578		640.5		647.3333333333		660.75		648.6

		1999		MUD		8		10		12		13		16						252		380		369		377.75		374.2

		1999		SDC		10		13		14		14		15						571		472		417.3333333333		398.25		368.4

		1999		SDC		7		10		12		12		12						467		519		487.6666666667		445.5		414.8

		1999		SDC		11		11		12		13		13						355		287.5		256.6666666667		258.25		251.4

		1999		SDC		11		12		13		13		13						760		847		750.3333333333		682.5		632

		1999		SDC		14		15		15		16		17						1067		838.5		745		757.25		764

		2000		MUD		8		8		8		8		9						234		274.5		254.3333333333		254.25		253.6

		2000		MUD		7		7		8		10		11						408		352.5		363		362.75		384

		2000		MUD		6		6		8		11		12						312		323		383.6666666667		406		447

		2000		MUD		5		6		6		6		7						358		332.5		338		330.75		319.4

		2000		MUD		8		9		9		9		11						298		308		275.6666666667		265.75		256.4

		2000		SDC		9		9		10		10		12						329		311		321.3333333333		330		366.2

		2000		SDC		9		10		10		11		12						338		338.5		333.3333333333		343.25		321.8

		2000		SDC		9		10		11		11		13						302		242.5		229.3333333333		202.75		207.6

		2000		SDC		8		9		10		10		10						408		279.5		248		202.25		186.6

		2000		SDC		9		10		11		11		11						426		272.5		278		241.75		281.8

		2001		MUD		10		12		12		12		12						707		515.5		464.3333333333		420		421.4

		2001		MUD		8		11		12		13		13						310		277		252.3333333333		220.75		203

		2001		MUD		9		12		12		12		12						1224		919.5		795.6666666667		775		723.6

		2001		MUD		12		15		15		15		17						384		407.5		460.3333333333		439.5		528

		2001		MUD		10		10		12		12		13						199		232.5		250.6666666667		241.75		240

		2001		SDC		8		14		14		14		14						417		342.5		311		270.5		240.6

		2001		SDC		11		13		13		13		13						621		572.5		465.6666666667		390.5		349.2

		2001		SDC		12		16		16		17		17						513		386		353.3333333333		339.5		301.8

		2001		SDC		11		12		13		13		13						533		629.5		467.6666666667		370.25		414.6

		2001		SDC		11		13		14		15		16						659		507.5		427.3333333333		452.75		439

		2002		MUD		9		9		10		12		13						340		520.5		449.6666666667		640.25		605.6

		2002		MUD		9		11		11		11		12						650		411		683		568		578.6

		2002		MUD		10		10		10		11		11						122		224		192.3333333333		252.5		266.4

		2002		mud		13		15		16		17		18						416		392.5		386.6666666667		379.25		351.6

		2002		MUD		10		11		12		12		13						154		215		248		220.75		239

		2002		SDC		10		11		11		11		11						589		580.5		553.6666666667		519.25		554.6

		2002		sdc		12		12		13		15		15						460		409.5		430.3333333333		393.5		372.4

		2002		SDC		12		12		12		12		14						740		433		464.6666666667		408.75		458.6

		2002		SDC		9		10		11		11		13						1071		1056.5		788.6666666667		789		722.8

		2002		SDC		10		13		13		15		15						1314		1072.5		873.3333333333		791.5		1151

		2003		MUD		12		15		16		16		16						935		757.5		678.3333333333		724.75		682.6

		2003		MUD		11		12		12		15		16						550		506.5		479.3333333333		535.75		559

		2003		MUD		15		17		17		18		18						1037		864.5		908		866.5		896.2

		2003		MUD		12		15		15		15		15						1139		948.5		1093.6666666667		1030.75		1012.4

		2003		MUD		15		16		18		18		18						298		208.5		214		191.5		202.4

		2003		SDC		13		15		15		15		15						985		1000.5		1117		1352.75		1287.4

		2003		SDC		12		12		14		15		15						595		617		687.6666666667		593.25		660.8

		2003		SDC		14		15		16		16		16						1166		843		886		883.5		943.2

		2003		SDC		13		13		16		16		16						1108		839.5		810.6666666667		779.75		788.8

		2003		SDC		11		12		13		13		14						554		501		469		493.25		469

		2004		MUD		12		16		16		17		17						1130		1290		1192		1256.5		1393.6

		2004		MUD		13		13		17		17		17						859		760		760.3333333333		705.25		786.8

		2004		MUD		12		12		13		13		15						942		1058		1269		1314.5		1280.8

		2004		MUD		11		14		14		17		17						835		935		1142.3333333333		1152		1278.2

		2004		MUD		14		14		14		15		15						411		230		245.6666666667		261.75		245.2

		2004		SDC		13		13		15		15		16						452		820.5		784		635.75		612

		2004		SDC		12		14		16		18		19						243		233		315.6666666667		347.25		382.8

		2004		SDC		14		15		18		18		18						490		364.5		406		348.25		335.6

		2004		SDC		11		14		14		14		14						289		403		351.3333333333		304		309.4

		2004		SDC		12		13		16		16		17						344		364		320		377.25		372.8

		2005		MUD		12		15		16		16		17						810		771		787.3333333333		850.5		875.2

		2005		MUD		14		17		19		19		19						777		719		753.3333333333		759.25		732.8

		2005		MUD		14		16		16		16		18						765		579.5		555		545.5		553.4

		2005		MUD		14		18		19		19		19						586		509		511.6666666667		530		569.8

		2005		MUD		14		17		17		17		17						530		493		494.6666666667		481.75		523.6

		2005		SDC		12		14		16		16		16						455		499		454.3333333333		415.75		396.8

		2005		SDC		8		13		13		14		14						441		606.5		690.6666666667		685.75		667

		2005		SDC		10		12		13		14		16						330		364.5		372.6666666667		404		426.4

		2005		SDC		11		13		13		15		15						477		435.5		378		469.5		410.2

		2005		SDC		12		13		15		15		16						641		491.5		648.3333333333		652.25		635.2

						10.375		11.9083333333		12.8583333333		13.5416666667		14.1333333333						653.4666666667		655.5791666667		651.0027777778		645.9625		648.2683333333

						2.3552640845		2.517154033		2.6514490515		2.6628342559		2.5665375209						513.0625125038		518.4851399207		501.6354290056		492.3357974467		478.7929602874





Channels difference values

				Species richness		Species richness										Abundance		Abundance

				Sp R 5		Sp R 4		sp R 3		SR 2		Sp R 1				Abund 5		Abund 4		3 Abund		2 Abund		1 Abund										log abund 5		Log Abun 4		LOG ABUND 3		LOG ABUND 2		LOG ABUND 1

		94		2		3		1		-2		-5				783.6		936.25		870		608.5		-299						94				0.3860601928		0.4818890455		0.4580283128		0.3920397503		-0.4630651903

		94		0		-3		-1		0		0				606.8		622.75		622		586.5		160						94				0.3361135777		0.3470327208		0.3458090097		0.3418179541		0.1071150523

		94		1		1		0		-2		2				125.8		240		163		158		45						94				0.055843116		0.1065647167		0.0757545625		0.0734852203		0.0239708313

		94		0		-1		0		2		3				462		245		549.3333333333		533.5		632						94				0.2368582601		0.1115899897		0.2940852513		0.2839816286		0.3578114416

		94		-2		-1		0		0		1				488.6		505		723.6666666667		851		1597						94				0.2335658808		0.2299366254		0.3358998539		0.3671041236		0.7961085333

		95		-1		-1		-2		1		0				673		767.5		784		998.5		1018						95				0.4885123699		0.518918536		0.497756703		0.6190735078		0.5847354073

		95		0		0		1		2		5				89.2		130.5		265.3333333333		283.5		1046						95				0.0715567041		0.100490865		0.2010575854		0.1809466944		0.5066966331

		95		-2		-5		-3		-3		-5				229.6		221.5		271.3333333333		195.5		254						95				0.2532711445		0.2668568103		0.3256383977		0.2516724182		0.3116663105

		95		8		9		9		7		2				251		264		184.3333333333		185		114						95				0.3372584185		0.3529841166		0.262825643		0.2881319876		0.1883257155

		95		-2		-2		-1		0		0				-7		0.5		104.3333333333		98.5		89						95				-0.0095273685		0.0006722826		0.1476503313		0.1757246111		0.1510288552

		96		4		4		3		0		0				3380.4		3721		3801		4163		4072						96				0.993605955		1.0274474448		1.0255750112		1.0552147288		0.896436835

		96		1		0		2		2		3				1142.6		1183.25		1245.3333333333		1044.5		847						96				0.5151162716		0.5029901794		0.5377984581		0.4659139044		0.4707220733

		96		1		0		0		2		0				1095.6		1119.5		1139		897		674						96				0.7578883817		0.7836962046		0.7794248422		0.735646323		0.590251366

		96		4		4		3		3		1				479		427		409.6666666667		358		240						96				0.201728058		0.1815101778		0.1711141092		0.1504103496		0.1124597106

		96		3		3		3		4		2				1326.4		1327.75		1409.3333333333		1398		1582						96				0.70942387		0.6698217938		0.732360283		0.6679105385		0.7002907184

		97		-1		2		2		2		0				272.6		487		77		-273		-467						97				0.093394558		0.1478555213		0.0283376017		-0.1310595801		-0.1874881174

		97		-1		0		0		0		0				-707		-715.25		-441.3333333333		-514.5		-230						97				-0.372264686		-0.3583888247		-0.2389283569		-0.2493043633		-0.1190910789

		97		-1		-3		-1		2		2				-1662.2		-2655.75		-1731.6666666667		-1535		-181						97				-0.4650299267		-0.6133377466		-0.4937301025		-0.4054298963		-0.0723165191

		97		-1		0		-4		-5		-3				-119.6		-152.25		-90.3333333333		-143.5		-124						97				-0.0984971191		-0.1063864745		-0.0655642205		-0.0925742584		-0.0890296155

		97		-5		-4		-4		-4		-4				-253.4		-100.75		-228.3333333333		-124.5		-41						97				-0.1784068843		-0.0540969031		-0.1603319426		-0.0814541049		-0.0342272608

		98		2		3		3		3		3				124.6		417		474		601.5		487						98				0.0906212108		0.2633006231		0.4395271395		0.4897534647		0.4299092147

		98		-6		-4		-3		-1		-5				284		322.75		208		112.5		233						98				0.3921589651		0.3987491276		0.2942333862		0.1531842472		0.4071075149

		98		-2		0		0		-1		-1				305.2		279		232.3333333333		173		45						98				0.3419886033		0.3214466371		0.2679038186		0.2017938149		0.0535376056

		98		-5		-4		-5		-3		-4				-82.4		65.25		-21.6666666667		62.5		118						98				-0.0656908551		0.0452094848		-0.0167007512		0.0474800093		0.0822396705

		98		4		7		4		2		-2				179.6		373.25		185		192		129						98				0.2462416382		0.4259081401		0.2662403038		0.272935315		0.1818896694

		99		-2		-3		-5		-5		-3				141.6		23		115.6666666667		54		-78						99				0.140924009		0.0178555498		0.1060187859		0.0469494745		-0.0636690799

		99		-3		-3		-4		-4		-4				-153.4		-377.75		-306.3333333333		-432.5		-352						99				-0.1205245356		-0.2161394217		-0.227472646		-0.3098248241		-0.2696613488

		99		1		0		1		3		3				552.2		541.75		655.6666666667		772		286						99				0.3669908723		0.2647995258		0.3695398331		0.39525917		0.2071254928

		99		-1		-2		-2		-1		-3				397.2		397.5		390.6666666667		353		223						99				0.4105566657		0.398678954		0.4007401117		0.3470508432		0.2112285658

		99		1		-3		-3		-5		-6				-389.8		-715.5		-376		-458.5		-815						99				-0.3093986054		-0.4607639138		-0.3045371034		-0.3430957248		-0.6254507315

		0		-4		-1		-2		-1		-1				-112.6		-47.5		-67		-36.5		-95						0				-0.1590442732		-0.0672749305		-0.1011977045		-0.0540329908		-0.1474460776

		0		0		0		-2		-2		-1				197.4		161.75		115		73		0						0				0.3122278955		0.2542623102		0.1649020366		0.1004565525		0

		0		1		0		-2		-4		-3				125.2		32.75		50.3333333333		-15.5		-26						0				0.1423444879		0.0364326002		0.0609048758		-0.0202947684		-0.0346553607

		0		-4		-5		-5		-4		-4				37.6		89		60		60		-68						0				0.0542131023		0.135651693		0.0845954949		0.0861385076		-0.0753334264

		0		-3		-2		-2		-1		-1				48.8		110.5		46.3333333333		65.5		-4						0				0.0912942385		0.1881776689		0.079600045		0.1034595139		-0.0057714402

		1		-5		-3		-2		-1		-1				-17.6		72.5		37		8		48						1				-0.017728767		0.0600695836		0.0359822906		0.0067793686		0.0304893221

		1		-3		-3		-4		-5		-4				-98.8		-98.75		-101		-109		-203						1				-0.1715257034		-0.144944077		-0.1457196722		-0.1436661691		-0.21820273

		1		-3		-2		-1		0		-2				309		509.75		328		290		691						1				0.2414227908		0.3753094461		0.2304125803		0.1643387019		0.3605948317

		1		2		1		1		1		4				287.4		161.5		149.3333333333		65		-33						1				0.3403587421		0.1790541823		0.1698602414		0.0752653195		-0.0357155523

		1		-1		-2		-1		-3		-1				-109.2		-225.5		-215		-340		-422						1				-0.1622990992		-0.2723848142		-0.268181084		-0.3902465373		-0.492760389

		2		-2		-2		-3		-4		-1				-545.4		-202		-423.6666666667		-552		-974						2				-0.2785500731		-0.1009708325		-0.287821599		-0.313547736		-0.5861713738

		2		0		0		0		0		-1				24		-5		129.3333333333		-169.5		61						2				0.0183661397		-0.0030359752		0.0910240345		-0.149652503		0.0427289769

		2		-3		-2		-1		0		1				-456.4		-569.25		-596.3333333333		-832.5		-949						2				-0.4324571758		-0.4847554076		-0.6111370672		-0.6720978579		-0.9402896739

		2		4		6		4		3		1				-107		103		-78		-40.5		-324						2				-0.1150977121		0.0973867068		-0.0796166914		-0.0425449928		-0.249682153

		2		-2		-3		-1		-1		-2				-133.4		-167.75		-182.3333333333		-194.5		-306						2				-0.1919630719		-0.1799506997		-0.2386136745		-0.2788594103		-0.4733692272

		3		0		0		0		0		-2				-260.6		-144.5		-207.6666666667		-85.5		-231						3				-0.140261942		-0.056847699		-0.1158406949		-0.0463868615		-0.0957950073

		3		1		0		-3		-3		-2				-728.4		-1364		-637.6666666667		-494		-435						3				-0.3618626891		-0.486002399		-0.3668990775		-0.295214907		-0.2527253161

		3		2		2		1		4		2				107.4		-46.25		97.3333333333		25		-71						3				0.0553721355		-0.0196835841		0.0491861724		0.0127293544		-0.0287341926

		3		0		0		1		3		0				351.6		146.5		406		331.5		544						3				0.1850541371		0.0639147004		0.2012728313		0.186506494		0.2816585916

		3		4		3		5		4		4				-266.6		-486		-255		-292.5		-256						3				-0.3637469093		-0.5129297141		-0.339659398		-0.3795196898		-0.2686217948

		4		1		2		1		3		-1				781.6		686		408		469.5		678						4				0.3569891864		0.2455919733		0.1817707869		0.1963186745		0.3973644029

		4		1		1		3		-1		2				477.4		530.75		409		357		570						4				0.4044942639		0.40209775		0.3346211123		0.2750032917		0.4721004533

		4		-1		-2		-3		-1		0				908		1408.25		949		694		598						4				0.5351809702		0.6590298563		0.5972986886		0.4626030957		0.4366925977

		4		-1		-1		-4		-1		-3				942.6		959.25		736.3333333333		570.5		345						4				0.5798243391		0.4521512467		0.4485784561		0.4083884674		0.2311247853

		4		-5		-4		-2		0		2				-137.6		2.25		-70		-3		168						4				-0.1928169218		0.0023454304		-0.1084918856		-0.0056038775		0.2275073897

		5		1		1		1		2		0				240		180.75		139		279.5		169						5				0.1390095841		0.0832002794		0.0842421925		0.1952110655		0.1014858261

		5		4		4		6		4		6				65.8		159.75		62.6666666667		112.5		336						5				0.0408012449		0.0800747857		0.0376664529		0.0737862142		0.2455573276

		5		1		0		3		3		3				143.2		75.75		177		144		288						5				0.1297701156		0.0604187009		0.1664355816		0.123817976		0.204800873

		5		3		3		3		4		2				169.4		80		57.3333333333		10		131						5				0.1540714434		0.0653077027		0.0515056361		0.0086001718		0.1096732586

		5		1		2		4		5		4				97.2		31.75		122		128.5		200						5				0.0889937684		0.0292479427		0.1227053559		0.1308395676		0.2052665273





Popnet dissims

																																														POPNET POWER

																																Popnet averaged by enclosures

						dissim averaged by billabong										popnet averaged by two random generated reps																CJM v's BUB		GTN v's SDS		GUL v's WIN												2 years before and after

						CJM v's BUB		GTN v's SDS		GUL v's WIN						CJM v's BUB		GTN v's SDS		GUL v's WIN										1994		37.7738786797		24.55942315										CHANGE IN Stdev		change		Avg b		Avg enclosure		each popnet

		1994		1		38.3		26.9						1994		40.3115356186		27.5454455815												1994		44.5712653349		19.356806943										0		0		0.05		0.05		0.05

		1995		2		42.9		42.4						1994		38.7750828694		30.7283336529												1994		45.5368109541		29.023223116										2		3		0.07		0.13		0.16

		1996		3		32.2		41.01						1995		46.6658332456		48.6981082253												1994		35.6795659235		42.4529857116										4		6		0.14		0.39		0.496

		1997												1995		39.9021909702		36.0753051471												1994		44.017399234		55.994780255										6		9		0.24		0.71		0.831

		1998		4		49.6		40.5		38.6				1996		28.0894239309		49.2664293875												1995		42.3882702567		47.0430312265										8		11		0.38		0.92		0.97

		1999												1996		35.6098262666		36.465739833												1995		39.3933858642		42.4631527809										10		14		0.54		0.99		0.998

		2000				56.01				35.08				1998		53.4462563538		45.518070786		40.8559304485										1995		42.4423183283		37.11888238										12		17		0.689		0.999		0.9999

		2001						28.8						1998		45.5292280149		38.0120983653		36.4662665852										1995		52.5913618778		46.3855165208										14		20		0.81		0.99996		1

		2002		1		37.4		41		51.5				2000		55.371653237				33.6539429407										1995		50.535202766		46.2645896923										16		23		0.89		1		1

		2003		2		51.1		40.8		34.4				2000		57.2306881738				38.5506233059										1996		37.0882866848		45.5150525941										18		25		0.95		1		1

		2004		3		56.9		51.6		23.3				2001				28.6456035058												1996		37.7849869014		52.8988998869										20		28		0.98		1		1

		2005		4		44.75		51.84		30.39				2001				42.3492998123												1996		36.1483388753		60.7002027603

														2002		36.5629925996		33.7933161128		57.6224496182										1996		40.7890817195		47.7306670821														3 yrs before and after

		Avg				45.4622222222		40.5388888889		35.545				2002		76.6156135804		50.4186482426		50.5774566499										1996		30.9376472775		33.725934964										CHANGE IN Stdev		change		Avg b		Avg enclosure		each popnet

														2003		51.2465384376		38.8747211063		33.7452852116										1997														0		0		0.05		0.05		0.05

		STDEV				8.5895267299		8.4989123487		9.40145042				2003		51.7485239086		44.9937831209		39.442979457										1997														2		3		0.09		0.18		0.22

														2004		56.3963527942		51.5363558918		29.6147521238										1997														4		6		0.21		0.55		0.67

						overall STDEV				9.2530571525				2004		56.8355451963		52.7690973857		24.8606006303										1997														6		9		0.42		0.88		0.95

														2005		52.5908868052		49.2410788832		36.4297368777										1997														8		11		0.65		0.99		0.998

														2005		40.9396827203		55.333586738		40.7763341521										1998		54.4937526167		60.9237874888		40.7003864346								10		14		0.83		0.999		0.99997

																														1998		41.566221696		51.4055860922		35.1570572022								12		17		0.94		0.99999		1

																														1998		66.9218485647		59.6272658676		34.2653165186								14		20		0.98		1		1

														average		47.9926585957		42.2369456543		38.5496965001										1998		42.7620696706		68.11520219		63.429576743								16		23		0.996		1		1

																								overalll STDEV						1998		57.6567256493		62.0705462372		37.6609061866								18		25		0.9994		1		1

														StDev		11.1949718446		8.7420502526		8.7522556458				10.2712629384						1999														20		28		0.9999		1		1

																														1999

														n		18		18		12										1999																		4 yrs before and after

																														1999														CHANGE IN Stdev		change		Avg b		Avg enclosure		each popnet

																														1999														0		0		0.05		0.05		0.05

																														2000		60.6901652533				34.3291710192								2		3		0.11		0.23		0.28

																														2000		59.2839255741				42.6256110261								4		6		0.29		0.68		0.791

																														2000		63.8755704051				39.0823370688								6		9		0.56		0.95		0.97

																														2000		58.3869508256				31.8155311818								8		11		0.81		0.998		0.9998

																														2000		57.2162791271				40.9160333721								10		14		0.94		0.99998		1

																														2001				39.0197905871										12		17		0.988		1		1

																														2001				48.1587044444										14		20		0.999		1		1

																														2001				37.3265307406										16		23		0.9999		1		1

																														2001				43.6859630402										18		25		0.99999		1		1

																														2001				47.3628639559										20		28		1		1		1

																														2002		70.9454607313		50.8915731925		91.7372132635

																														2002		95.3791049672		35.661350893		52.3944445951												5 yrs before and after

																														2002		60.0321309766		61.8116445723		91.3014567707								CHANGE IN Stdev		change		Avg b		Avg enclosure		each popnet

																														2002		88.1917057618		51.9083950467		50.8660160073								0		0		0.05		0.05		0.05

																														2002		80.0911744689		84.4105588376		51.0465554503								2		3		0.13		0.27		0.34

																														2003		45.0753224258		45.3703413105		55.3246220338								4		6		0.37		0.77		0.87

																														2003		61.5412317256		47.1097455691		36.0712026027								6		9		0.68		0.98		0.997

																														2003		50.2518157661		47.2926989653		53.7241201283								8		11		0.898		0.9997		0.99999

																														2003		45.5248683331		41.9430690851		35.8949043079								10		14		0.981		1		1

																														2003		64.89007514		32.6889082187		43.0864571981								12		17		0.998		1		1

																														2004		50.851915208		59.4098535677		29.1107596076								14		20		0.9999		1		1

																														2004		60.8842886118		68.9344760521		33.1687027781								16		23		1		1		1

																														2004		53.1777048211		55.8302138346		37.3549727267								18		25		1		1		1

																														2004		50.6910550812		46.5620201961		37.3227920183								20		28		1		1		1

																														2004		73.0723993875		61.6565155389		31.8203559067

																														2005		73.5225691233		49.4308049844		51.6651417292

																														2005		45.9949545948		63.6209677948		62.4330771648

																														2005		52.2767276548		60.0717946832		26.6705811637

																														2005		50.0049540976		38.1038554339		45.1524475956

																														2005		49.1386113356		78.7356668199		55.8037273582

																														Average		53.3793195616		49.5638632068		45.7310492387

																														StDev		14.0775857936		13.1598254672		15.8010641242

																														n		45		45		30
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channel dissim

		year		rep		1 count		2 count		3 count		4 count		5 count

		94		1		37.5077582245		27.9790149134		26.9202576094		28.7346307641		28.2650295126

		94		2		22.4709510996		19.0009177092		17.5784976506		19.6042060854		19.8339556835

		94		3		23.7624298139		25.3256584021		22.5311014875		19.8572783901		20.1036551376

		94		4		31.8914278552		30.2419916898		25.3393499688		25.8329918967		25.9941950278

		94		5		28.5790375791		23.9525652747		24.7204937674		21.9498191006		22.4110414708

		95		1		38.1906838148		34.0237515713		33.1649523868		36.8082282461		35.5450961556

		95		2		38.1065539705		31.0032994482		30.6412883953		30.1201154148		29.6151709832

		95		3		43.3392884881		35.1953796971		30.1688181103		30.3064903929		29.9695331946

		95		4		26.2974083171		36.8391855223		33.6578893735		34.5285579982		31.6196864102

		95		5		42.1444961178		39.725322114		37.0656346106		40.6025539609		41.792571928

		96		1		36.6440490039		35.7942372589		33.7551915544		32.2596201001		33.4567539144

		96		2		32.4342360958		24.9585541079		26.7994222244		25.2869131297		26.7026276582

		96		3		29.0511265277		24.7451845707		22.8365113432		23.9254130408		22.2813052929

		96		4		24.0077698467		21.054762646		18.838434596		20.3532711156		20.8163151567

		96		5		34.9885887456		28.6645819134		32.0303679188		27.931874148		29.0450149228

		97		1		33.1159701198		38.4309308644		30.3256521785		27.3320643165		25.6429725073

		97		2		35.5971424528		32.2755969897		31.1163161229		33.9615236466		36.5822352713

		97		3		28.6101608725		30.98965548		31.3639919749		32.0948607214		30.1734179764

		97		4		32.3516439208		33.8333920169		32.6457885179		28.8570292827		28.4782232034

		97		5		27.5524594518		24.8636950023		26.3244982013		27.180693241		27.4217095187

		98		1		38.7558039424		37.2881242505		35.7075705293		32.3964717377		32.1108832239

		98		2		46.6275842484		36.284131695		35.6216199369		36.3030362178		37.7884987624

		98		3		30.6802729621		29.8969788534		28.5923818201		30.179407887		31.6903736388

		98		4		31.6219276638		26.4608906636		27.3428789212		24.5854960905		24.6556665843

		98		5		42.2918478331		37.5927716348		35.6051489705		37.7871716198		35.3604225319

		99		1		16.9433939378		18.2324975583		18.4915413343		19.1111041502		19.5292730336

		99		2		23.0743657609		23.5822295896		20.473976434		16.2917402719		14.9401298795

		99		3		16.9327141924		22.5922655571		18.5461228907		20.0245240362		20.3932200462

		99		4		26.1896759784		31.1935527858		29.1588346898		27.7091590338		27.1473514815

		99		5		21.9489977338		19.5007240302		18.96354807		21.0736746749		18.849461735

		2000		1		32.6534225958		29.9304474641		26.5484977042		27.251781815		24.8459088806

		2000		2		19.9148399235		22.1994879053		18.1000891894		18.4662131797		17.3320179844

		2000		3		26.6161031479		30.8530295929		25.1877200776		23.3780301511		22.4933557365

		2000		4		37.4467789242		33.6519114403		30.0636771849		30.2429164196		24.2912668754

		2000		5		38.7215763708		36.0581011553		40.6500808338		41.276438058		39.8011921359

		2001		1		27.8604646833		23.1237026486		20.3369036019		21.2783511062		22.9742506517

		2001		2		20.1254972718		15.9080531186		19.1966157288		21.2810955166		21.3950801257

		2001		3		21.3917384519		27.135854301		25.2378482265		26.5696437791		24.7776114292

		2001		4		32.9964814108		28.7401453005		26.0637462578		25.2716267576		24.5171333868

		2001		5		33.3869074006		26.8927295033		24.5126199101		22.1033505171		19.2943941678

		2002		1		27.291003726		26.1831712462		26.4906056181		20.5687046258		19.8189231539

		2002		2		16.2118616736		14.6934944448		12.0514571373		13.0820690725		12.8378872755

		2002		3		37.5578822723		32.491243143		32.8092300351		31.4737084471		31.3475411128

		2002		4		20.5918809294		22.0326566388		20.5281718083		17.5407508231		19.5742310989

		2002		5		27.6893968282		23.685092177		21.0645487401		20.1371134353		20.3267988101

		2003		1		17.3386417339		18.8986898095		18.2593594424		17.3900298568		19.084028065

		2003		2		21.6395538506		18.8600841221		20.9211797874		20.4457692182		19.7073763554

		2003		3		24.01331723		23.4952305596		20.8149665092		19.0382449938		17.0557334978

		2003		4		19.2920607486		17.7008747264		21.4783514321		20.122124891		20.0197877497

		2003		5		33.7165129255		24.2050210305		18.3127899166		20.5384860027		20.3519613131

		2004		1		23.1435360901		19.3983412084		20.138384425		21.8226803437		22.6674018636

		2004		2		27.0632691005		24.6718601735		23.3364197852		23.4218039577		24.2841497723

		2004		3		25.2347026969		26.9347594477		22.3019641982		21.9165529811		20.5679011295

		2004		4		34.8461036613		27.2209431366		30.2851479267		27.0224268381		27.3933638744

		2004		5		28.1445125743		27.3137731479		27.3388111738		25.1655320209		24.8061049455

		2005		1		22.7661967002		18.844195104		19.5775443581		19.3863568265		19.3140002075

		2005		2		20.3061727886		17.0938898561		18.1522160532		17.9509356143		16.691690654

		2005		3		21.8744799922		16.1484177831		17.4628523287		16.6756160138		17.3240025193

		2005		4		24.918717989		24.5713500505		22.8863068466		24.6201687964		24.408180378

		2005		5		27.4475568464		27.0305876033		25.7617886633		26.3853616707		25.6547707418





channel taxa abund

		YR		Billabong		1 count		2 count		3 count		4 count		5 count						1 Abund		2 Abund		3 Abund		4 Abund		5 Abund

		1994		MUD		7		11		14		16		16						156		1022.5		1334		1345.75		1329.6

		1994		MUD		10		11		11		12		14						731		1075.5		1132		1130.75		1125.2

		1994		MUD		9		10		12		14		15						837		1014		1017.3333333333		1102		1041.2

		1994		MUD		13		14		15		15		15						1125		1110.5		1115.6666666667		1080.25		1098

		1994		MUD		14		14		16		16		16						1900		1490.5		1342.6666666667		1192.5		1173.6

		1994		SDC		10		11		12		15		15						571		489		510		507.75		518.4

		1994		SDC		7		12		12		13		14						792		856		854.3333333333		862		915.8

		1994		SDC		13		14		16		17		17						303		639.5		619		722.5		685

		1994		SDC		12		13		13		13		13						455		414		464		459.5		546

		1994		SDC		10		12		15		16		16						493		577		566.3333333333		620.25		636

		1995		MUD		10		12		12		13		13						1375		1313.5		1148.3333333333		1099.75		995.6

		1995		MUD		11		11		12		12		12						1518		831		715		630.75		586.2

		1995		MUD		5		7		8		8		11						495		443.5		513.3333333333		481.5		518.6

		1995		MUD		8		14		16		17		17						323		380.5		405		473.5		463.8

		1995		MUD		12		13		13		13		13						302		295		361		322.25		314.6

		1995		SDC		10		10		11		13		13						241		248		242		260		289

		1995		SDC		12		13		14		15		15						213		196.5		256.6666666667		321.75		321.6

		1995		SDC		6		7		7		8		9						209		195.5		220.6666666667		209.5		212.8

		1995		SDC		6		9		11		12		12						472		547.5		449.6666666667		500.25		497

		1995		SDC		10		11		14		14		14						357		315		364.3333333333		332.25		322.6

		1996		MUD		11		11		14		16		17						4663		4564		4195.6666666667		4105.5		3761.2

		1996		MUD		12		13		14		14		15						1279		1586.5		1752.6666666667		1724		1644

		1996		MUD		8		10		10		11		12						906		1098		1365		1339		1326.4

		1996		MUD		10		12		12		13		14						1051		1222		1257		1249		1288.2

		1996		MUD		10		13		13		13		13						1975		1779.5		1728.6666666667		1688		1647.2

		1996		SDC		9		9		9		9		10						811		864		847.3333333333		822		809.2

		1996		SDC		8		9		10		10		10						393		381.5		319.3333333333		360.25		320.8

		1996		SDC		9		11		12		14		14						432		542		507.3333333333		540.75		501.4

		1996		SDC		11		11		11		12		13						591		401		394.6666666667		384.5		380.8

		1996		SDC		8		8		10		11		11						232		201		226		219.5		230.8

		1997		MUD		11		13		16		17		17						864		774		1218		1266.75		1407.8

		1997		MUD		10		11		12		13		13						728		662.5		600.6666666667		531.75		520.2

		1997		MUD		12		13		13		13		15						998		993.5		817		819.25		865.8

		1997		MUD		9		9		10		14		15						544		603		553.3333333333		512.5		468.8

		1997		MUD		12		14		14		15		15						499		602.5		510.3333333333		519.75		497.8

		1997		SDC		10		11		14		16		16						1179		2528.5		2548.6666666667		2447.5		2528

		1997		SDC		10		11		12		13		14						958		1177		1042		1104.5		1227.2

		1997		SDC		12		14		14		14		16						668		746.5		643.6666666667		644.75		588.4

		1997		SDC		11		11		14		15		18						1331		1047		1141		1089.5		1135.2

		1997		SDC		16		18		18		19		20						540		727		738.6666666667		776.75		751.2

		1998		MUD		12		13		13		13		13						774		888.5		743.6666666667		682.25		660.6

		1998		MUD		4		9		9		9		9						382		377.5		421.6666666667		456.5		476.6

		1998		MUD		10		10		12		12		12						387		464.5		503.6666666667		493.25		559

		1998		MUD		9		10		10		10		11						683		602.5		551.6666666667		551		503.6

		1998		MUD		6		10		12		14		14						376		410.5		402.6666666667		417.5		414

		1998		SDC		9		10		12		13		14						149		265		213.6666666667		208.5		192.6

		1998		SDC		8		8		8		8		9						247		218.5		217.6666666667		223		234.4

		1998		SDC		11		11		12		12		13						342		291.5		271.3333333333		253.5		253.8

		1998		SDC		9		10		10		11		11						287		287		269.6666666667		446.75		536

		1998		SDC		13		13		15		16		17						565		540		573.3333333333		593.75		586

		1999		MUD		7		8		9		10		11						493		526		533		522.25		510

		1999		MUD		7		8		9		10		10						408		414.5		444		487.25		478.6

		1999		MUD		10		13		13		13		13						753		1291		1143.3333333333		1028.25		967

		1999		MUD		8		10		10		11		11						578		640.5		647.3333333333		660.75		648.6

		1999		MUD		8		10		12		13		16						252		380		369		377.75		374.2

		1999		SDC		10		13		14		14		15						571		472		417.3333333333		398.25		368.4

		1999		SDC		7		10		12		12		12						467		519		487.6666666667		445.5		414.8

		1999		SDC		11		11		12		13		13						355		287.5		256.6666666667		258.25		251.4

		1999		SDC		11		12		13		13		13						760		847		750.3333333333		682.5		632

		1999		SDC		14		15		15		16		17						1067		838.5		745		757.25		764

		2000		MUD		8		8		8		8		9						234		274.5		254.3333333333		254.25		253.6

		2000		MUD		7		7		8		10		11						408		352.5		363		362.75		384

		2000		MUD		6		6		8		11		12						312		323		383.6666666667		406		447

		2000		MUD		5		6		6		6		7						358		332.5		338		330.75		319.4

		2000		MUD		8		9		9		9		11						298		308		275.6666666667		265.75		256.4

		2000		SDC		9		9		10		10		12						329		311		321.3333333333		330		366.2

		2000		SDC		9		10		10		11		12						338		338.5		333.3333333333		343.25		321.8

		2000		SDC		9		10		11		11		13						302		242.5		229.3333333333		202.75		207.6

		2000		SDC		8		9		10		10		10						408		279.5		248		202.25		186.6

		2000		SDC		9		10		11		11		11						426		272.5		278		241.75		281.8

		2001		MUD		10		12		12		12		12						707		515.5		464.3333333333		420		421.4

		2001		MUD		8		11		12		13		13						310		277		252.3333333333		220.75		203

		2001		MUD		9		12		12		12		12						1224		919.5		795.6666666667		775		723.6

		2001		MUD		12		15		15		15		17						384		407.5		460.3333333333		439.5		528

		2001		MUD		10		10		12		12		13						199		232.5		250.6666666667		241.75		240

		2001		SDC		8		14		14		14		14						417		342.5		311		270.5		240.6

		2001		SDC		11		13		13		13		13						621		572.5		465.6666666667		390.5		349.2

		2001		SDC		12		16		16		17		17						513		386		353.3333333333		339.5		301.8

		2001		SDC		11		12		13		13		13						533		629.5		467.6666666667		370.25		414.6

		2001		SDC		11		13		14		15		16						659		507.5		427.3333333333		452.75		439

		2002		MUD		9		9		10		12		13						340		520.5		449.6666666667		640.25		605.6

		2002		MUD		9		11		11		11		12						650		411		683		568		578.6

		2002		MUD		10		10		10		11		11						122		224		192.3333333333		252.5		266.4

		2002		mud		13		15		16		17		18						416		392.5		386.6666666667		379.25		351.6

		2002		MUD		10		11		12		12		13						154		215		248		220.75		239

		2002		SDC		10		11		11		11		11						589		580.5		553.6666666667		519.25		554.6

		2002		sdc		12		12		13		15		15						460		409.5		430.3333333333		393.5		372.4

		2002		SDC		12		12		12		12		14						740		433		464.6666666667		408.75		458.6

		2002		SDC		9		10		11		11		13						1071		1056.5		788.6666666667		789		722.8

		2002		SDC		10		13		13		15		15						1314		1072.5		873.3333333333		791.5		1151

		2003		MUD		12		15		16		16		16						935		757.5		678.3333333333		724.75		682.6

		2003		MUD		11		12		12		15		16						550		506.5		479.3333333333		535.75		559

		2003		MUD		15		17		17		18		18						1037		864.5		908		866.5		896.2

		2003		MUD		12		15		15		15		15						1139		948.5		1093.6666666667		1030.75		1012.4

		2003		MUD		15		16		18		18		18						298		208.5		214		191.5		202.4

		2003		SDC		13		15		15		15		15						985		1000.5		1117		1352.75		1287.4

		2003		SDC		12		12		14		15		15						595		617		687.6666666667		593.25		660.8

		2003		SDC		14		15		16		16		16						1166		843		886		883.5		943.2

		2003		SDC		13		13		16		16		16						1108		839.5		810.6666666667		779.75		788.8

		2003		SDC		11		12		13		13		14						554		501		469		493.25		469

		2004		MUD		12		16		16		17		17						1130		1290		1192		1256.5		1393.6

		2004		MUD		13		13		17		17		17						859		760		760.3333333333		705.25		786.8

		2004		MUD		12		12		13		13		15						942		1058		1269		1314.5		1280.8

		2004		MUD		11		14		14		17		17						835		935		1142.3333333333		1152		1278.2

		2004		MUD		14		14		14		15		15						411		230		245.6666666667		261.75		245.2

		2004		SDC		13		13		15		15		16						452		820.5		784		635.75		612

		2004		SDC		12		14		16		18		19						243		233		315.6666666667		347.25		382.8

		2004		SDC		14		15		18		18		18						490		364.5		406		348.25		335.6

		2004		SDC		11		14		14		14		14						289		403		351.3333333333		304		309.4

		2004		SDC		12		13		16		16		17						344		364		320		377.25		372.8

		2005		MUD		12		15		16		16		17						810		771		787.3333333333		850.5		875.2

		2005		MUD		14		17		19		19		19						777		719		753.3333333333		759.25		732.8

		2005		MUD		14		16		16		16		18						765		579.5		555		545.5		553.4

		2005		MUD		14		18		19		19		19						586		509		511.6666666667		530		569.8

		2005		MUD		14		17		17		17		17						530		493		494.6666666667		481.75		523.6

		2005		SDC		12		14		16		16		16						455		499		454.3333333333		415.75		396.8

		2005		SDC		8		13		13		14		14						441		606.5		690.6666666667		685.75		667

		2005		SDC		10		12		13		14		16						330		364.5		372.6666666667		404		426.4

		2005		SDC		11		13		13		15		15						477		435.5		378		469.5		410.2

		2005		SDC		12		13		15		15		16						641		491.5		648.3333333333		652.25		635.2

						10.375		11.9083333333		12.8583333333		13.5416666667		14.1333333333						653.4666666667		655.5791666667		651.0027777778		645.9625		648.2683333333

						2.3552640845		2.517154033		2.6514490515		2.6628342559		2.5665375209						513.0625125038		518.4851399207		501.6354290056		492.3357974467		478.7929602874





Channels difference values

				Species richness		Species richness										Abundance		Abundance

				Sp R 5		Sp R 4		sp R 3		SR 2		Sp R 1				Abund 5		Abund 4		3 Abund		2 Abund		1 Abund										log abund 5		Log Abun 4		LOG ABUND 3		LOG ABUND 2		LOG ABUND 1

		94		2		3		1		-2		-5				783.6		936.25		870		608.5		-299						94				0.3860601928		0.4818890455		0.4580283128		0.3920397503		-0.4630651903

		94		0		-3		-1		0		0				606.8		622.75		622		586.5		160						94				0.3361135777		0.3470327208		0.3458090097		0.3418179541		0.1071150523

		94		1		1		0		-2		2				125.8		240		163		158		45						94				0.055843116		0.1065647167		0.0757545625		0.0734852203		0.0239708313

		94		0		-1		0		2		3				462		245		549.3333333333		533.5		632						94				0.2368582601		0.1115899897		0.2940852513		0.2839816286		0.3578114416

		94		-2		-1		0		0		1				488.6		505		723.6666666667		851		1597						94				0.2335658808		0.2299366254		0.3358998539		0.3671041236		0.7961085333

		95		-1		-1		-2		1		0				673		767.5		784		998.5		1018						95				0.4885123699		0.518918536		0.497756703		0.6190735078		0.5847354073

		95		0		0		1		2		5				89.2		130.5		265.3333333333		283.5		1046						95				0.0715567041		0.100490865		0.2010575854		0.1809466944		0.5066966331

		95		-2		-5		-3		-3		-5				229.6		221.5		271.3333333333		195.5		254						95				0.2532711445		0.2668568103		0.3256383977		0.2516724182		0.3116663105

		95		8		9		9		7		2				251		264		184.3333333333		185		114						95				0.3372584185		0.3529841166		0.262825643		0.2881319876		0.1883257155

		95		-2		-2		-1		0		0				-7		0.5		104.3333333333		98.5		89						95				-0.0095273685		0.0006722826		0.1476503313		0.1757246111		0.1510288552

		96		4		4		3		0		0				3380.4		3721		3801		4163		4072						96				0.993605955		1.0274474448		1.0255750112		1.0552147288		0.896436835

		96		1		0		2		2		3				1142.6		1183.25		1245.3333333333		1044.5		847						96				0.5151162716		0.5029901794		0.5377984581		0.4659139044		0.4707220733

		96		1		0		0		2		0				1095.6		1119.5		1139		897		674						96				0.7578883817		0.7836962046		0.7794248422		0.735646323		0.590251366

		96		4		4		3		3		1				479		427		409.6666666667		358		240						96				0.201728058		0.1815101778		0.1711141092		0.1504103496		0.1124597106

		96		3		3		3		4		2				1326.4		1327.75		1409.3333333333		1398		1582						96				0.70942387		0.6698217938		0.732360283		0.6679105385		0.7002907184

		97		-1		2		2		2		0				272.6		487		77		-273		-467						97				0.093394558		0.1478555213		0.0283376017		-0.1310595801		-0.1874881174

		97		-1		0		0		0		0				-707		-715.25		-441.3333333333		-514.5		-230						97				-0.372264686		-0.3583888247		-0.2389283569		-0.2493043633		-0.1190910789

		97		-1		-3		-1		2		2				-1662.2		-2655.75		-1731.6666666667		-1535		-181						97				-0.4650299267		-0.6133377466		-0.4937301025		-0.4054298963		-0.0723165191

		97		-1		0		-4		-5		-3				-119.6		-152.25		-90.3333333333		-143.5		-124						97				-0.0984971191		-0.1063864745		-0.0655642205		-0.0925742584		-0.0890296155

		97		-5		-4		-4		-4		-4				-253.4		-100.75		-228.3333333333		-124.5		-41						97				-0.1784068843		-0.0540969031		-0.1603319426		-0.0814541049		-0.0342272608

		98		2		3		3		3		3				124.6		417		474		601.5		487						98				0.0906212108		0.2633006231		0.4395271395		0.4897534647		0.4299092147

		98		-6		-4		-3		-1		-5				284		322.75		208		112.5		233						98				0.3921589651		0.3987491276		0.2942333862		0.1531842472		0.4071075149

		98		-2		0		0		-1		-1				305.2		279		232.3333333333		173		45						98				0.3419886033		0.3214466371		0.2679038186		0.2017938149		0.0535376056

		98		-5		-4		-5		-3		-4				-82.4		65.25		-21.6666666667		62.5		118						98				-0.0656908551		0.0452094848		-0.0167007512		0.0474800093		0.0822396705

		98		4		7		4		2		-2				179.6		373.25		185		192		129						98				0.2462416382		0.4259081401		0.2662403038		0.272935315		0.1818896694

		99		-2		-3		-5		-5		-3				141.6		23		115.6666666667		54		-78						99				0.140924009		0.0178555498		0.1060187859		0.0469494745		-0.0636690799

		99		-3		-3		-4		-4		-4				-153.4		-377.75		-306.3333333333		-432.5		-352						99				-0.1205245356		-0.2161394217		-0.227472646		-0.3098248241		-0.2696613488

		99		1		0		1		3		3				552.2		541.75		655.6666666667		772		286						99				0.3669908723		0.2647995258		0.3695398331		0.39525917		0.2071254928

		99		-1		-2		-2		-1		-3				397.2		397.5		390.6666666667		353		223						99				0.4105566657		0.398678954		0.4007401117		0.3470508432		0.2112285658

		99		1		-3		-3		-5		-6				-389.8		-715.5		-376		-458.5		-815						99				-0.3093986054		-0.4607639138		-0.3045371034		-0.3430957248		-0.6254507315

		0		-4		-1		-2		-1		-1				-112.6		-47.5		-67		-36.5		-95						0				-0.1590442732		-0.0672749305		-0.1011977045		-0.0540329908		-0.1474460776

		0		0		0		-2		-2		-1				197.4		161.75		115		73		0						0				0.3122278955		0.2542623102		0.1649020366		0.1004565525		0

		0		1		0		-2		-4		-3				125.2		32.75		50.3333333333		-15.5		-26						0				0.1423444879		0.0364326002		0.0609048758		-0.0202947684		-0.0346553607

		0		-4		-5		-5		-4		-4				37.6		89		60		60		-68						0				0.0542131023		0.135651693		0.0845954949		0.0861385076		-0.0753334264

		0		-3		-2		-2		-1		-1				48.8		110.5		46.3333333333		65.5		-4						0				0.0912942385		0.1881776689		0.079600045		0.1034595139		-0.0057714402

		1		-5		-3		-2		-1		-1				-17.6		72.5		37		8		48						1				-0.017728767		0.0600695836		0.0359822906		0.0067793686		0.0304893221

		1		-3		-3		-4		-5		-4				-98.8		-98.75		-101		-109		-203						1				-0.1715257034		-0.144944077		-0.1457196722		-0.1436661691		-0.21820273

		1		-3		-2		-1		0		-2				309		509.75		328		290		691						1				0.2414227908		0.3753094461		0.2304125803		0.1643387019		0.3605948317

		1		2		1		1		1		4				287.4		161.5		149.3333333333		65		-33						1				0.3403587421		0.1790541823		0.1698602414		0.0752653195		-0.0357155523

		1		-1		-2		-1		-3		-1				-109.2		-225.5		-215		-340		-422						1				-0.1622990992		-0.2723848142		-0.268181084		-0.3902465373		-0.492760389

		2		-2		-2		-3		-4		-1				-545.4		-202		-423.6666666667		-552		-974						2				-0.2785500731		-0.1009708325		-0.287821599		-0.313547736		-0.5861713738

		2		0		0		0		0		-1				24		-5		129.3333333333		-169.5		61						2				0.0183661397		-0.0030359752		0.0910240345		-0.149652503		0.0427289769

		2		-3		-2		-1		0		1				-456.4		-569.25		-596.3333333333		-832.5		-949						2				-0.4324571758		-0.4847554076		-0.6111370672		-0.6720978579		-0.9402896739

		2		4		6		4		3		1				-107		103		-78		-40.5		-324						2				-0.1150977121		0.0973867068		-0.0796166914		-0.0425449928		-0.249682153

		2		-2		-3		-1		-1		-2				-133.4		-167.75		-182.3333333333		-194.5		-306						2				-0.1919630719		-0.1799506997		-0.2386136745		-0.2788594103		-0.4733692272

		3		0		0		0		0		-2				-260.6		-144.5		-207.6666666667		-85.5		-231						3				-0.140261942		-0.056847699		-0.1158406949		-0.0463868615		-0.0957950073

		3		1		0		-3		-3		-2				-728.4		-1364		-637.6666666667		-494		-435						3				-0.3618626891		-0.486002399		-0.3668990775		-0.295214907		-0.2527253161

		3		2		2		1		4		2				107.4		-46.25		97.3333333333		25		-71						3				0.0553721355		-0.0196835841		0.0491861724		0.0127293544		-0.0287341926

		3		0		0		1		3		0				351.6		146.5		406		331.5		544						3				0.1850541371		0.0639147004		0.2012728313		0.186506494		0.2816585916

		3		4		3		5		4		4				-266.6		-486		-255		-292.5		-256						3				-0.3637469093		-0.5129297141		-0.339659398		-0.3795196898		-0.2686217948

		4		1		2		1		3		-1				781.6		686		408		469.5		678						4				0.3569891864		0.2455919733		0.1817707869		0.1963186745		0.3973644029

		4		1		1		3		-1		2				477.4		530.75		409		357		570						4				0.4044942639		0.40209775		0.3346211123		0.2750032917		0.4721004533

		4		-1		-2		-3		-1		0				908		1408.25		949		694		598						4				0.5351809702		0.6590298563		0.5972986886		0.4626030957		0.4366925977

		4		-1		-1		-4		-1		-3				942.6		959.25		736.3333333333		570.5		345						4				0.5798243391		0.4521512467		0.4485784561		0.4083884674		0.2311247853

		4		-5		-4		-2		0		2				-137.6		2.25		-70		-3		168						4				-0.1928169218		0.0023454304		-0.1084918856		-0.0056038775		0.2275073897

		5		1		1		1		2		0				240		180.75		139		279.5		169						5				0.1390095841		0.0832002794		0.0842421925		0.1952110655		0.1014858261

		5		4		4		6		4		6				65.8		159.75		62.6666666667		112.5		336						5				0.0408012449		0.0800747857		0.0376664529		0.0737862142		0.2455573276

		5		1		0		3		3		3				143.2		75.75		177		144		288						5				0.1297701156		0.0604187009		0.1664355816		0.123817976		0.204800873

		5		3		3		3		4		2				169.4		80		57.3333333333		10		131						5				0.1540714434		0.0653077027		0.0515056361		0.0086001718		0.1096732586

		5		1		2		4		5		4				97.2		31.75		122		128.5		200						5				0.0889937684		0.0292479427		0.1227053559		0.1308395676		0.2052665273





Popnet dissims

																																														POPNET POWER

																																Popnet averaged by enclosures

						dissim averaged by billabong										popnet averaged by two random generated reps																CJM v's BUB		GTN v's SDS		GUL v's WIN												2 years before and after

						CJM v's BUB		GTN v's SDS		GUL v's WIN						CJM v's BUB		GTN v's SDS		GUL v's WIN										1994		37.7738786797		24.55942315										CHANGE IN Stdev		change		Avg b		Avg enclosure		each popnet

		1994		1		38.3		26.9						1994		40.3115356186		27.5454455815												1994		44.5712653349		19.356806943										0		0		0.05		0.05		0.05

		1995		2		42.9		42.4						1994		38.7750828694		30.7283336529												1994		45.5368109541		29.023223116										2		3		0.07		0.13		0.16

		1996		3		32.2		41.01						1995		46.6658332456		48.6981082253												1994		35.6795659235		42.4529857116										4		6		0.14		0.39		0.496

		1997												1995		39.9021909702		36.0753051471												1994		44.017399234		55.994780255										6		9		0.24		0.71		0.831

		1998		4		49.6		40.5		38.6				1996		28.0894239309		49.2664293875												1995		42.3882702567		47.0430312265										8		11		0.38		0.92		0.97

		1999												1996		35.6098262666		36.465739833												1995		39.3933858642		42.4631527809										10		14		0.54		0.99		0.998

		2000				56.01				35.08				1998		53.4462563538		45.518070786		40.8559304485										1995		42.4423183283		37.11888238										12		17		0.689		0.999		0.9999

		2001						28.8						1998		45.5292280149		38.0120983653		36.4662665852										1995		52.5913618778		46.3855165208										14		20		0.81		0.99996		1

		2002		1		37.4		41		51.5				2000		55.371653237				33.6539429407										1995		50.535202766		46.2645896923										16		23		0.89		1		1

		2003		2		51.1		40.8		34.4				2000		57.2306881738				38.5506233059										1996		37.0882866848		45.5150525941										18		25		0.95		1		1

		2004		3		56.9		51.6		23.3				2001				28.6456035058												1996		37.7849869014		52.8988998869										20		28		0.98		1		1

		2005		4		44.75		51.84		30.39				2001				42.3492998123												1996		36.1483388753		60.7002027603

														2002		36.5629925996		33.7933161128		57.6224496182										1996		40.7890817195		47.7306670821														3 yrs before and after

		Avg				45.4622222222		40.5388888889		35.545				2002		76.6156135804		50.4186482426		50.5774566499										1996		30.9376472775		33.725934964										CHANGE IN Stdev		change		Avg b		Avg enclosure		each popnet

														2003		51.2465384376		38.8747211063		33.7452852116										1997														0		0		0.05		0.05		0.05

		STDEV				8.5895267299		8.4989123487		9.40145042				2003		51.7485239086		44.9937831209		39.442979457										1997														2		3		0.09		0.18		0.22

														2004		56.3963527942		51.5363558918		29.6147521238										1997														4		6		0.21		0.55		0.67

						overall STDEV				9.2530571525				2004		56.8355451963		52.7690973857		24.8606006303										1997														6		9		0.42		0.88		0.95

														2005		52.5908868052		49.2410788832		36.4297368777										1997														8		11		0.65		0.99		0.998

														2005		40.9396827203		55.333586738		40.7763341521										1998		54.4937526167		60.9237874888		40.7003864346								10		14		0.83		0.999		0.99997

																														1998		41.566221696		51.4055860922		35.1570572022								12		17		0.94		0.99999		1

																														1998		66.9218485647		59.6272658676		34.2653165186								14		20		0.98		1		1

														average		47.9926585957		42.2369456543		38.5496965001										1998		42.7620696706		68.11520219		63.429576743								16		23		0.996		1		1

																								overalll STDEV						1998		57.6567256493		62.0705462372		37.6609061866								18		25		0.9994		1		1

														StDev		11.1949718446		8.7420502526		8.7522556458				10.2712629384						1999														20		28		0.9999		1		1

																														1999

														n		18		18		12										1999																		4 yrs before and after

																														1999														CHANGE IN Stdev		change		Avg b		Avg enclosure		each popnet

																														1999														0		0		0.05		0.05		0.05

																														2000		60.6901652533				34.3291710192								2		3		0.11		0.23		0.28

																														2000		59.2839255741				42.6256110261								4		6		0.29		0.68		0.791

																														2000		63.8755704051				39.0823370688								6		9		0.56		0.95		0.97

																														2000		58.3869508256				31.8155311818								8		11		0.81		0.998		0.9998

																														2000		57.2162791271				40.9160333721								10		14		0.94		0.99998		1

																														2001				39.0197905871										12		17		0.988		1		1

																														2001				48.1587044444										14		20		0.999		1		1

																														2001				37.3265307406										16		23		0.9999		1		1

																														2001				43.6859630402										18		25		0.99999		1		1

																														2001				47.3628639559										20		28		1		1		1

																														2002		70.9454607313		50.8915731925		91.7372132635

																														2002		95.3791049672		35.661350893		52.3944445951												5 yrs before and after

																														2002		60.0321309766		61.8116445723		91.3014567707								CHANGE IN Stdev		change		Avg b		Avg enclosure		each popnet

																														2002		88.1917057618		51.9083950467		50.8660160073								0		0		0.05		0.05		0.05

																														2002		80.0911744689		84.4105588376		51.0465554503								2		3		0.13		0.27		0.34

																														2003		45.0753224258		45.3703413105		55.3246220338								4		6		0.37		0.77		0.87

																														2003		61.5412317256		47.1097455691		36.0712026027								6		9		0.68		0.98		0.997

																														2003		50.2518157661		47.2926989653		53.7241201283								8		11		0.898		0.9997		0.99999

																														2003		45.5248683331		41.9430690851		35.8949043079								10		14		0.981		1		1

																														2003		64.89007514		32.6889082187		43.0864571981								12		17		0.998		1		1

																														2004		50.851915208		59.4098535677		29.1107596076								14		20		0.9999		1		1

																														2004		60.8842886118		68.9344760521		33.1687027781								16		23		1		1		1

																														2004		53.1777048211		55.8302138346		37.3549727267								18		25		1		1		1

																														2004		50.6910550812		46.5620201961		37.3227920183								20		28		1		1		1

																														2004		73.0723993875		61.6565155389		31.8203559067

																														2005		73.5225691233		49.4308049844		51.6651417292

																														2005		45.9949545948		63.6209677948		62.4330771648

																														2005		52.2767276548		60.0717946832		26.6705811637

																														2005		50.0049540976		38.1038554339		45.1524475956

																														2005		49.1386113356		78.7356668199		55.8037273582

																														Average		53.3793195616		49.5638632068		45.7310492387

																														StDev		14.0775857936		13.1598254672		15.8010641242

																														n		45		45		30
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