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Foreword

Under the National Forest Policy Statement signed by Tasmania in April 1995, the Tasmanian and Commonwealth governments agreed to a framework and a joint scientific and public consultation process for a comprehensive regional assessment (CRA) of Tasmanian forests leading to negotiation of a Regional Forest Agreement (RFA) for Tasmania. 

The CRA information is being gathered in two separate assessment processes: 

a social & economic assessment which covers issues such as social impacts, forest resources including wood, mineral and other resources, forest uses such as tourism and apiculture, and industry development options; and 

an environment and heritage assessment which covers issues such as cultural heritage, biodiversity, endangered species, old growth, wilderness, national estate and world heritage. 

This report is one of a series of reports being produced for the environment and heritage assessment component of the CRA.
Executive Summary 

A single data set containing data on Tasmanian stream macroinvertebrate community composition and related environmental data was prepared. The data set consisted of two existing data sets derived from the National River Health Program Monitoring River Health Initiative and a project funded by the Electricity Supply Association of Australia and the HEC (Tasmania), comprising samples from a total of 136 sites, and a data set derived from CRA funded sampling of 171 additional sites. All sites were `least disturbed' reference sites and were sampled in autumn 1996 only at riffles using the same, rapid assessment sampling protocol with live-picking and identification to family level. Following elimination of sites suspected to be disturbed by human impact, a final data set was compiled containing 271 sites and 89 taxa. This was used in cluster/classification analyses to determine site groups based on macroinvertebrate community compositional similarities. Five groups of stream sites were derived. Discriminant function analysis was used to develop relationships between group membership and environmental variables prior to species modelling in the CRA Species Modelling Project. Key data gaps were identified, the principle ones being the need for identification of the data set to species level, additional sampling in the south western World Heritage Area and in small (Class 4) streams, and the need for sampling of other stream habitats. Key recommendations included the development of regional RIVPACS models for monitoring the impact of forestry operations on stream fauna.
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Introduction

As part of the Comprehensive Regional Assessment (CRA) within the Tasmanian Regional Forest Agreement (RFA) process, a biodiversity assessment of Tasmanian stream macroinvertebrates was conducted, following the accepted process of data audit, data acquisition and species (or taxon) modelling. In addition, distributional data on stream macroinvertebrates would be highly beneficial as a basis for developing a biomonitoring/bioassessment framework for assessing the impact of forestry operations on stream ecosystem health and biodiversity. A single 'layer' of data on macroinvertebrate community composition collected in a standardised manner from within a single season was required, accompanied by relevant environmental data appropriate for modelling of taxon (species, family) distributions. 

Three sets of data were already available for this process, all collected using standardised sampling protocols implemented nationally under the National River Health Program (NRHP, Davies 1994, Schofield and Davies 1996). 

The NRHP, under its Monitoring River Health Initiative (MRHI) has funded a $5 million development of a river health bioassessment protocol based on macroinvertebrate data collected from some 1500 sites nationally. All of these sites are classified as reference sites i.e. sites selected as representative of a 'least disturbed' (ie natural or quasi-natural) condition. These data consist of a single sample of macroinvertebrates taken from specific habitats by a rapid assessment sampling technique. The sampling and sample processing protocols are specified (Davies 1994) and consist of kick or sweep net sampling with a 250 µm mesh net, followed by either a 30 minute 'live' pick of the sample in the field or a laboratory pick of a preserved sub-sample. All macroinvertebrates are identified essentially to family level (see Methods). 

The MRHI has resulted in some 100 reference sites being sampled in Tasmania at both riffle and edge habitats, using the rapid assessment protocol, with live pick sorting. This sampling was conducted by staff of the Land and Water Resources Division (LWRD) of the Department of Primary Industry and Sea Fisheries. Eighty-two of these reference sites were sampled in Autumn (March - May) 1996 by LWRD staff, under MRHI funding. Simultaneously, some 54 additional reference sites were also sampled at riffles, under a joint Tasmanian ESAA-HEC (Electricity Supply Association of Australia, Hydro-Electric Commission) project which is examining the impact of hydroelectric power stations and dams on river habitats and macroinvertebrate communities. 

The spatial coverage of these 136 NRHP and ESAA-HEC reference sites was restricted, however, to the northern, central and western part of Tasmania (see Figures 1 and 2). Thus while there was a systematic data set for these parts of the state, no data existed for the eastern and southern regions. Site density was also low in forested regions of the northeast and northwest. 

Preliminary classifications of both the NRHP and part of the ESAA-HEC sites using the macroinvertebrate data indicated that site densities at least as great as used in these surveys were required to adequately classify stream sites on the basis of stream macroinvertebrate community composition. It was therefore estimated that data from some 160 additional reference sites were required to adequately allow modelling of the biodiversity of Tasmanian stream macroinvertebrates in forested regions of Tasmania outside the World Heritage Area (WHA). An additional 40 sites needed to be sampled in order to adequately characterise the stream fauna of the southern WHA. 

To address this data gap, 188 sites were identified that could be classified as reference sites under the definition applying in the NRHP (Davies 1994), to provide data for the south and east and some areas of the northwest and northeast. thirty-two additional reference sites were also identified in the World Heritage Area (WHA), mostly in the southern WHA (the Southwest and the Franklin-Gordon Wild Rivers National Parks), as data were particularly sparse in this region. Eight sites were also proposed to fill the gap in data that existed for the area west of the Franklin-Gordon Wild Rivers National Park (south and immediately north of Macquarie Harbour, see Figures 1 and 2). 

A single snapshot survey of these sites was therefore initiated, under RFA funding, in Autumn 1996. The MRHI rapid assessment - live pick protocol (Davies 1994) was again used for macroinvertebrate sampling at riffles and for measuring environmental variables at each site (see Methods). 

The primary objectives of the project were: 

1. To sample reference stream sites for macroinvertebrates in autumn 1996, using the National River Health Program rapid assessment protocol; ;
      

2. To process all samples in accordance with that protocol; ;
      

3. To combine the new data set with the two additional data sets (NRHP, ESAA-HEC), after assessing the quality of the data; ;
      

4. To provide the data for the species modelling component of the CRA; 
     

5. To perform classification/clustering on the combined data set and to select site groups and relevant discriminatory environmental variables in preparation for modelling; ;
      

6. To identify any data gaps and needs for further work (analysis, survey etc.) for biodiversity assessment and modelling of stream biota. 

The primary objective of this project was to supply aquatic fauna data for species modelling under the CRA. Sampling was to reflect the 'natural' distribution of macroinvertebrates (ie without substantial human impact). The NRHP definition of reference sites therefore matched this requirement well. A secondary objective was also to provide a state-wide layer of data from reference sites in order to develop a facility for monitoring and assessing the impact of forestry operations on stream invertebrate communities. The NRHP's MRHI is primarily focussed on the development of a national RIVPACS (River Invertebrate Prediction and Classification Scheme) system for Australian rivers (in all states and territories). 

The RIVPACS approach, originally developed in the UK (Wright et al. 1989, Metcalfe-Smith 1996), allows the prediction of an expected macroinvertebrate community composition at a monitoring (or 'test') site (see Figure 3). The predictive models are developed from a database of macroinvertebrate community compositional data (typically presence/absence data at family or species level) collected from reference sites using a uniform rapid assessment technique. The sites are classified into groups using TWINSPAN or UPGMA clustering of the macroinvertebrate data after transformation to matrices of dissimilarity. The groups are then discriminated by Discriminant Function Analysis (DFA) which develops discriminant functions from those environmental variables which maximise the discrimination between the site groups. 

These functions (or equations) are then used as the basis for predicting the fauna at a new site in the RIVPACS model. The values of the new site's environmental variables are entered into the model which then assigns the site to each site group with a given probability of membership. The probability of occurrence of each taxon at the new site is then calculated from the sum (over all reference site groups) of the probability of the site's group membership times the probability of occurrence of the taxon in that group. From this a list of predicted (or 'expected') taxa is developed. 

The RIVPACS approach then calculates a ratio of the number of observed to expected taxa (the O/E ratio) for all taxa predicted above a given probability level (say 50% => the O/E50). The observed taxa are those taxa found at the new site from sampling using the same protocol. The O/E ratio forms the basis of bioassessment (Metcalfe-Smith 1996), with O/E ratios ranging from 0 to 1.2, and typically divided into bands which describe the 'degree of impact' on the site (as departure from the reference biological condition). RIVPACS is therefore a powerful tool for assessing the ecological health of a stream site (as measured by changes in taxonomic composition) and can be used for ambient monitoring, generalised surveys or screening for biodiversity hotspots. For example, those sites for which O/E50 is = 1.2 are considered biological 'hotspots' and worthy of significant protection (Wright et al. 1989). 

The current project therefore has the secondary aim of collecting macroinvertebrate data from a wide range of reference sites throughout the state, and performing the preliminary steps in developing a RIVPACS model - the classification of reference sites into groups and the identification of predictor variables and associated discriminant functions for making predictions. The final development of the RIVPACS models is not, however, part of this project, and would need to be developed in a second stage, depending on the need for stream biomonitoring in forest areas. Such an approach is being advocated at a regional level for monitoring forest areas subject to Regional Forest Agreements in Victoria (Tim Doeg, DNRE, pers. comm.). 

Figure 1: Map of Tasmania showing the distribution of stream sites sampled in autumn 1996 as part of the National River Health Monitoring River Health Program (NRHP) Monitoring River Health Initative (MRHI) 

Figure 2: Map of Tasmania showing the distribution of stream sites sampled in autumn 1996 as part of the ESAA - HEC study on hydroelectric impacts on stream fauna 

Figure 3: RIVPACS river bioassessment protocol - development and use
Methods

2.1 Reference site selection
2.2 Environmental variables
2.3 Macroinvertebrate sampling
2.4 Macroinvertebrate Identification
2.5 Data analysis
2.6 Macroinvertebrate diversity
2.7 Quality Assurance
Sites from all data sets were sampled using the NRHP protocol as detailed in the River Bioassessment Manual (Davies 1994). 

2.1 Reference site selection

The first stage under the protocol is to derive a list of rivers that are documented as being free from pollution, encompassing as wide a range of physical and chemical (natural water quality) conditions as is practicable. Near-pristine rivers/reaches are used preferentially, but in many areas insufficient of these are available to generate a large enough or relevant database. Where this is the case, sites are selected in relation to stream reaches subject to known or perceived impacts of most concern in the catchment. This protocol was used to draw up a list of `least disturbed' sites for the purposes of CRA funded sampling, and to select sites from the existing data sets. The flow chart for the process of reference site selection is shown in Figure 4, with an accompanying list of criteria for site selection shown in Appendix 1. 

Since the primary aim of this project was to provide data that would assist in the assessment of biodiversity for the development of the CAR reserves system, it was particularly important to select sites that were unimpacted by development. Sites that were severely or potentially degraded by other land uses were also excluded. This exclusion was based on personal knowledge of stream catchments, combined with 'ground truthing' of potential reference sites suspected of being impacted. Sites with significant evidence of localised pollution, channel or riparian degradation (eg from stock access and clearing) were excluded from analysis. Notes on site condition were kept for all sampled reference sites, for further use in screening for human impact. 

2.2 Environmental variables

A suite of 34 environmental variables were recorded for each sample site (Table 1), using a standard field inventory sheet (see Appendix 2). Each of the physical and biological variables chosen were considered significant in determining macroinvertebrate community composition at stream sites, and included those variables required under the MRHI Bioassessment Protocol (Davies 1994). It included variables describing relevant characteristics of the catchment, channel, substrate, and riparian and instream vegetation as well as flow-related and water quality variables. 

Most site-derived variables related only to the actual riffle sampled. Several variables measured characteristics of an entire 100 m reach (50 m upstream and downstream of the sampled riffle). Temperature, conductivity and velocity were measured using appropriately calibrated field meters. Water samples were taken at all sites at the time of sampling (with the exclusion of several ESAA-HEC study sites) and kept chilled until transferred to the Government Analytical and Forensic Laboratories 

Figure 4: Protocol for reference site selection 
(Newtown, Hobart) for analysis. Other variables were calculated from 1:100 000 TasmapsR. The suite of environmental variables was common to all sites sampled in each of the three sampling programs (MRHI, ESAA-HEC, CRA). 

All data was checked, as described below under Quality Assurance, and the combined data set supplied, with explanatory notes, to the Tasmanian Parks & Wildlife Service in October 1996 for incorporation into the CRA species modelling project.

Table 1: Environmental variables quantified for each reference site sampled. 

Map based variables 

Tasmap 1:100,000 series 

Easting* & Northing* Obtained using TASMAP 1:100 000, correct to within ±50 m 

Elevation* Altitude of site (m) obtained using TASMAP 1:100 000 

Bedslope* Calculated using rise (vertical distance between nearest upstream and downstream contours) divided by run (longitudinal distance between same contours), generally using TASMAP 1: 100 000 

Stream class* Stream order as defined by Strahler (1964) 

Distance from source* Distance of site from stream source (km) 

Catchment size* Area of catchment (km2) 

Site derived variables 

Category variables: Categories used: 0% = 0, less than 10% = 1, 10 - 25% = 2, 25 -50% = 3, 50 -75% = 4, 75-100% = 5. 

Bedrock* Proportion of riffle substrate as bedrock, as categories 

Boulder* Proportion of riffle substrate as boulder (>256 mm diameter), as categories 

Cobble* Proportion of riffle substrate as cobble (64-256 mm diameter), as categories 

Pebble* Proportion of riffle substrate as pebble (16-64 mm diameter), as categories 

Gravel* Proportion of riffle substrate as gravel (4-16 mm diameter), as categories 

Sand* Proportion of riffle substrate as sand (1-4 mm diameter), as categories 

Silt Proportion of riffle substrate as silt (<1 mm diameter), as categories 

Algal Cover Algal cover of riffle substrate, as categories 

Silt Cover Silt cover of riffle substrate, as categories 

Detrital Cover Detrital cover of riffle substrate, as categories 

Temperature Temperature at time of sampling (°C) 

Conductivity* Water conductivity at time of sampling (µs/cm -1) 

Velocity* Maximum velocity of stream flow in riffle (m/s) 

Aquatic plant cover Amount of aquatic macrophyte cover in riffle as rank: 0=nil, 1=sparse, 2=moderate and 3=extensive 

Overhanging vegetation Area of bank vegetation overhanging the stream as rank: vegetation 0=nil, 1=sparse, 2=moderate and 3=extensive 

Trailing bank vegetation Area of bank vegetation trailing in stream as rank: 0=nil, 1=sparse, 2=moderate and 3=extensive 

Average riparian Cover and depth of riparian vegetation, as rank: 0=nil, vegetation 1=sparse, 2=moderate and 3=extensive 

Stream riffle water depth* 1 = <25 cm, 2=<50 cm, 3=<100 cm, 4=<150 cm, 5 =<2cm 

Stream flow 0=no flow, 1=low flow, 2=moderate flow, 3= high flow 

Stream reach width* Mean of 3 bankfull widths taken at 0 m, 50 m upstream and 50 m downstream (m) 

% riffle area* Proportion of 100 m stream reach as riffle(%) 

% run area* Proportion of 100 m stream reach as run (%) 

% pool area* Proportion of 100 m stream reach as pool (%) 

% snag area* Proportion of 100 m section of stream reach covered by snags (%) 

Water quality variables: Analysed by the Government Analytical and Forensic Laboratories, Newtown 
pH* Measured from water sample taken at time of sampling 

Alkalinity* Measured from water sample taken at time of sampling (mg-Ca/L, detection limit 1 mg /L) 

Nitrate nitrogen Measured from water sample taken at time of sampling (mg-N/L, detection limit 0.005 mg/L) 

Total phosphorus Measured from water sample taken at time of sampling (mg-P/L, detection limit 0.005 mg/L) 

* = 'conservative' variables used in Discriminant Function Analysis (see below). 

2.3 Macroinvertebrate sampling

Macroinvertebrates were sampled only from riffle habitats. A riffle was defined as an area of relatively steep and broken water, usually running over a stony substrate. Sampling was done using a standard 250 µm mesh dip net (dimensions 25 x 35 x 70 cm, height x width x depth), washed before use and again after sample collection. The substratum was disturbed while the net was held downstream with its mouth facing upstream. The substratum was kicked over and stones were turned and rubbed, by hand if necessary. Boulders too heavy to turn were rubbed thoroughly by hand or scrubbed with brushes. This process was continued working upstream over a total distance of ten metres, covering both the fastest and slowest flowing sections of the riffle. 

All samples were picked live. Thus, the contents of the kick net were emptied into a sorting tray and the sample picked for a total of 30 minutes using forceps and a pipette into a vial of 100% ethanol. An attempt was made to obtain samples with as full a list of taxa as possible, avoiding the selection of large or colourful taxa and with representative rank abundances. The preserved picked material was identified and counted in the laboratory. 

Most sites were accessed successfully by road or vehicular track. Where pre-determined locations were not readily accessible, or did not adhere to the reference site criteria listed in Appendix 1, the sampling location was moved upstream to a point that satisfied those criteria. Where sites were accessed from road crossings, sampling was always conducted upstream of the access point. A number of sites were accessed by helicopter. These are indicated in the site descriptions in Appendix 3. 

2.4 Macroinvertebrate Identification

The contents of sample jars were tipped into a large petri dish, and placed under a stereo microscope. All organisms were identified to family level with the exception of the worms Nematoda, Hirudinea, and Oligochaeta, the crustaceans Branchiura, Copepoda, Ostracoda, Syncarida and Collembola, and also Tardigrada, Mecoptera, Hydrozoa and Hydracarina, all of which were not identified further. Keys used for identification are listed in Hawking (1993), apart from those used for: Ephemeroptera (Suter 1995), Odonata (Hawking 1995), Coleoptera (Lawrence 1995), Trichoptera (Dean et al. 1995), Mollusca (Smith 1996) and Hemiptera (Lansbury and Lake in press). 

Data collation and analysis 

MRHI macroinvertebrate and environmental data were obtained from LWRD as an AccessR database, which was downloaded to a spreadsheet format and edited. ESAA-HEC data were already in ExcelR spreadsheet format. All files were edited to a standard row (site) by column (taxon) format for biological data and to a standard row (site) by column (variable) format for environmental data. 

New data collected from the additional sampling conducted under the current project was entered into two ExcelR 5.0 spreadsheets with the standard formats. All macroinvertebrate data were combined into one standard format spreadsheet, and all environmental variables were combined into one standard format spreadsheet. All data was checked as described below under Quality Assurance. This combined and checked data set was supplied, with notes, to the Parks and Wildlife Service in October 1996. 

2.5 Data analysis

Screening for impacted sites 

The entire data set was reviewed prior to analysis by eliminating all reference sites suspected of being impacted from human activity, based on field observations (including the site field notes). A preliminary site cluster analysis was preformed (as described below) to ascertain the presence of outliers and the placement of the suspected sites within the cluster dendrogram. Suspect site data were eliminated from the data set prior to further analysis. 

The use of the NRHP MRHI protocol in the choice of reference sites and the subsequent screening of reference sites ensures that only "least impacted" sites were used for the final analysis. This attempts to ensure that the final site groupings are based on true habitat differences rather than due to the influence of human impact. 

Screening for 'rare' taxa 

Prior to performing all classification/cluster analysis, the macroinvertebrate data was screened for 'rare' (infrequently occurring) taxa. This was done in order to eliminate the recognised influence of a large number of taxa of infrequent occurrence (common to all invertebrate community data sets) on the resulting classification. Such screening has been adopted within the National River Health Program in order to minimise the influence of random noise on classifications/clusters prior to identification of groups. All taxa occuring at less than 5 sites in the data set were eliminated prior to further analysis. The NRHP criterion of 5% of sites for data sets with >200 sites was felt to be too conservative and would eliminate a large proportion of the data set. Dissimilarity matrices, clustering and classification 
The resulting biological data set was transformed to presence/absence data and to rank abundance (within sites) using the TRND routine in the PATN software package (Belbin 1993) and separate Bray Curtis dissimilarity matrices developed from these two transformed data sets data using ASO in PATN. 

The Bray Curtis (BC) Dissimilarity index is defined as follows: 

S (| xi-yi |) / S (xi + yi) where xi and yi are the abundances of 

i=1 to k i=1 to k taxon i in sites x and y, and k = total 

number of taxa at the sites. 

This index gives an unweighted measure of the dissimilarity of community composition between two sites. It is zero if the sites are identical and 1.0 if the sites are completely dissimilar. 

All sites in these final data sets were clustered by unweighted paired group mean averaging (UPGMA, using FUSE in PATN) of each Bray Curtis dissimilarity matrix. The resulting dendrograms (plotted using DEND in PATN) were examined to identify groups of sites, assisted by graphical examination of HMDS ordinations (using SSH in PATN) of the sites. This was also assisted by developing a two-way table of site by species occurrences (using GDEF, TWAY and GSTA in PATN) and inspecting the relationship between group identity and taxon presences. In order to do this, a cluster analysis was performed on the taxa by transposing the final data set (after transformation to presence/absence data) and developing a similarity matrix using the two-step similarity measure (with ASO in PATN) and performing a UPGMA cluster analysis (with a strong ß value of -0.25). 

Once site groups were identified, GDEF (in PATN) was used to formally identify those sites within each group. 

Groups were identified by selecting mean BC values which conformed to the following criteria: 

· four or more groups were produced; 

· mean BC values were > 0.5 in order to be well above the range potentially influenced by error in live-picking; 

· a minimum number of replicates in each group of 6. 

The second criterion is based on both Tasmanian and national case studies. Analyses of BC dissimilarities between live picks and the whole sample from which they are derived for riffle samples in western Tasmania indicated a mean BC of 0.3, ranging up to 0.4 for both presence/absence and rank abundance data (Davies et al. 1996), consistent with findings at a national level in the MRHI (C. Humphrey, ERISS pers. comm.). Thus, any definition of groups from live-pick data must be made at a mean BC value above 0.4, preferably above 0.5. 

The presence/absence data was also classified using two-way indicator species analysis, (TWINSPAN in PATN; Hill 1979, Gauch and Whittaker 1981). Two cut levels were identified and used to assign group membership prior to further analysis. 

The final environmental data set was screened prior to use in Discriminant Function Analysis (DFA). Only variables considered to be unaffected by human impact (`conservative' variables) were used in the DFA. A subset of 22 conservative environmental variables was selected (see variables marked with asterisks in Table 1) for the DFA of the relationships between groups and environmental data. Thus, environmental variables describing riparian condition, silt cover or substrate, algal or moss cover, were included in the DFA. In addition, only conservative water quality variables (ie those unlikely to be significantly affected by human activity) were included in the DFA ie alkalinity, pH, conductivity. This was done for two reasons - to avoid use of variables that could not be readily derived from maps and to avoid confounding of any future RIVPACS predictions due to changes in water quality and habitat/biological variables resulting from human impact. 

Environmental data were transformed prior to DFA after inspection of probability plots. All percentage variables were arcsine(vx+1) transformed. All other variables were ln(x+1) transformed, with the exception of pH, grid references and all category variables. 

The reference site environmental data set, to which site group identifiers were added, were analysed by both backward automatic and interactive stepwise discriminant function analysis (with an F-to-remove and F-to-add criterion of 1.5) using the SYSTATR 6.0.1 for PC statistical package. The overall canonical correlation coefficient, Pillai's trace and Wilks' lambda were calculated to ascertain the degree of discrimination provided by the final choice of environmental variables. Group assignment of individual reference sites was also checked to ascertain the classification error rate. The classification error rate was also checked using the Jacknife classification in SYSTATR (equivalent to site by site cross-tabulation). An overall error rate of = 40% in classification and Jacknife cross-tabulation was considered acceptable (as used in the National River Health Program, R. Norris, CRC for Freshwater Ecology, pers. comm.). 

2.6 Macroinvertebrate diversity

Macroinvertebrate diversity, here defined as taxon richness (number of taxa), was assessed for each sample in the final reference site data set. Distribution of taxon richness was examined graphically using normal probability plots (SYSTATR). 

The relationships between number of taxa and environmental variables were examined by correlation and multiple linear regression (CORREL and MLINREG in SYSTATR 6.0.1 for PC). Sites with high biodiversity were identified as being those in the upper ten percentile of the data set and the environmental characteristics of those sites were also determined. Differences in environmental characteristics between high diversity sites and other sites were examined by non-parametric analysis of variance (Kruskal Wallis test using the Mann-Whitney U statistic, in SYSTATR). Sites of low diversity were also defined as those in the lowest ten percentile of the data set. 

2.7 Quality Assurance

Environmental data 
Field recording of habitat data was subject to periodic random cross-checking and inspection to ensure uniformity of technique. Water quality data were subject to the NATA quality controls used by the Government Analytical and Forensic Laboratories, and these data were checked for consistency, where possible, against those from previous sampling occasions. Grid references were determined using 1: 100 000 series Tasmaps and checked and corrected by re-examination of all site co-ordinates using a desktop mapping software package (MAPinfoR). Estimated accuracy for location of all sites is plus or minus 50 m. 

Biological data 
Invertebrate identifications were subject to the same quality assurance procedure as used for the NRHP Monitoring River Health Initiative. Checking of taxonomic identification and enumeration in a subset of samples was conducted by an independent aquatic invertebrate taxonomist, Dr. John Hawking of the Murray-Darling Freshwater Research Centre, Albury, NSW. The process involved re-identification and re-enumeration of all invertebrates from 10% of the CRA and ESAA-HEC samples, which included a number of randomly selected samples from each operator. Criteria for assessment were % new taxa, % incorrectly identified/counted and a BC dissimilarity index. If the percentages were <10% or the index was < 0.1, the samples were deemed to pass the checks. 

For the MRHI autumn 1996 data, the quality assurance procedure from the season of interest was not completed in time to include in this report. Sampling operators, sites and methods had, however, remained unchanged under the MRHI since its sampling program commenced in late 1994, and the results from the spring 1995 sample quality check (performed as described above) were therefore provided.
Results

3.1 Site sampling
3.2 Quality Assurance
3.3 Data analysis
3.4 Diversity
3.1 Site sampling 
Of the total of 222 new sites selected from maps and following limited ground-truthing, a total of 171 new sites were successfully sampled under the CRA component during the period 10 April to 5 July 1996 (all sampling ceased as of 5 July due to project time and `seasonal' constraints). Of the sites sampled, three sites were re-located to neighbouring streams for various reasons. 29 additional sites planned for sampling within the WHA could not be sampled due to early winter rains and sustained high river levels. The remaining 22 sites could either not be readily accessed by road or foot (6 sites), did not have suitable riffle habitat within the reach (9 sites), could not be accessed by helicopter due to the nature of the site or mechanical failure (4 sites) or could not be sampled due to flooding or insufficient time (2 sites). 

All samples were live-picked in the field and identified in the laboratory by three experienced operators and entered onto the standard database (see Methods). Data from the two other projects (ESAA-HEC, MRHI) were successfully edited and merged into one database with the new CRA data. This resulted in a `raw' data set comprising 307 sites and 91 taxa. Figure 5 displays all sites in the final raw database. 

3.2 Quality Assurance

Results of the quality assurance for taxonomic identification are attached in Appendix 5. All samples processed by Freshwater Systems staff (the CRA funded survey samples) passed the three criteria. Several 1995 MRHI samples processed by LWRD staff failed the criteria, but only due to the lack of identification of chironomids to sub-family level. This error was corrected and all chironomids in 1996 samples were processed to sub-family. 

All environmental and biological data were checked after entry onto the database, as indicated in the Methods section. Few errors were detected, and these were subsequently corrected. 

3.3 Data analysis

Site screening 

Following examination of field notes and the preliminary UPGMA classification of all site macroinvertebrate data (as Bray Curtis matrices calculated from both presence/absence and rank abundance data), 36 sites were classed as being potentially or actually impacted by human activity and eliminated from the data set. These sites are shown in Appendix 3, accompanied by the reasons for their elimination. This final data set contained 271 sites and a total of 89 taxa. 

. Figure 5: Map of Tasmania showing the distribution of all stream sites for which macroinvertebrate and environmental data were collected and used in the CRA project on stream macroinvertebrates 
Biological data 

The raw biological data from all sites is shown in Appendix 4. The number of taxa found in each sample ranged from 6 to 29 with a mean of 17, and had an essentially normal distribution. The distribution is shown in Figure 6. The normal probability plot was essentially linear, with no significant outliers. 

Data transformation and re-scaling 

Clustering, classification and discriminant function analyses were conducted on four types of data - presence/absence data and rank abundance data derived from the final data set and presence/absence and rank abundance data derived from the final data set after rescaling to the uniform abundance. Transformation of biological data to presence/absence and rank abundance (within sites) was performed using the TRND routine in the PATN software package (see below). 

The procedure and rationale for rescaling is as follows: 

The total abundance of macroinvertebrates in samples within the final data set ranged from 37 to 393 individuals. This was recognised as being potentially a problem due to the well established strong relationship between taxon richness and abundance in stream macroinvertebrate samples (Norris et al. 1996). In the MRHI program, the accepted minimum number of individuals for adequately describing the taxonomic composition at a riffle site (at either species or family level) for the purposes of developing a robust classification and taxon models is ca. 100 (Norris and Davies pers. comm.). Analyses of taxonomic composition following random re-sampling of macroinvertebrate data sets showed that there were no significant differences between samples when rescaled to total abundances between around 80 and 120 individuals, with Bray Curtis dissimilarity indices all < 0.15 (Davies unpub. data). 

The final data set was therefore transformed by: 

· using only those samples with abundances > 80 individuals; and 

· rescaling all samples with abundances > 120 to abundances of 100. 

Re-scaling was conducted using an ExcelR macro developed and described by Walsh (1996). This macro emulates the box sub-sampler designed and described by Marchant (1989), widely used in stream macroinvertebrate studies. The macro converts a sample list of taxa by abundances to a list of individuals, randomly sub-samples the list to a predetermined level and re-constructs a new re-scaled sample list. This process, therefore, preserves the compositional structure of the data and is preferable to simple arithmetic re-scaling and elimination of taxa of low abundances, which causes severe biases in data characterised by long `tails' of species at low abundance. This macro was used to re-scale all sample data and reconstruct a site by taxon data set for all sites with abundances > 80 individuals for further analysis. This resulted in a data set with 222 sites and 89 taxa. 

Figure 6: Plots of frequency (A) and normal probability (B) distributions of the number of taxa in the entire raw macroinvertebrate data set. 
Screening of 'rare' taxa 

The data was screened for 'rare' (infrequently occurring) taxa, with all taxa occurring at less than 5 sites in the data set were eliminated prior to further analysis. This reduced the number of taxa from 89 to 43 and to 53 in the final and rescaled data sets, respectively. 

Environmental data 

A suite of 34 environmental variables (22 of them designated 'conservative' - see Table 1) was successfully constructed for all sites. Re-working of the MRHI data for several variables was required to ensure consistency of variable scales. Water quality data for the MRHI and ESAA-HEC studies were incomplete at the time of report writing due to delays in performing analyses. This was not considered a problem, as a number of water quality variables were not used in subsequent analyses. 

The raw environmental data set, shown in Appendix 6, was submitted to the Parks and Wildlife Service in October 1996. 

Clustering and Classification 

UPGMA clustering was performed on the BC matrices calculated from the final biological data set, both as presence/absence and rank abundance. 

Dendrograms resulting from UPGMA clustering of rank abundance data were consistently low in BC values with all groups separating at BC values of < 0.4. This lack of discrimination, coupled with the values falling in the range known to be influenced by live-pick error (see Methods) resulted in abandoning the use of rank abundance data for developing site classifications. 

The final dendrogram developed from UPGMA clustering of presence/absence data is shown in Figure 7. A ß value of -0.1 was used, as higher ß values resulted in essentially similar site associations, but with excessive clumping. Three groupings were identified at successively lower mean BC values , as indicated, each with 4, 5 and 9 members (see Table 2). Lower mean BC values resulted in the rapid proliferation of groups, many with insufficient replicates (sites). 

A dendrogram was also produced by UPGMA clustering of a dissimilarity matrix of taxa from the final data set (transformed to presence/absence), and groups assigned in the same way as for sites. Four to five taxon groups were readily differentiated. The corresponding two way table of site group by taxon group is shown in Appendix 7, accompanied by site group taxon totals and proportions (summarised as 'nodes' in the table). Table 3 shows that a number of expected taxa were common to all groups, notably the oligochaetes, grypopterygidae, leptophlebiidae, orthocladiinae, podominae, simuliidae, hydrobiosiidae, and elmidae. Several taxa showed 

	Table 2: Site groups as indicated by both UPGMA clustering (ß=-0.1) and TWINSPAN analysis of presence/absence data 

	
	
	
	
	
	
	
	

	
	
	UPGMA
	UPGMA
	UPGMA
	TWINSPAN
	TWINSPAN

	Site Name
	Site Code
	4 groups
	5 groups
	9 groups
	4 groups
	8 groups
	

	Andersons Ck at Tattersalls Road
	F002
	1
	1
	1
	4
	8
	

	Apsley R lower at Rosedale Road
	F005
	1
	1
	1
	3
	6
	

	Browns Ck upper at Browns Creek Road
	F022
	1
	1
	1
	4
	8
	

	Catos Ck at Catos Road
	F031
	1
	1
	1
	1
	1
	

	Coquet Ck at Tasman Highway
	F035
	1
	1
	1
	3
	5
	

	Dawson R at Temma Road
	F042
	1
	1
	1
	2
	4
	

	Donaldson R Tributary (enters Sth of Little Donaldson River)
	F045
	1
	1
	1
	2
	4
	

	Douglas R at Tasman H’way
	F046
	1
	1
	1
	1
	2
	

	Duck R at Maguires Road
	F047
	1
	1
	1
	2
	4
	

	Dukes R at Dukes Marshes
	F049
	1
	1
	1
	1
	1
	

	Fern Ck at Connors Road
	F054
	1
	1
	1
	2
	4
	

	Fingal Rt at Fingal
	F055
	1
	1
	1
	4
	7
	

	Ford R at Roses Tier Road
	F056
	1
	1
	1
	3
	6
	

	Franklin Rt downstream of Flag Creek
	F060
	1
	1
	1
	1
	1
	

	Garden Island Ck off Island Creek Road
	F061
	1
	1
	1
	4
	7
	

	Gell R upstream of Gordon River
	F062
	1
	1
	1
	3
	5
	

	Glen Morriston Rt at Bells Bottom
	F064
	1
	1
	1
	1
	1
	

	Gt Musselroe R mid at Tebrakunna Road
	F067
	1
	1
	1
	1
	2
	

	Gt Musselroe R upper at New England Road
	F068
	1
	1
	1
	2
	4
	

	Hellyer R at Murchison Highway
	F071
	1
	1
	1
	2
	4
	

	Interview R 6 km from coast
	F074
	1
	1
	1
	4
	8
	

	Iris R at Cradle Road
	F075
	1
	1
	1
	4
	7
	

	Italian R 2.5 km from coast
	F078
	1
	1
	1
	1
	2
	

	Jackeys Ck at Jackeys Marsh
	F080
	1
	1
	1
	1
	2
	

	Leslie Ck at Zeehan Highway
	F090
	1
	1
	1
	2
	4
	

	Lindsay R at West Coast Link Road
	F091
	1
	1
	1
	4
	8
	

	Little Denison R at McDougall's Road
	F093
	1
	1
	1
	4
	7
	

	Little Rapid R at road off Tayatea Road, upstream of Rubioides Ck
	F094
	1
	1
	1
	2
	4
	

	Mackintosh Ck at L Mackintosh
	F100
	1
	1
	1
	3
	5
	

	Macquarie R upper at Long Marsh Road
	F103
	1
	1
	1
	2
	4
	

	Memory Ck at Upper Esk Road
	F104
	1
	1
	1
	2
	3
	

	Meredith R upstream of Rockliffe Road
	F105
	1
	1
	1
	1
	1
	

	Mesa Ck at North Lune Road
	F106
	1
	1
	1
	4
	8
	

	Mt Riveaux Ck at Picton Road
	F109
	1
	1
	1
	2
	3
	

	Musselboro Ck upstream of Musselboro
	F111
	1
	1
	1
	2
	3
	

	Nelson Bay R lower at Temma Road
	F113
	1
	1
	1
	4
	7
	

	Nelson Bay R upper at Couta Rocks Link Road
	F114
	1
	1
	1
	2
	4
	

	Nile R at English Town Road
	F116
	1
	1
	1
	1
	2
	

	Ransom R at Murdochs Road
	F133
	1
	1
	1
	2
	4
	

	Ringarooma R upper at Maurice Road
	F135
	1
	1
	1
	2
	4
	

	Sandspit R at Ringrove
	F137
	1
	1
	1
	2
	4
	

	Scamander R lower at Upper Scamander
	F138
	1
	1
	1
	1
	1
	

	Scamander R upper at Hogans Road
	F139
	1
	1
	1
	2
	4
	

	Serpentine Rt at Marlborough Highway
	F140
	1
	1
	1
	2
	4
	

	Snowy R at Bens Marsh Ck
	F142
	1
	1
	1
	4
	8
	

	Southwell R upper at Road c132
	F147
	1
	1
	1
	4
	7
	

	St Paul’s R at Valley Road
	F148
	1
	1
	1
	2
	4
	

	Stitt R upstream of Rosebery
	F150
	1
	1
	1
	3
	5
	

	Styx R downstream (Cataract Road)
	F152
	1
	1
	1
	3
	6
	

	Styx R upstream (Styx Road)
	F153
	1
	1
	1
	1
	1
	

	Swamp Gum Rivulet at Ormaston Road
	F154
	1
	1
	1
	2
	4
	

	Swan R upper, upstream of Hardings Falls
	F155
	1
	1
	1
	2
	4
	

	Sweets Ck at Mathinna Plains Road
	F156
	1
	1
	1
	2
	4
	

	Thornton R upstream of McLeod River
	F157
	1
	1
	1
	4
	7
	

	Tims Ck at Tyne Road
	F158
	1
	1
	1
	1
	1
	

	Tomahawk R at Oxbery Road
	F160
	1
	1
	1
	2
	4
	

	Wallaby Ck lower upstream of Saxons Creek
	F164
	1
	1
	1
	1
	2
	

	Wandle R at Murchison Highway
	F165
	1
	1
	1
	2
	3
	

	Wardlaws Ck at Chain of Lagoons
	F166
	1
	1
	1
	3
	5
	

	West Swan R at Old Coach Road
	F170
	1
	1
	1
	2
	3
	

	Upper West Queen R at L Margaret Rd
	A01
	1
	1
	1
	2
	4
	


	Table 3: Group statistics for the five UPGMA derived groups of sites.
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	Group number :
	1
	2
	3
	4
	5
	
	
	
	
	

	
	Number in group :
	157
	63
	14
	23
	14
	
	
	
	
	

	
	
	
	% of sites containing taxon
	
	
	
	
	
	

	Taxon code
	Taxon name
	
	
	
	
	
	
	
	
	
	

	TURBEL
	Turbellaria
	9
	8
	7
	0
	7
	
	
	
	
	

	GHYDROBI
	Hydrobiidae
	18
	10
	36
	9
	7
	
	
	
	
	

	OLIGOCH
	Oligochaetes
	48
	37
	64
	61
	64
	
	
	
	
	

	HYDRACAR
	Hydracarina
	29
	48
	7
	26
	7
	
	
	
	
	

	PARAMEL
	Paramelitidae
	53
	51
	64
	26
	14
	
	
	
	
	

	EUSIRID
	Eusiridae
	4
	3
	14
	4
	0
	
	
	
	
	

	PHREAT
	Phreatoicidae
	3
	5
	36
	0
	0
	
	
	
	
	

	EUSTHEN
	Eusthenidae
	71
	86
	7
	52
	36
	
	
	
	
	

	AUSTROP
	Austroperlidae
	24
	37
	0
	39
	0
	
	
	
	
	

	GRIPOPT
	Gripopterygidae
	90
	98
	57
	100
	93
	
	
	
	
	

	NOTONEM
	Notonemouridae
	7
	8
	36
	39
	0
	
	
	
	
	

	LEPTOPHL
	Leptophlebiidae
	99
	98
	93
	100
	93
	
	
	
	
	

	BAETIDAE
	Baetidae
	83
	68
	14
	35
	43
	
	
	
	
	

	AESHNID
	Aeshnidae
	16
	32
	0
	4
	0
	
	
	
	
	

	CHIRONOM
	Chironominae
	67
	59
	79
	13
	14
	
	
	
	
	

	ORTHOCLA
	Orthocladiinae
	87
	89
	79
	91
	36
	
	
	
	
	

	PODOMIN
	Podonominae
	70
	70
	36
	78
	64
	
	
	
	
	

	TANYPOD
	Tanypodinae
	9
	19
	43
	17
	0
	
	
	
	
	

	DIAMESIN
	Diamesinae
	10
	27
	14
	13
	0
	
	
	
	
	

	SIMULID
	Simuliidae
	90
	90
	86
	91
	93
	
	
	
	
	

	TIPULID
	Tipulidae
	48
	17
	57
	65
	0
	
	
	
	
	

	ATHERIC
	Athericidae
	20
	3
	0
	13
	14
	
	
	
	
	

	BLEPHER
	Blephericeridae
	15
	17
	0
	22
	64
	
	
	
	
	

	CERATOPG
	Ceratopogonidae
	8
	0
	21
	0
	0
	
	
	
	
	

	EMPIDID
	Empididae
	17
	3
	0
	9
	0
	
	
	
	
	

	DUNIDPUP
	Unid. pupae
	9
	27
	36
	17
	0
	
	
	
	
	

	CALOCID
	Calocidae
	48
	27
	14
	4
	0
	
	
	
	
	

	CONOESUC
	Conoesucidae
	74
	59
	0
	35
	29
	
	
	
	
	

	GLOSSOM
	Glossomatidae
	41
	8
	0
	0
	14
	
	
	
	
	

	HELICOPH
	Helicophidae
	25
	21
	14
	13
	14
	
	
	
	
	

	HELICOPS
	Helicopsychidae
	25
	0
	7
	0
	7
	
	
	
	
	

	HYDROBIO
	Hydrobiosidae
	99
	95
	93
	96
	100
	
	
	
	
	

	HYDROPSY
	Hydropsychidae
	68
	59
	0
	9
	0
	
	
	
	
	

	LEPTOCER
	Leptoceridae
	85
	54
	14
	52
	14
	
	
	
	
	

	PHILOPOT
	Philopotamidae
	13
	33
	0
	13
	0
	
	
	
	
	

	PHILORHE
	Philorheithridae
	74
	5
	14
	9
	50
	
	
	
	
	

	TASIMIID
	Tasimiidae
	7
	6
	14
	0
	0
	
	
	
	
	

	TUNIDPUP
	Unid. pupae
	7
	17
	7
	0
	0
	
	
	
	
	

	ADTELMID
	Unid. pupae
	86
	32
	50
	70
	79
	
	
	
	
	

	ADDYTISC
	Adult Dytiscidae
	6
	3
	0
	0
	14
	
	
	
	
	

	LARELMID
	Larvae Elmidae
	64
	22
	36
	0
	50
	
	
	
	
	

	SCIRTID
	Scirtidae
	73
	25
	29
	87
	21
	
	
	
	
	

	PSEPHEN
	Psephenidae
	40
	21
	0
	4
	21
	
	
	
	
	


Figure 7: Dendogram of the UPGMA clustering of a Bray Curtis matrix derived from the final presence / absence riffle stream macroinvertebrate data set (%=-0.1) 
strong differentiation between groups (all significant at the p < 0.05 level when proportions of presences were compared by Chi2 test). These were:: austroperlidae, notonemouridae, baetidae, tanypodinae, calocidae, conoesucidae, glossosomatidae, hydropsychidae, leptoceridae, philorheithridae and dytiscidae. 

TWINSPAN analysis was conducted on the final presence/absence data set (after screening for infrequently occurring taxa) and this resulted in a number of cut levels. Cut levels resulting in four and eight groups were chosen. Lower cut levels (with sixteen and more groups) resulted in a proliferation of groups with insufficient sites, and were therefore discarded. TWINSPAN group assignment is shown in Table 2, and the full TWINSPAN analysis results are shown in Appendix 8. The TWINSPAN four group classification were essentially the same as the four group UPGMA case, with between 60 and 100% of sites falling within the same groupings. 

Discriminant Function Analysis 

DFA was conducted on the reduced environmental variable set (of `conservative' variables) using the three groupings derived from UPGMA clustering and the two groupings derived from TWINSPAN. DFA of the UPGMA groupings failed to produce adequate discriminant functions for the nine group case, with classification and Jacknife cross-validation errors exceeding the 40% criterion (60% and 62% respectively), and with individual group cross-validation errors ranging to 100%. DFA results for the four and five group cases were essentially similar, with classification and Jacknife cross-validation errors around 38 - 40%. In the five group case, group 4 was poorly re-classified (70% error), and this could not be improved. In the 4 group case, groups 4 and 5 of the five group case were merged, resulting in a poor overall prediction for the resulting larger group 4 (65% error) and with the same environmental variables in the discriminant functions. It was decided therefore to proceed with the DFA results for the five group case. 

DFA for the five group case resulted in an overall classification error of 38%. The optimum discriminant functions contained the following variables: 

Northing, distance from source, mean channel width, boulder category, cobble category, gravel category. 

Wilks' lambda was highly significant (p < 0.0001), indicating significant inter-group differences in canonical scores. See Appendix 9 for the full DFA results. 

Three of the groups had misclassification errors < 35%, group 3 had an error of 50%, and group 4 had an error of 70%. These results indicates that group 4 was poorly discriminated by the environmental variables used in the study. This result was similar following DFA for the larger combined group in the UPGMA four group case (in which groups 4 and 5 from the 5-group UPGMA were combined) and the corresponding group (group 4) derived from the TWINSPAN classification (with classification errors of 66% and 78% respectively). Further DFA including non-conservative variables did not improve the discrimination of group 4, indicating that human impact on the sites was not responsible for separation of group 4. Further analysis of environmental variables may be required to adequately discriminate this group. 

DFA for the groupings derived from TWINSPAN failed to produce adequate discriminant functions for the eight group case, with classification and Jacknife cross-validation errors exceeding the 40% criterion (50% and 54% respectively), and with individual group cross-validation errors ranging to 90%. For the four group case, the overall DFA was essentially similar to that for the five group case derived from UPGMA clustering, with a 40% misclassification error and with the following variables responsible for the optimum discriminant function: Northing, distance from source, mean channel width, cobble category, gravel category. 

Rescaled data 

The UPGMA clustering derived from re-scaled presence/absence data was used to derive groupings, although the dendrogram showed evidence of considerable 'chaining' (weak group definition), even at a ß level of -0.2. DFA analysis of groups derived from this cluster analysis failed to successfully discriminate groups with the environmental variables available (using either all variables or 'conservative' variables only). Re-classification errors were high, with some groups at 90-100% reclassification errors even in a four-group case. The use of re-scaled data in group definition was therefore abandoned. 

Final grouping and DFA 

The DFA results for the 5-group UPGMA case are recommended for further modelling. The reasons are as follows: 

· the five group case gives the maximum group number that can be discriminated successfully using the environmental variables used; 

· the five group UPGMA case allows successful discrimination of a large proportion of the sites in group 4 in the group 4 UPGMA case; 

· the grouping is largely consistent with results from the alternative classification approach (TWINSPAN). 

3.4 Diversity

Significant correlations were found between the number of taxa in each sample and the following variables (by Pearson correlation of transformed environmental variables and ln(x+1) transformed number of taxa): 

Variable Correlation Significance 

northing positive < 0.00001 

pH negative < 0.01 

alkalinity negative < 0.00001 

conductivity negative < 0.05 

% of reach as riffle negative < 0.05 

substrate as boulder positive < 0.01 

substrate as cobble positive < 0.05 

trailing bank vegetation positive < 0.01 

Multiple liner regression modelling of the number of taxa with environmental variables failed, however, to produce a regression model with r2 > 0.2, indicating that the ability to predict site diversity from environmental variables alone was very weak. 

The upper and lower 10 percentiles of the number of taxa from all sites were 22 and 11 taxa, respectively. Thus high and low diversity sites were defined as those with = 22 and = 11 taxa respectively. Consistent with the correlation results, the values of pH, alkalinity, conductivity and % reach as riffle were significantly higher (all p < 0.05 by Mann Whitney U test) for sites of low as opposed to high diversity, while high diversity sites were located at significantly higher northings.
Discussion

4.1 Data analysis
4.2 Stream classification
4.3 Sites of high diversity
4.4 Recommendations for further work and identification of data gaps
4.1 Data analysis 

Results of the cluster and classification analyses revealed a relatively weak structure in the data, with only the final presence/absence data showing the strongest groupings. Both rescaling the data and using rank abundance led to weak groupings, typically with low mean BC values. The DFA for rescaled data failed to produce effective relationships between environmental variables and clustering groups. This suggests that the number of taxa per unit sampling effort is more reflective of real biodiversity patterns than the number of taxa per unit number of individuals. The results for rank abundance data suggest that site faunas are numerically dominated by essentially the same taxa. This was confirmed by the presence of a relatively high proportion of significant Spearman rank correlations between samples, even after Bonferroni correction. The final classification using UPGMA is thought to be reasonably realistic for the following reasons: 

· the dominant variables in the discriminant functions are `habitat' variables which operate at the sub-catchment scale; 

· the faunal associations with each of the groups make intrinsic sense in relation to the environmental variables; 

· alternative classification (TWINSPAN) produced much the same pattern and resulted in the same variables in discriminant functions. 

An expected east-west gradient did not result in the final classification (easting was not a significant variable in the DFA) and the large data gap in the south western part of the state may account for this. The lack of a regional signal is significant, and is discussed below. 

4.2 Stream classification

This project has resulted in a stream classification based on the community composition of stream riffle macroinvertebrates. Five groups or classes of site macroinvertebrate communities were identified. Each group is characterised by particular environmental variables, with group means for the discriminant variables (see Table 4). 

Inspection of a map of the five stream site groups derived from the biological classification reveals little or no bioregionalisation at the state level (Figure 8), although the distribution of group 5 suggests a western-south western faunal type. This is not surprising, and is likely to be a result of three primary factors: the nature of the stream environment, the nature of the fauna sampled and the taxonomic level of the data set. 

Stream biota respond to a number of physical and biological energy 'forcing functions' which control both the structure and processes within the stream ecosystem (Cummins 1996). These factors vary in relation to biological and physical energy patterns and trends within a catchment. 

Table 4. Means of discriminating environmental variables for the five stream site groups identified by UPGMA clustering of macroinvertebrate community composition.  

	
	
	
	Group
	
	

	
	1
	2
	3
	4
	5

	Frequencies
	121
	51
	14
	18
	8

	Group means
	
	
	
	
	

	Northing
	5398457
	5302643
	5370964
	5335789
	5318450

	Distance from source (km)
	5.9
	3.3
	3.6
	4.6
	11.9

	Boulder
	2
	2
	0
	2
	1

	Cobble
	3
	3
	2
	2
	3

	Gravel
	1
	0
	2
	1
	1

	Mean width (m)
	11.46
	8.07
	8.05
	7.76
	27.52


* Categories used: 0% =0, less than 10% =1, 10-25% =2, 25-50% =3, 50-75% =4, 75-100% = 5. 

Examples of these include: 

· the change in flow energy within the drainage network as gradients decrease downstream leading to changes in stream velocity, sediment transport and substrate characteristics; 

· the change in channel dimensions in a downstream direction resulting in changes in the ratio of light energy supplied to the stream (enhancing algal growth and hence changing the fauna) to allocthonous (non-light) energy supplied in the form of litter and wood inputs from riparian vegetation (resulting in a greater relative abundance of shredder and particulate feeders). 

As a result of these interactions, community structure can be determined at a variety of spatial scales, frequently at the habitat patch, stream reach and sub-catchment scale. Selection of a single habitat type for the current project's sampling protocol partially controls for variability at the scale of habitat patches. Community types are anticipated to be discriminated by environmental variables that describe changes in the nature of the stream channel at differing positions within the catchment. Hence, groups or classes of macroinvertebrate communities are anticipated to be related to and discriminated by variables that describe channel-related or substrate characteristics, such as stream size (correlated with catchment area and distance from source) or substrate type. This is what apparently dominates the discriminant functions in the present study. 

Figure 8: Map of Tasmania showing the distribution of the five stream site groups derived from UPGMA clustering of riffle macroinvertebrate community presence / absence data 
Superimposed on this 'sub-catchment' classification would be broader regional groupings associated with regional or local occurrences of particular taxa. This would be partially mitigated against by the use of family level identification. Sharpe et al. (1996) found that evaluation of relationships between stream macroinvertebrate diversity and community composition and environmental variables were significantly weaker at family level than at species level. They advocated the use of species level identification in evaluations of within- and between-catchment patterns in distribution. Many families are ubiquitous within streams in Tasmania, while only a relatively small number appear to have a regional aspect to their distribution. Identification of the entire MRHI-ESAA-CRA data set to species level would greatly assist in the discrimination of streams at a regional level and in the assessment of sites of high biodiversity. It should be noted however, that a full assessment of the biodiversity of sites identified by this process would require a more intensive evaluation using quantitative sampling, coupled with the collection of material from other instream habitats (snags, pools, and edges). 

Another factor that may mitigate against clearly defined regionalisation of stream macroinvertebrates is the numerical dominance in terms of both abundance and taxa by insects, most of which have some flying adult stage. Although recent studies have shown some degree of catchment-to-catchment genetic isolation in Australian stream insect species (J. Hughes, CCISR, Griffith University, pers comm.), the degree of intensive regionalisation in distribution demonstrated by the more sedentary burrowing crayfish (eg Engaeus, Horwitz 1989) and their burrow-associated fauna (eg janirid isopods, Horwitz unpub. data), or the stream snail fauna (eg Beddomeia, Ponder et al. 1993), is unlikely. 

We strongly recommend however, that funds be provided for the full identification of the current collections to enable a fuller evaluation of the biogeography and conservation status of the stream macroinvertebrate fauna. Currently, the mayfly families Baetidae and Caenidae are being fully identified from these samples, but this is only a small proportion of the overall collection. Some funding is also required for the adequate archiving of this large collection (comprising over 53,000 individual invertebrates from 318 sites, separated to order) at the Queen Victoria Museum. 

4.3 Sites of high diversity

Sites of high diversity were not distributed in a regional fashion (Figure 9), but were located in all areas of the state. Multiple linear regression modelling of number of number of taxa failed to result in a useful, predictive model. This may be a result of the high taxonomic level used in this project, and again, species level data would be preferable. It should be noted, however, that Growns and Growns (1996) have demonstrated a strong relationship between macroinvertebrate community diversity at family and species level for a variety of Australian studies. 

Figure 9: Map of Tasmania showing the distribution of stream sites with low, medium and high macroinvertebrate diversity (<12, 12-21, >22 taxa respectively) at family level 
4.4 Recommendations for further work and identification of data gaps

Development of RIVPACS models for forestry regions 

Regional RIVPACS models should be developed for the assessment of impacts of forestry operations on stream biodiversity in Tasmania using the existing data set, enhanced by additional sampling. The development of the current data set now allows the further development of both state-wide and regional RIVPACS models as an aid in monitoring and assessing the impact of forestry operations on stream fauna. Recent experience in developing regional models as opposed to state-wide models (Davies et al. 1996 and Oldmeadow, DPIF pers. comm.) suggests that regional RIVPACS model development should be pursued for the assessment of impacts of forestry operations on stream biodiversity. This will also require additional sampling to address the issue of smaller streams (eg Class 3 and 4 as per Forest Practices Code). 

Species level modelling 

The existing collections should be identified to species (lowest taxonomic) level and the analysis of site groups, DFA, sites of high diversity and regionalisation repeated. 

Four main data gaps exist in the assessment of stream macroinvertebrate biodiversity, which need to be addressed: 

Data from other habitats 

This project focussed only on riffle dwelling macroinvertebrates. Thus the fauna associated with other distinctive stream habitats (pools, edges, snags, macrophytes) was not sampled and this constitutes a major gap. Under NRHP (MRHI) funding, edge and macrophyte habitats have been sampled in the autumn and spring seasons of 1995 and in autumn 1996. Additional sampling of the new CRA and ESAA sites in edge and macrophyte habitats should be performed in autumn 1997 or 1998 to address this significant gap, as well as sampling of snag habitats. 

Other stream dwelling fauna 

The stream sampling at all sites in this study was conducted by kick sampling. This does not adequately sample larger crustaceans (Atyid and Parastacids) either as adults or juveniles. 

No aquatic macrophytes have been sampled in this project. This was planned as part of the CRA program as a separate project but resources were too limited. A project in which existing macrophyte distributional data is gathered along with some new collections at the appropriate time of the year should be instigated to develop an adequate database on stream macrophyte communities. 

Freshwater fish have been addressed as part of the CRA in a separate program by collation of distributional data from a variety of sources, now held by the Parks and Wildlife GIS section. 

Data from unsampled regions 

Some 30 stream sites in the coastal region south of Macquarie Harbour to Port Davey and from the catchments draining into Port Davey-Bathurst Harbour were not sampled during the present study due to heavy rains and high river levels. This is a major gap in the data and may account for the lack of an east-west gradient and hence regionalisation structure in the final analysis. These should be sampled in the same season (March-May) by the same methods and added to the database prior to re-analysis. 

Sampling of alpine streams was not seen as a high priority in the current project. It therefore constitutes a data gap which may be worth addressing by further sampling. 

Data from Class 4 streams 

While the sampling program conducted in all the projects which contributed to the data set for this study was designed to sample all the major catchments and sub-catchments within the state, very few small streams (< 100 ha in catchment area) were sampled. These correspond to Class 4 streams in the Tasmanian Forest Practices Code. Class 4 streams are a major part of the drainage network and, frequently being ephemeral, may be a centre of biodiversity (Boulton and Lake 1992a, b). Their management is a key factor in the economics of forestry and also in the interface between forestry and water values (Schofield 1996), as Class 4 tributary streams are the primary conduit for water and sediment during storm events from upper catchment areas into the main stream network. Class 4 streams receive limited protection under the Forest Practice Code, and may have much of their riparian vegetation removed and be frequently crossed by harvesting machinery. 

Under steep slope conditions, Class 4 streams may be treated essentially in the same manner as the rest of the coupe. Davies and Nelson (1993) indicated that these streams were being significantly impacted by forestry operations on steep slopes due to enhanced sediment inputs. Davies and Nelson (1994) also recommended that enhanced buffer widths on these streams may be required. In any event, these streams are in need of evaluation for: 

· their conservation value; 

· the impact of forestry operations on them; and 

· the need for greater protection to maintain water quality and biological values. 

While a sampling program addressing Class 4 streams from all major catchments in the state is impractical, a stratified macroinvertebrate and habitat sampling program should be conducted to sample a number (ca. 5) of these streams within several distinctive hydrological and geological regions of the state. This was planned as part of the current study, but was not conducted due to limited time and funds. The resulting data should be analysed to determine the species composition of the macroinvertebrate fauna and a comparison made with larger streams within the same drainage. 

Localised groups of impacted and unimpacted Class 4 streams should be used for monitoring the efficacy of the Code in protecting their aquatic values.
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Glossary of acronyms

AESIRB Australian Electricity Supply and Industry Research Board 

BC Bray Curtis Dissimilarity measure. 

CAR comprehensive, adequate and representative 

CCSIR Centre for Catchment and Instream Research 

CRA Comprehensive Regional Assessment 

CRC Cooperative Research Centre (e.g. for Freshwater Ecology, in Albany) 

DFA Discriminant Function Analysis 

EPA Environmental Protection Agency 

ESAA Electricity Supply Association of Australia (see AESIRB) 

HEC Hydro-Electric Commission (of Tasmania) 

HMDS Hybrid Multi-Dimensional Scaling 

LWRD Land and Water Resources Division (of the Department of Primary Industries and Sea Fisheries, Tasmania) 

MDFRC Murray-Darling Freshwater Research Centre 

MRHI Monitoring River Health Initiative 

NRHP National River Health Program 

RIVPACS River Invertebrate Prediction and Classification Scheme 

RFA Regional Forest Agreement 

UPGMA Unweighted Paired Group Mean Averaging 

WHA Tasmanian Wilderness World Heritage Area
Appendix 1: Criteria for selection of reference sites

Source: River Bioassessment Manual, Davies 1994. 

See Figure 4 for citation of list A and B. 

List A: Types and characteristics of impacts used in discriminating 'least disturbed' reaches and sites. 
Major impoundments, extractions or diversions 

Presence of changes to flow regime and/or water quality viz. large, repeated short-term fluctuations in discharge; suppression of medium to large scale natural discharge fluctuations; significant flow reduction or dewatering; significant changes in temperature, dissolved oxygen or other water quality variables, impact on bed sediment load due to construction, increased bed and bank erosion, release of toxic algae or chemicals used in water treatment. 

Impacts on stream hydrology, sediment load, temperature, water chemistry. 

Vegetation clearance 
% land cleared, time since majority of clearing activity, presence of active clearing. 

Impacts on stream hydrology, sediment load and quality, temperature, water chemistry (including nutrients). 

Catchment urbanisation 
% site catchment urbanised and potential source of storm water. 

Impacts on stream hydrology, sediment load and quality, water chemistry, contamination. 

Presence of roads, tracks or service corridors 
Number and type of stream crossings, proximity to channel, management of road crossing drainage (age of crossing construction). 

Impacts on stream hydrology, sediment load and quality, impacts of recreational activities. 

Channel modification 
Degree of channelisation, bank modification, channel reforming, time since last major works performed. 

Impacts on stream hydrology, sediment load, substrate composition, bed stability. 

Bank degradation 
Lack of riparian vegetation, extent and activity of eroding bank. 

Impacts on bank and bed stability, sediment load, substrate composition, water temperature, invertebrate food resources. 

Floodplain and wetland drainage 

Presence of intensive drainage of floodplains and associated wetlands in site catchment, proximity to site. 

Impacts on stream hydrology, sediment load, water chemistry. 

Forestry 
% of site catchment logged, predominant width of buffer strips, if used extensively (> 30 m desirable to reduce impacts), presence of active (less than or equal to 5 years) logging. 

Impacts on stream hydrology, sediment load and quality, temperature, water chemistry, habitat structure (wood debris). 

Mining or extractive industry 
Presence of mine or related industry in site catchment, potential as source of pollutants (release points of waste water and its treatment), proximity to site, % area of catchment disturbed. 

Impacts on stream hydrology, sediment load and quality, contamination, water chemistry. 

Pollution sources 

Point source discharges such as sewage treatment plants, light and heavy industry (e.g. chemical plant, tanneries), agro-industry (e.g. piggeries, dairies, food processing works), mines and mine processing works, storm water. Diffuse source releases such as tip and chemical storage leachates, contaminated groundwater, saline surface and ground waters, pesticide runoff. 

Impacts on stream water chemistry, sediment quality, organic load and contamination. 

Intensive agriculture 
% of catchment developed for intensive agriculture, type of crops grown, sources and releases of waters used for irrigation, proximity of cropped areas to streams, routing of flood waters through cropped areas, use of pesticides and herbicides, use of fertilisers. 

Impacts on stream hydrology, sediment load and quality, temperature, water chemistry, contamination. 

Grazing 
% of catchment cleared for grazing, number and control of stock water access points and stock routes, use of fertilisers, water abstraction for stock watering. 

Impacts on stream hydrology, sediment load and quality, temperature, water chemistry. 

List B. Discriminators for selecting the physical location of reference sites within a reach. 

The site should: 

· be deemed representative of the major characteristics of the overall reach;  
    

· be subject to no or as little human related disturbance as possible (see list A);  
    

· be relatively accessible and safe during sampling operations. 

The site should not: 

· lie within 50 m upstream of, 300 m downstream of or traverse a ford; dam, weir or waterfall higher than 5 m; livestock watering area; significant confluence or discharge; significant diversion of flow; areas subject to channelisation, dredging or weed removal;  
    

· be subject to significant adverse flow regulation (large abstractions or releases that severely modify water quality, temperature or discharge); 

The site should not be downstream of source(s) of identifiable pollution (see list A) OR should be sufficiently downstream for recovery in biological community composition to take place - for example greater than or equal to 10km for small streams, greater than or equal to 20 km for larger rivers.
Appendix 2: Standard inventory sheet used in the field for recording of site derived environmental variables

	
	
	R.A.P. Habitat and Water Quality Assessment
	
	

	
	
	
	
	
	
	


	Date:
	
	
	Time (24 hr):
	
	
	


	Location code:
	
	Site Name:
	
	
	

	
	
	
	
	
	
	


	Map Based Information
	
	
	
	


	Distance from source:
	
	Discharge Category
	Current year
	( )

	Slope:
	
	
	Year - 1
	( )

	Catchment size:
	
	
	Year - 2
	( )

	Altitude:
	
	
	Year - 3
	( )

	Stream class:
	
	
	Year - 4
	( )

	
	
	
	
	
	
	


	Kick 1 details
	
	
	
	
	
	


	Riffle / Run/ Edge
	Collected by:
	
	Picked by:
	
	
	


	Method: 10 m Kick - 30 min random pick ( )
	
	
	
	


	
	
	
	


	Cover layered over riffle in reach being sampled
	Substratum Description (% of substrate  

types of riffle in reach sampled) see below for definition
	
	


	Algal Cover ( )
	Detritus Cover ( )
	
	Bedrock ( )
	Gravel ( )

	Silt Cover ( ) 

 
	Moss Cover ( )
	
	Boulder ( )
	Sand ( )

	
	
	
	Cobble ( )
	Silt ( )

	
	
	
	Pebble ( )
	Clay ( )


	Mean depth (of riffle in reach being sampled): <25 cm ( ) <50 cm ( ) <100 cm ( ) <200cm ( ) >200 cm ( )
	

	Kick 2 details
	
	
	
	
	
	


	Riffle / Run / Edge
	Collected by:
	
	Picked by:
	
	
	


	Method: 10 m Kick - 30 min random pick ( )
	
	
	
	
	


	Max. current speed (m/sec) ( m/ sec)
	
	
	
	
	


	
	
	
	
	


	Cover layered over riffle in reach being sampled
	Substratum Description (% of substrate  

types of riffle in reach sampled) see below for definition 

 
	
	
	


	Algal Cover ( )
	Detritus Cover ( )
	Bedrock ( )
	Gravel ( )
	
	

	Silt Cover ( ) 

 
	Moss Cover ( )
	
	Boulder ( )
	Sand ( )
	
	

	
	
	
	Cobble ( )
	Silt ( )
	
	

	
	
	
	Pebble ( )
	Clay ( )
	
	


	Mean Depth (of riffle in reach being sampled): <25 cm ( ) <50 cm ( ) <100 cm ( ) <200cm ( ) >200 cm ( )
	
	
	
	
	
	
	


	Site Characteristics
	Nil
	Sparse
	Moderate
	Extensive
	

	Aquatic vegetation
	( )
	( )
	( )
	( )
	

	Overhanging vegetation
	( )
	( )
	( )
	( )
	

	Trailing bank vegetation
	( )
	( )
	( )
	( )
	

	Left bank* riparian vegetation
	( )
	( )
	( )
	( )
	

	Right bank* riparian vegetation
	( )
	( )
	( )
	( )
	

	* facing upstream
	
	
	
	
	


	Examples
	
	
	
	
	
	

	Bedrock
	
	
	
	
	
	


	Boulder
	(>256 mm)
	Pebble
	(16-64 mm)
	
	
	
	
	
	

	Cobble
	(64 -256 mm)
	Gravel
	(4-16 mm)
	
	
	
	
	
	

	Sand
	(1-4 mm)
	Silt or clay
	(<1 mm)
	
	
	
	
	
	


	Site Sketch (flow direction, indicate hazards, sampling points, access sites. etc.)
	


	Landowner/Manager
	
	
	Access:
	
	
	

	Name
	
	
	
	Permission required
	( )
	

	Address
	
	
	
	Permission granted verbally
	( )
	

	
	
	
	
	Written Permission
	( )
	

	Phone
	
	Fax
	
	Notification before each visit
	( )
	


	Comments on site condition, possible impacts, access problems e.t.c.
	
	
	
	


	Weather
	No rain ( ), Rain in past week ( ), Showers ( ), Heavy rain ( )
	
	


	Water Measurements 
	
	Collected by:
	
	
	


	Temperature (oC) 
	
	
	Stream Width
	Watered
	Bank-full

	Conductivity (mS/cm:µS/cm) 
	
	ca. 5 0 m d/s
	
	
	

	Dissolved O2 (mg/L)
	
	
	@ sample point
	
	
	

	Gauge height (m)
	
	
	
	ca. 50m u/s
	
	
	


	location of gauge (grid ref)
	
	


	Water sample taken (circle) Y/N 

 
	
	
	
	
	
	


	Stream Observations 
	
	 

Recorded by:
	
	
	


	Flow
	None ( )
	Low ( )
	Moderate ( )
	High ( )
	
	

	*Water Clarity 
	Clear ( )
	Good ( )
	Fair ( )
	Poor ( )
	
	


	* indication of turbidity status - not colour
	
	
	
	


	
	
	
	
	
	
	

	
	
	
	
	
	
	

	Habitat variables
	
	Recorded by:
	
	
	

	
	
	


	All measurements as % over 100 m of stream length and within stream only (50 m u/s and d/s of sample location).
	
	


	Riffle area
	( )
	
	
	
	
	

	Run area
	( )
	
	
	
	
	

	Pool area
	( )
	
	
	
	
	

	Snag area*
	( )
	
	
	
	
	


* log and wood debris
Appendix 3: List of all sites in the raw data base 

including: location, Tasmap, relevant funding project, sites deemed to be affected by human impact (and removed prior to analysis). 

	Code 
	Site 
	Date sampled 
	Access code 
	Tasmap 
	Easting 
	Northing 
	Impact code 

	F001 
	Allenvale Rt upstream of Gretna 
	5/28/96 
	o 
	Tyenna 
	##### 
	###### 
	a 

	F002 
	Andersons Ck at Tattersalls Road 
	6/26/96 
	o 
	Tamar 
	##### 
	###### 
	

	F003 
	Ansons R lower at South Ansons Road 
	6/3/96 
	o 
	Georges Bay 
	##### 
	###### 
	

	F004 
	Ansons R upper at Clifford Road 
	6/3/96 
	o 
	Georges Bay 
	##### 
	###### 
	

	F005 
	Apsley R lower at Rosedale Road 
	6/5/96 
	o 
	Break O’Day 
	##### 
	###### 
	

	F006 
	Apsley R upper 2 Kilometres NW of Pennefathers Knob 
	6/5/96 
	o 
	Break O’Day 
	##### 
	###### 
	

	F007 
	Arve R at Arve Road 
	5/6/96 
	o 
	Huon 
	##### 
	###### 
	

	F008 
	Back R at Stonehurst 
	6/21/96 
	o 
	Prosser 
	##### 
	###### 
	

	F009 
	Blackman R lower at Mike Howes Marsh 
	6/4/96 
	o 
	Lake Sorell 
	##### 
	###### 
	a, e, nr, sa 

	F010 
	Blackman R upper at Old Tier Road 
	6/4/96 
	o 
	Lake Sorell 
	##### 
	###### 
	

	F011 
	Blue Tier Ck at Honeysuckle Road 
	6/18/96 
	o 
	Little Swanport 
	##### 
	###### 
	a, sa 

	F012 
	Bluff R at Burley Flat 
	6/17/96 
	o 
	Little Swanport 
	##### 
	###### 
	a, nr 

	F013 
	Boggy Marsh Rt at Bashan Road 
	6/19/96 
	o 
	Shannon 
	##### 
	###### 
	

	F014 
	Boobyalla R upper at Gelibrand Plns 
	6/19/96 
	o 
	Forester 
	##### 
	###### 
	

	F015 
	Botanical Ck at Strahan 
	7/10/96 
	o 
	Cape Sorell 
	##### 
	###### 
	

	F016 
	Branchs Ck lower 2.5km from Coast 
	6/25/96 
	o 
	Tamar 
	##### 
	###### 
	f 

	F017 
	Branchs Ck mid at Branchs Ck Road 
	6/26/96 
	o 
	Tamar 
	##### 
	###### 
	

	F018 
	Branchs Ck upper 2km NW of Fire Tower 
	6/26/96 
	o 
	Tamar 
	##### 
	###### 
	

	F019 
	Break O’Day R upper at Harefield 
	6/5/96 
	o 
	Break O’Day 
	##### 
	###### 
	a, sa 

	F020 
	Broad R upstream of Repulse Dam 
	6/20/96 
	o 
	Tyenna 
	##### 
	###### 
	nr 

	F021 
	Browns Ck lower 3 km from coast 
	6/25/96 
	o 
	Tamar 
	##### 
	###### 
	

	F022 
	Browns Ck upper at Browns Creek Road 
	6/25/96 
	o 
	Tamar 
	##### 
	###### 
	

	F023 
	Brushy Plains Rt upstream of Sally Peak Farm 
	6/21/96 
	o 
	Prosser 
	##### 
	###### 
	

	F024 
	Brushy Rt upstream of Brushy Lagoon 
	6/25/96 
	o 
	Tamar 
	##### 
	###### 
	

	F025 
	Buffalo Bk at Bonneys Plains 
	6/6/96 
	o 
	St Pauls 
	##### 
	###### 
	

	F026 
	Burns Ck at Eldon Road 
	6/20/96 
	o 
	Derwent 
	##### 
	###### 
	e, sa, va 

	F027 
	Buxton R at Tasman H’way 
	6/5/96 
	o 
	Freycinet 
	##### 
	###### 
	

	F028 
	Camden Rt at Diddleum Road 
	7/9/96 
	o 
	St Patricks 
	##### 
	###### 
	a 

	F029 
	Carlton R at Arthur Highway Hill 
	6/21/96 
	o 
	Prosser 
	##### 
	###### 
	a, sa 

	F030 
	Catamaran R at Bridge 
	5/29/96 
	o 
	South East Cape 
	##### 
	###### 
	

	F031 
	Catos Ck at Catos Road 
	6/4/96 
	o 
	Georges Bay 
	##### 
	###### 
	

	F032 
	Clarence R at Lyell Highway 
	7/10/96 
	o 
	Nive 
	##### 
	###### 
	

	F033 
	Coal R at Brandy Bottom 
	6/6/96 
	o 
	Derwent 
	##### 
	###### 
	a, e, nr 

	F034 
	Cook Ck at Picton Road 
	5/8/96 
	o 
	Huon 
	##### 
	###### 
	

	F035 
	Coquet Ck at Tasman Highway 
	6/27/96 
	o 
	St Patricks 
	##### 
	###### 
	

	F036 
	Cracroft R at Cracroft Junction 
	6/13/96 
	h 
	Huon 
	##### 
	###### 
	

	F037 
	Crayfish Ck off Speedwell Road 
	7/23/96 
	o 
	Circular Head 
	##### 
	###### 
	

	F038 
	Creekton Rt at Creekton Road/Old Railway Intersection 
	5/29/96 
	o 
	Huon 
	##### 
	###### 
	

	F039 
	Cripps Creek 1 Km from coast 
	5/27/96 
	o 
	Storm Bay 
	##### 
	###### 
	

	F040 
	Crystal Ck upstream of coupe off South Weld Road 
	5/28/96 
	o 
	Huon 
	##### 
	###### 
	

	F041 
	Cygnet R at McKays Road 
	6/7/96 
	o 
	St Pauls 
	##### 
	###### 
	

	F042 
	Dawson R at Temma Road 
	7/4/96 
	o 
	Sandy Cape 
	##### 
	###### 
	

	F043 
	Delvin Ck at Waterfall Gully Road 
	6/21/96 
	o 
	Forester 
	##### 
	###### 
	

	F044 
	Donaldson R at West Coad Link Road 
	7/3/96 
	h 
	Arthur River 
	##### 
	###### 
	

	F045 
	Donaldson R Tributary (enters Sth of Little Donaldson River) 
	7/3/96 
	h 
	Arthur River 
	##### 
	###### 
	

	F046 
	Douglas R at Tasman H’way 
	6/5/96 
	o 
	Break O’Day 
	##### 
	###### 
	

	F047 
	Duck R at Maguires Road 
	7/10/96 
	o 
	Arthur River 
	##### 
	###### 
	

	F048 
	Duck Rt at Victoria Valley Road 
	6/19/96 
	o 
	Shannon 
	##### 
	###### 
	w 

	F049 
	Dukes R at Dukes Marshes 
	6/6/96 
	o 
	Break O’Day 
	##### 
	###### 
	

	F050 
	Eastern Marshes Rt upstream of L Swanport junction 
	6/7/96 
	o 
	Little Swanport 
	##### 
	###### 
	

	F051 
	Esperance R at Esperance River Road 
	5/31/96 
	o 
	Huon 
	##### 
	###### 
	

	F052 
	Esperance Trib off Esperance River Road 
	5/31/96 
	o 
	Huon 
	##### 
	###### 
	

	F053 
	Farmhouse Ck at Picton Road 
	5/8/96 
	o 
	Huon 
	##### 
	###### 
	

	F054 
	Fern Ck at Connors Road 
	6/19/96 
	o 
	Forester 
	##### 
	###### 
	

	F055 
	Fingal Rt at Fingal 
	6/6/96 
	o 
	St Pauls 
	##### 
	###### 
	

	F056 
	Ford R at Roses Tier Road 
	6/21/96 
	o 
	Forester 
	##### 
	###### 
	

	F057 
	Fordell Ck at Rotherwood Road 
	6/19/96 
	o 
	Lake Sorell 
	##### 
	###### 
	e, nr, f 

	F058 
	Fourteen Mile Ck at East Arm Road 
	6/26/96 
	o 
	St Patricks 
	##### 
	###### 
	

	F059 
	Frankland R at Road 
	7/4/96 
	o 
	Sandy Cape 
	##### 
	###### 
	

	F060 
	Franklin Rt downstream of Flag Creek 
	6/25/96 
	o 
	Tamar 
	##### 
	###### 
	

	F061 
	Garden Island Ck off Island Creek Road 
	6/11/96 
	o 
	D’Entrecasteaux 
	##### 
	###### 
	

	F062 
	Gell R upstream of Gordon River 
	6/14/96 
	h 
	Nive 
	##### 
	###### 
	

	F063 
	George Ck at L Murchison 
	7/9/96 
	b 
	Sophia 
	##### 
	###### 
	

	F064 
	Glen Morriston Rt at Bells Bottom 
	6/18/96 
	o 
	Little Swanport 
	##### 
	###### 
	

	F065 
	Green Hill Rt at Glenview 
	6/19/96 
	o 
	Lake Sorell 
	##### 
	###### 
	

	F066 
	Griffiths Rt at Rheban Road 
	6/17/96 
	o 
	Prosser 
	##### 
	###### 
	a, nr, sa 

	F067 
	Gt Musselroe R mid at Tebrakunna Road 
	6/19/96 
	o 
	Georges Bay 
	##### 
	###### 
	

	F068 
	Gt Musselroe R upper at New England Road 
	6/4/96 
	o 
	Georges Bay 
	##### 
	###### 
	

	F069 
	Gt Musselroe Trib at Tebrakunna Road 
	6/4/96 
	o 
	Georges Bay 
	##### 
	###### 
	

	F070 
	Hatfield R at Highway 
	7/2/96 
	o 
	Sophia 
	##### 
	###### 
	

	F071 
	Hellyer R at Murchison Highway 
	7/2/96 
	o 
	Hellyer 
	##### 
	###### 
	

	F072 
	Horton R at Sumac Road 
	7/4/96 
	o 
	Arthur River 
	##### 
	###### 
	

	F073 
	Hydro Ck at Arthurs Lake 
	6/24/96 
	o 
	Meander 
	##### 
	###### 
	

	F074 
	Interview R 6 km from coast 
	7/3/96 
	h 
	Conical Rocks 
	##### 
	###### 
	

	F075 
	Iris R at Cradle Road 
	7/5/96 
	o 
	Sophia 
	##### 
	###### 
	

	
	
	
	
	
	
	
	

	h = helicopter access; b = boat access; o = other access (road or foot); a = agricultural impacts; e = erosion; nr = no or little riparian vegetation; sa = stock access; f = forestry impacts; va = vehicle access; w = willow infestation; fl = in flood when sampled; ch = channelisation; rd = road works impacts; m = mining impacts; d = dam impacts; usu = unrepresentative substrate; usa = unreliable sampling. 


Appendix 4: Raw macroinvertebrate data set for all sites listed in Appendix 3

Appendix 4: Table
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[ Phylum CnidariaPlatyhelmintheschelminthesMollusca Mollusca Wollusca Mollusca Mollusca Mollusca Annelida Annelida Arachnida Crustaceal
Class/Ordelydrozoa Turbellaria  Nematoda Bivalvia Gastropodastropodfastropod8astropoda Gastropoda HirudinedligochaebydracarinaAmphipoda
Family SphaeriidadydrobiidaBlanorbidaeymnaeidaeAncylidadJnid. gastropods Paramelitida
Code |Subfamily

FOo1 1 7 g 19 5%

FO02 3 2 3|
FO03 49 [
FO04 1

FO05 1 4

FO08 1
Fo07 1

(]
Fo0g 3

FO10 3
FO11 2

FO12 1 1

F013 4 3 1 9
FO14 1 4 pi
FO15 49

FO18 6 1 5|
FO17 o 3
Fo18 2 4
Fo18 1

F020 1 3

Fo21 9
F022 a0
F023 5
F024 1 17
F025 1 2
F026 1
F027 1 1 1
FO28 5
F028 3 4
F030 6
FO31 15
F032 5
F033 1 2 2

F034 b
F035 1 8 2
F038 3 4

F037 24 4
F038
F033 6 6 3
F040 1
FO41 1
F042
F043
FO44 1
F045
FO46
FO47
F048 1 1 2 1
Fo49 3 1





Appendix 6: Raw environmental data sets for all sites in Appendix 3
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[image: image3.jpg]Appendix 6: Entire raw environmental data set for all sites listed in Appendix 3. See Table 1 in text for units and definit

Eastin Northin Eleva Bedslop 5% Ditce (o Bedroc Boulde Cabble Pebble Gravel Samd  Sit  Sit  Algll Dewin Moss  Total
Code mCla  from "€ k Categ r Categ Catego Catego Catego Catego Catego Cover  Cover sCateg Cover alkalinit
& L 2 s osowrce ™ oy ay 1y ay 1y ay oty Caweor Cawgory oy Category Ly
FOOL ## 5280000 135 0015 3 128 2.6 0 0 3 4 0 0 0 0 4 0 0 #1400
FOO02 #h# 5440300 35 0040 3 150 26.1 0 0 0 1 2 4 1 0 0 1 0 # 140
FOO03 #h# 5454000 10 0007 5 280 2056 0 0 3 2 2 1 0 2 4 0 1w 220
FOO4 #h# 5440300 95 0007 4 80 308 0 0 0 0 2 4 1 0 0 1 0 # 120
FOO05 ## 5364800 40 0004 4 280 1052 0 1 3 3 1 1 0 0 1 0 0 # 340
FO06 ## 5371600 380 0018 3 105 229 0 2 4 1 1 0 0 0 3 1 0 # 340
FOOT #h# 5221300 160 0033 3 103 176 0 2 4 1 1 0 0 0 0 0 0
FOOB ## 5291800 115 0016 3 80 24.0 0 1 3 3 1 0 0 1 4 1 0 # 300
FOO09 ## 5324000 370 0015 3 210 273 3 0 2 2 0 0 0 3 5 0 0 # 330
FO10 #h# 5331700 600 0008 2 9.0 714 0 3 3 2 0 0 0 1 5 1 0 # 590
FOU1 #he# 5331800 385 0017 3 150 464 0 1 3 3 2 1 0 0 1 0 0 # 720
FO12 #h# 5299400 270 0008 3 108 395 0 1 3 3 3 0 0 2 3 0 0 # 340
FO13 #h# 5323500 590 0040 2 120 233 0 4 3 1 0 0 0 1 2 3 3w 490
FO14 #h# 5449900 170 0010 3 50 132 0 0 1 3 3 3 0 0 0 0 0 # 110
FO15 ### 5331900 10 0008 2 60 7.8 0 0 1 3 3 2 0 0 0 0 0 # 52
FO16 #he# 5437600 30 0008 4 80 185 0 0 0 1 2 4 1 0 0 3 0 # 96
FO17 #he# 5435300 75 0010 4 50 9.9 0 0 0 0 4 3 0 0 0 2 0 # 63
FOI8 #h# 5435500 125 0020 3 25 51 0 0 1 3 3 2 0 0 0 1 1 # 68
FO19 #h# 5392400 262 0007 3 48 7.8 0 0 4 1 0 0 3 3 3 0 0 # 640
FO20 e 5292900 105 0014 4 218 132.1 0 2 4 2 1 0 0 0 0 2 0 # 140
FO21 #h# 5440800 47 0010 3 7.0 a5 0 0 0 0 0 0 5 0 0 1 5 @ 110
F022 #h# 5438900 77 0020 3 40 174 0 0 1 1 3 3 1 0 0 1 0 # 82
F023 #hE 5279500 70 0005 4 255 70 2 3 3 0 0 0 1 4 1 0 #1100
F024 ## 5419800 280 0020 2 9.0 3.9 0 0 2 3 2 1 1 0 2 0 0 # 110
F025 #hE 5378400 220 0029 3 140 58.9 3 1 3 1 1 0 0 0 0 0 0 # 240
F026 ## 5292800 185 0014 3 60 16.9 0 0 3 3 1 1 1 2 5 0 0 # 540
FO27 ## 5320600 20 0010 4 160 56.1 0 2 3 3 0 0 0 1 1 3 0 # 430
F028 #hE 5425200 555 0007 3 105 355 0 5 1 0 0 0 0 0 2 0 0 # 160
F029 #hE 5259200 115 0010 3 80 229 1 0 2 3 1 1 1 0 3 0 0 #1400
FO30 #hE 5177700 5 0012 3 170 63.0 5 0 0 0 0 0 0 0 0 0 0 # 110
FO31 #h# 5408800 35 0011 3 85 189 3 1 2 3 1 0 0 0 1 1 0 # 570
FO32 #hE 5335000 740 0010 2 65 40.1 0 3 3 1 0 0 0 0 1 0 3 # 93
FO33 #hE 5292800 180 0010 3 250 1078 0 1 2 4 0 0 0 1 2 1 0 # 810
FO34 #E 5218000 230 0050 3 26.0 6.8 1 3 2 1 1 0 0 0 3 0 2
FO35 #a# 5421300 374 0029 3 9.0 9.3 0 0 4 3 0 0 0 0 0 0 0 # 160
FO36 #h# 5211800 260 0009 4 29.8 9.8 0 3 3 2 2 0 0 0 0 0 3
FO37 #aE 5471700 30 0013 3 58 173 0 0 2 3 3 2 0 1 0 2 1 # 10
FO38 #aE 5197600 105 0018 3 166 6.0 0 1 3 3 1 0 0 0 1 0 0 # 100
FO39 #aE 5223700 10 0011 2 9.8 16.0 0 1 4 2 1 0 0 0 1 1 1 # 380
FO40 #h# 5236300 210 0100 2 40 84 3 1 2 1 1 0 0 0 4 0 0 # 120
FO41 e 5356200 620 0033 2 60 9.2 0 3 3 1 1 0 0 0 4 1 0 # 180
F042 #h# 5427400 15 0010 2 155 19.1 0 3 3 1 2 0 0 0 1 1 2 # 21
F043 #hE 5414600 340 0011 3 40 15.9 0 2 3 2 2 0 0 0 3 1 0 # 61
FO44 ## 5408200 170 0006 5 343 1985 0 2 3 3 0 0 1 1 0 0 1o# 79
F045 ## 5405700 230 0008 3 75 200 0 1 3 3 2 0 0 0 0 0 0 # 10
FO46 #h# 5373700 10 0008 3 215 743 0 1 4 2 0 0 2 0 1 0 0 # 340
FO47 #h# 5458000 75 0008 2 110 320 0 1 3 2 2 1 0 0 0 1 1 o# 90
F048 #hE 5317700 645 0008 2 70 137 0 0 3 3 2 0 1 2 0 0 0 # 310
FO49 #hE 5382400 495 0004 4 80 209 2 0 1 3 1 0 2 0 0 0 0 # 280
F050 ### 5310800 160 0012 4 200 943 0 2 4 2 0 0 0 3 5 1 0 & 1100




Appendix 7: Two way table of site and taxon groups 

Site groups correspond to the 5 group UPGMA case, while the taxon groups are derived from the UPGMA of the transposed final data set (as presence/absence). See Methods for details. Taxa are in columns with names vertically aligned, while rows correspond to sites with codes. Groups are separated by dashed vertical and horizontal lines. The table is spread over several pages for legibility. 

TGTEP|CA|OHTDNTAPDB|PCETBCLASHPLGLHSOP|APECGHAH 

UHAUH|ED|LYUUOAUHIL|AHUIAOEDCYHAREYIRO|ESMALETE 

RYSSR|RD|IDNNTNSIAE|RISPENPTIDIRIPDMTD|SEPLOLHL 

BDIIE|AY|GRIIOYTLMP|ARTUTOTERRLEPTRUHO|HPIOSIEI 

ERMRA|TT|OADDNPROEH|MOHLIEOLTOOLOOOLOM|NHDCSCRC 

LOIIT|OI|CCPPEOOPSE|ENEIDSCMIPRMPPBICI|IEIIOOIO 

BID |PS|HAUUMDPOIR|LONDAUEIDSHITHIDLN|DNDDMPCP 

ID |GC| RPP TN | M ECRD YED LO A | S H 

| | | | 

F002 | |** |** * * * ******| * ** 

F093 | |** * * |*** * ** *******| * 

F142 * | |** |** * *** *******| 

F061 | |*** |*** * *** ******| * 

F147 | |* * |*** ***** * ******| * 

F137 | |*** |***** ***** ******| * ** 

F140 | |** |*********** ******| ** 

E043 | |* |*********** ***** | * * 

F155 | |** * |*** * ** ** ***** | * ** ** 

F154 | |*** * | ***** **** ******| * * * 

F054 |* |* * * |** *** ***** **| * * 

F106 | |** * | * * ** ********| * 

F160 | |** * |** * * ***********|* * 

F068 |* |** ** |********* **** * | * 

F114 |* |** * |**** *** ********| * * * 

F074 * |* |** * | *** *** * *** **| * 

F139 |* |** ** |** **** * * *** **| * * 

F078 |* |** * |* * * * * * *** **| * ** 

E030 |**| * ** |* ******* ********| ** 

F042 | |* |* ** *** ******|** * 

F094 | |*** |** ****** **** *| * ** * 

F045 |* |** |** * ** * * *** *|** ** 

F091 | |* | ** * * * **** *|* * 

F005 * | |* * * | * ** *** ***** | * 

F049 * *| |* | * *** * **** *| * 

F064 ** * | |** | ** ***** *******|** * 

F153 **** | |** * | * ***** *****| 

F165 ** * | |* ** * * |* * ***** * ******| * * 

F138 * | |* | * *** * * ** **| * 

F158 * | |* * | * ***** ********| ** 

F031 * | |** * | * * **** **** **| * ** * 

F060 **** | |** | * * ** ** ******| * *** 

F067 | |*** | * **** ******* |* * * 

F080 * | |** | * ************* | *** 

C02 * | | | ** ************* | **** 

C07 ** | | | ** ************ | * * 

E047 | | * | ** ***** ****** *| * 

E001 *| *|** | * *********** * | * ** 

E008 | |** | * *** *********| * * 

E099 * *| |** * |* ****************| * ** 

E016 * | *|** | ** ******** *****| * ** 

F046 * | |** * | ** *** ******* *| **** 

F116 | | * * | ** **** ** * ****| ** 

F055 * | | * * * | ** ** * * ******| *** 

F170 | | * | * *** * ******| *** 

F104 *| |* ** *|*** *** *********| ** 

F148 | |* * | ** * * ****** **| ** 

F056 | |* * | * * **** ***** *| 

F135 | |* * * | *** **** *******| * * 

E049 * | *| * * | * ****** ***** *| * 

D02 | | * | ******* * *****| * 

D11 | | | ******** * *****| ** * 

B06 | | | ****** *******| 

C10 | | | * **** ******| * 

C11 | | * | * ******* ******| ** 

F100 | |* *| ** ****** *******|* 

F150 | |** *| * ** *** *******| 

E081 | |* *| * ** ** ***** *| 

E095 | *|* | ***** ** ****** | 

E042 | |* | * *** ** ***** | 

F166 | |* | * ** *** *****| 

E029 | |* * | ** ** * ***** *| * 

F152 | |* * * **| ***** **********| 

E053 | |* * * | ***** ********| ** 

E055 | |* * *| **** * ********| * 

E018 | |* * *|* **** **** ***** | 

D01 | | | **** ************| 

E009 | |** | **** ** ********| * 

E051 | |** | *** ** ********| * 

E060 | |* *| * * *** *******| 

E072 | |* *| ** *** ********| 

E102 | |* *|******* * ********| 

F071 * | |* |* **** ** ***** * | * ** * 

B26 * | | |* *** * *********| **** * 

C18 | | | *** ** ******** | *** * 

E022 | *|* | **** * ******** | ** 

E103 | |** *|* ****** ******** | * * 

E096 | |** | * ** * * ****** | * 

F035 | |* * |*** * **** ******| * * 

C13 | | |******* ** ******| * * 

C17 * | | |* *** * ** ******| * * ** 

A04 | *| |* * * * *** **** *| * * 

B03 | | * |* * * ***** ******| * * * * 

A03 | | |** * *** ***** **| * * * * 

D08 | | | * **************| * * * 

C06 ** | | | ** * ***** ******|** * 

D19 * | | | ** * **** *******|*** * 

D13 | | | ** * ***** *** **| * * 

B04 ** | | |* ********* ***** |** * * 

B19 | | |*********** **** *| * * * 

F109 | | * ** |***** ** ** ******|*** * 

C16 | | ** |******** ** ******|** ** * 

C20 | | * |******** ** ***** |* *** 

C03 | | | ******* * ******| * * * 

D07 | | |******** * ******| ** * 

C15 * | | * |*** ***** * ***** |** ** * 

B14 | | |*************** * |** ** 

B20 | | | ************** * | * * * 

B15 | | * |*** ******** *****|** *** 

B23 * | | |*********** ******|** *** 

D20 * | | |*** **** ** ******| * *** 

B21 * | | |*** ******* ******| * *** 

D16 * | | | ** **************| * ** 

B22 * | | |*** ************* | * ** * 

C19 * | | | ********** ******| * ** 

C01 | | * | ******** * ******| ****** 

C12 | | * |***** ************| **** 

F075 | |* * *** |******************| 

D26 | | ** *|******************| * 

B16 | | * * |******************| * * * 

B25 | | *** |******************| * * * * 

A17 | | * **| *****************| * 

B07 | | * *|********* ********|** 

A25 | | * *|* * **** *********| ** * 

E079 | | * *|* * ****** *******| 

F156 * | |** * *|*** ****** *******|***** * 

D05 |* | * |*** **************|* * * 

D06 | | * *|********** ****** |* * * 

A01 | | ** ** |* **** ***********|** * 

A24 * |* | *** |******************|** ** * 

A11 | | * | ******* ******* | * * 

B18 * | | * |* *** *** ********|** 

B01 | | * *|* ** ************| * * 

E115 | |* * *| *** ** *********| * * 

B09 | | * |* * ************* | * * * 

D12 | | * | * **** *********| * * 

F090 * | |** * |*** ********** | * * 

A08 * | | * |* ** * ********* | * * 

F103 * | |*** |* ************** |**** * 

F111 *** | | * * * |********** ***** | ** * * 

F047 | |* *|*** ****** ***** | * * * 

F157 | | * *|*** *** * ******| * * 

A09 | | * |** *** ** ******| * 

B05 | | |*** *** ** ***** | ** 

C24 | | |* * *** ** ***** | ** * 

A02 | *| |*** ****** * * * | *** ** 

F062 | |** * *| ** *** * ******| * 

F113 | |** |** * * ******| ** 

A15 | | *** | ** **** * ******| ** 

A20 | | *** |*** **** ********| ** 

A19 | | ** | ***** * * ******| * 

F022 | |* * * * |** * *** ***** | *** * 

F133 | |* ** | * ******* ****** | *** * 

D14 | *| | * ************** | *** * 

B10 |* | |** ******* **** | * * 

E100 | | |** * *************| * 

B13 |* | |* * **** ******* | 

B11 | | |* ********* **** | * ** 

D22 | | |* ********* **** | ** 

C23 * | | |* ******** *****| ** 

D23 | | * |** ****** *****| ** 

D09 * | | | ******* * **** | 

D24 * | | | * * **** * **** | * 

D17 * | | |* ** *** ******* | * 

D18 * | | * | * ** *********** | ** 

F105 * | |** * | ** ** * * **** | * 

F164 | |** | * * *** ** ** * | * 

-----+--+----------+------------------+-------- 

F006 | | * ** |*** *** * ******| * * * 

F010 | | * |*** *** * ******| * 

F126 | | * **| ** *** ** ******| 

F134 | | * *| ** *** * ******| * * 

F034 | | * *|* * ** * ***** | * * * 

F053 | | *** | * ** * ***** | 

E003 | | *** | ***** ** ******| * 

F092 | | |* ** * ***** |* 

F149 * | | | * *** * ****** | 

F052 | | * * |* * ** * ***** | 

F125 | |* |* * ** * *******| * 

F167 | | * * * |*** ** ** ******| * * 

F072 | | * | ** * ******| * * 

F020 | |* | * * * * **** *| 

E075 | | | * * * ***** *| 

E031 | *| | * * * * **** | * 

F101 | | * |* *** * * **** *|** 

F036 | |** ** | * * ** **** *|* * 

F087 | |* * |* ** * ***** |* * * 

F040 | | * * |*** * ******|* 

B24 | | * * |* * *** **** *|* * 

F161 ** | |* * **|* * ** * ******|* 

F110 * ***| | * | *** * * ******|** ** 

F007 | | * * ** *| ** * * ******| 

F127 | | * ** *|*** * * ******| 

F151 | | * ** |*** * ******| 

F117 | | ** | **** * *** **| 

F128 | | ** |*** * ******| 

F063 | | *** * * | ** * * *******|* 

F083 | | * * | ** * **** ******| 

F099 | |** * ** | ** ****** ******|* 

F136 | | * * **| * * ** * *******|* 

E082 | | * * *| ** * * *******| * 

F027 * | |**** * * | ** * ** * **** |* * 

F085 | |** *** *|*** *** ******| 

E116 | |****** * | **** * * * ******| 

F096 | | * * | * * * * ******|** * 

F122 | |** * * | ** * * * ******| * 

F041 | |* * * | * * * ******| * 

F141 | |*** ** | ** * * ***** |**** 

F043 * | |** * ** | * **** *** * | * 

D27 * | | **** |*** ***** * * * | 

F013 | |** |*** * * ***** | 

F132 | |** * |*** ** ***** | 

E048 * | *|** * |******* * ***** | 

F073 *| |** |*** ** ******|* * 

F089 | |** | * ** * ***** |* * 

F081 * | |** * * |* * ***** | 

F030 | |** |** * ** ** * | * 

F032 | |* |*** ** * * *******| * 

F168 | | * |*** ** * * *******|** * 

F070 * | |** * * |*** ** * *******| * * 

F086 | |** * * |**** * * ** ***| * 

F088 | | *** *|* * ** * * *******| * 

F115 | | * * ** |* **** * * ******| 

A12 | | ***|* **** * * *******| 

F112 * * | | * * | * *** * * ***** | 

F145 | | * | * ** * * *** *| 

F097 | | * * * |* * * * * ******|* * 

F120 *| | * * | * ** * * *** * |* 

F107 * | | ** | * *** *******| * 

F129 * | | ** |* * * *******|** * * 

F144 * | | * | * * *** ***| * * * 

-----+--+----------+------------------+-------- 

F003 * | | ** |* * * *** | 

F065 | | * * |* ******| 

F124 * **| | * |* * ***** | 

F014 * *| |* * |** * * ******* | 

F039 ****| |* * |** ** *******| * 

F084 *| |* |** * *** * | * 

F017 | | * * * |** * ** *******| * 

F038 |* |* * * * | *** * *******| 

F171 | |* * * | * ** * ***** | * * 

F069 * |* | * | * * ** * ** * | 

F024 * *| |* * | * *** *| 

F037 |* |* * |** * *** | 

F044 | |* * |** * * * *** | 

F058 * | |* * | * * * ** | 

-----+--+----------+------------------+-------- 

F004 | |* * | * *** * ******| * 

F025 * | |* | ******** ******| 

A18 | | | * *** ******| * 

B02 | | | ****** ***** | 

F023 | |** | * *** ******| 

E101 | |** | *** *** ******| 

F163 | |** * | * **** ***** | 

F015 | |* | * ** ******| * * 

A06 | | * | ** ** ******| * 

A07 | | * *|* * * * **** *| 

A21 | | * ** |* ** ** ******|* 

E105 | |** * * |* ** *** *** **| * 

F008 | | | * * ** ***** | 

F121 | | * *| * * *** ******| 

A05 | | * | * *** ***** | 

F050 * * | |* * * | * ** ***** | 

F108 | | * * | * * * ******| 

F051 | |* * ****| ** ** ******| 

F018 | |* ** |* * * * ******| * 

F076 | |* **** |* *** * * ** **| 

F079 | |* ** *| *** * * ******| * 

F123 | |** *** | * * * **** *| * 

F143 | |** ** *|* * * ******| * 

-----+--+----------+------------------+-------- 

F021 | |** | * * * ** | * 

E104 | |* | * **** | * 

F059 | |* *|*** ******| 

E076 | | *| * ******| 

E057 | *|* *| * *** ****** *| * 

E059 | | *| * * * ********| 

E071 | *|* *| * ********| 

E056 | |* *| ***** *| 

E073 | |* | * * ***** | * 

E054 | | *| * * * ***** | 

E014 * | | |* * ** * ***** | ** 

F098 * | |* *| * ** * *** *| * * 

F146 | |* | ***** * **** *| * 

F169 | | *| * ** * **** *| * 

 

*** NODA TOTALS *** 

Number of presences per group pair 

ROW GROUPS COLUMN GROUPS 

1 2 3 4 5 

1 64.0 21.0267.0*****364.0***** 

2 20.0 2.0170.0679.0 72.0943.0 

3 15.0 3.0 29.0113.0 5.0165.0 

4 3.0 0.0 57.0232.0 11.0303.0 

5 2.0 2.0 19.0116.0 10.0149.0 

104.0 28.0542.0*****462.0***** 

 

*** NODA PROPORTIONS *** 

Proportion of presences per site in 

each group pair 

ROW GROUPS COLUMN GROUPS 

1 2 3 4 5 

1 0.08 0.07 0.17 0.77 0.29 0.43 

2 0.06 0.02 0.27 0.60 0.14 0.35 

3 0.21 0.11 0.21 0.45 0.04 0.27 

4 0.03 0.00 0.25 0.56 0.06 0.31 

5 0.03 0.07 0.14 0.46 0.09 0.25 

0.05 0.01 0.25 1.53 0.21 0.38 

 

*** NODA TOTALS / ROWS IN NODA *** 

Equivalent to N Taxa/site 

ROW GROUPS COLUMN GROUPS 

1 2 3 4 5 

1 0.4 0.1 1.7 13.8 2.3 18.4 

2 0.3 0.0 2.7 10.8 1.1 15.0 

3 1.1 0.2 2.1 8.1 0.4 11.8 

4 0.1 0.0 2.5 10.1 0.5 13.2 

5 0.1 0.1 1.4 8.3 0.7 10.6 

 

*** NODA TOTALS / COLUMNS IN NODA *** 

Equivalent to N sites/taxon 

ROW GROUPS COLUMN GROUPS 

1 2 3 4 5 

1 12.8 10.5 26.7120.4 45.5 

2 4.0 1.0 17.0 37.7 9.0 

3 3.0 1.5 2.9 6.3 0.6 

4 0.6 0.0 5.7 12.9 1.4 

5 0.4 1.0 1.9 6.4 1.3 

20.8 14.0 54.2183.7 57.8 

 

*** (OBSERVED-EXPECTED)/EXPECTED *** 

ROW GROUPS COLUMN GROUPS 

1 2 3 4 5 

1 -0.1 0.2 -0.2 0.0 0.2 

2 -0.1 -0.7 0.5 0.0 -0.3 

3 2.9 1.9 0.4 -0.1 -0.7 

4 -0.6 -1.0 0.5 0.0 -0.7 

5 -0.4 1.1 0.0 0.0 -0.4 

OVERALL CHI-SQUARE : 17.092 DF : 16
Appendix 8: Results from final Twinspan analysis for five groups 

This is based on the UPGMA of presence/absence results (as a Bray Curtis dissimilarity matrix). See Figure 7 for the relevant dendrogram. 

******************************************************************************** 

# THERE ARE 43 ITEMS 

1 TURB EL 56 *11000 

2 GHYD ROBI 24 *1000 

3 OLIG OCH 20 *0100 

4 HYDR ACAR 20 *0100 

5 PARA MEL 22 *0110 

6 EUSI RID 13 *101 

7 PHRE AT 36 *00100 

8 EUST HEN 46 *01110 

9 AUST ROP 19 *0011 

10 GRIP OPT 85 *010101 

11 NOTO NEM 37 *00101 

12 LEPT OPHL 85 *010101 

13 BAET IDAE 47 *01111 

14 AESH NID 22 *0110 

15 CHIR ONOM 22 *0110 

16 ORTH OCLA 43 *01011 

17 PODO MIN 84 *010100 

18 TANY POD 37 *00101 

19 DIAM ESIN 19 *0011 

20 SIMU LID 85 *010101 

21 TIPU LID 46 *01110 

22 ATHE RIC 24 *1000 

23 BLEP HER 8 *000 

24 CERA TOPG 56 *11000 

25 EMPI DID 25 *1001 

26 DUNI DPUP 37 *00101 

27 CALO CID 57 *11001 

28 CONO ESUC 47 *01111 

29 GLOS SOM 57 *11001 

30 HELI COPH 22 *0110 

31 HELI COPS 15 *111 

32 HYDR OBIO 85 *010101 

33 HYDR OPSY 25 *1001 

34 LEPT OCER 25 *1001 

35 PHIL OPOT 19 *0011 

36 PHIL ORHE 57 *11001 

37 TASI MIID 24 *1000 

38 TUNI DPUP 36 *00100 

39 ADTE LMID 47 *01111 

40 ADDY TISC 13 *101 

41 LARE LMID 25 *1001 

42 SCIR TID 47 *01111 

43 PSEP HEN 29 *1101 

ORDER OF SAMPLES 

22 1 ! 48 8 ! 88 0 ! 226 0 ! 52 0 ! 132 4 ! 29 0 ! 38 0 

117 0 ! 137 1 ! 36 0 ! 64 1 ! 99 0 ! 54 1 ! 66 0 ! 141 14 

240 0 ! 248 0 ! 252 0 ! 258 0 ! 229 0 ! 233 0 ! 266 1 ! 268 7 

128 0 ! 192 18 ! 195 0 ! 203 0 ! 231 4 ! 255 0 ! 257 0 ! 173 0 

177 1 ! 186 0 ! 206 4 ! 208 0 ! 214 0 ! 215 5 ! 220 0 ! 221 0 

224 1 ! 151 0 ! 184 12 ! 194 0 ! 213 0 ! 216 0 ! 217 0 ! 219 1 

222 0 ! 147 0 ! 152 0 ! 170 1 ! 183 1 ! 185 16 ! 187 2 ! 190 0 

191 7 ! 193 0 ! 197 0 ! 199 0 ! 202 2 ! 204 11 ! 205 16 ! 207 2 

212 0 ! 223 7 ! 225 65 ! 166 0 ! 179 0 ! 180 9 ! 181 0 ! 189 1 

198 0 ! 200 1 ! 201 3 ! 210 0 ! 87 0 ! 92 0 ! 161 6 ! 164 3 

167 0 ! 174 0 ! 211 0 ! 227 12 ! 110 0 ! 142 9 ! 171 2 ! 182 13 

250 1 ! 256 0 ! 93 0 ! 94 0 ! 23 0 ! 57 0 ! 113 0 ! 123 0 

145 0 ! 32 3 ! 58 0 ! 79 0 ! 86 0 ! 114 6 ! 116 1 ! 119 5 

127 0 ! 133 0 ! 134 0 ! 135 0 ! 150 0 ! 172 0 ! 260 0 ! 261 0 

37 0 ! 125 4 ! 158 0 ! 168 2 ! 175 0 ! 234 0 ! 247 6 ! 263 0 

75 1 ! 149 23 ! 156 1 ! 55 0 ! 97 1 ! 118 8 ! 178 0 ! 241 3 
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112 0 ! 176 0 ! 218 0 ! 245 0 ! 35 0 ! 43 0 ! 138 0 ! 82 2 

262 0 ! 146 0 ! 243 0 ! 244 0 ! 253 0 ! 264 0 ! 265 0 ! 143 0 

235 20 ! 237 0 ! 242 0 ! 269 0 ! 271 3 ! 24 0 ! 73 0 ! 84 0 

90 0 ! 107 1 ! 124 0 ! 129 0 ! 249 2 ! 259 0 ! 270 56 ! 50 0 

238 1 ! 11 0 ! 17 1 ! 162 6 ! 7 0 ! 153 0 ! 154 0 ! 155 2 

169 0 ! 196 0 ! 3 3 ! 59 1 ! 106 5 ! 209 0 ! 14 0 ! 40 0 

45 49 ! 68 0 ! 91 0 ! 102 2 ! 115 0 ! 254 0 ! 4 2 ! 19 0 

131 1 ! 236 0 ! 239 0 ! 251 0 ! 159 0 ! 41 0 ! 42 2 ! 85 0 

98 20 ! 101 0 ! 62 0 ! 100 0 ! 109 0 ! 126 0 ! 160 0 ! 163 0 

228 4 ! 20 6 ! 33 0 ! 80 0 ! 81 0 ! 103 1 ! 120 3 ! 6 0 

25 0 ! 49 0 ! 51 0 ! 70 0 ! 78 0 ! 83 0 ! 108 0 ! 130 0 

144 0 ! 5 3 ! 8 0 ! 44 0 ! 71 0 ! 96 13 ! 136 0 ! 157 1 

9 0 ! 74 0 ! 77 0 ! 95 0 ! 111 0 ! 230 1 ! 26 0 ! 60 0 

72 0 ! 165 0 ! 30 1 ! 139 5 ! 188 6 ! 13 1 ! 31 0 ! 63 1 

76 0 ! 232 20 ! 1 0 ! 16 4 ! 34 2 ! 12 45 ! 15 3 ! 21 0 

61 0 ! 89 1 ! 121 0 ! 140 0 ! 246 0 ! 47 0 ! 65 0 ! 67 0 

104 0 ! 122 0 ! 267 0 ! 27 2 ! 28 0 ! 56 0 ! 148 0 ! 18 0 

2 0 ! 39 0 ! 53 0 ! 105 0 ! 10 2 ! 46 0 ! 69 1 ! 

ORDER OF SPECIES INCLUDING RARER ONES 

31 HELI COPS! 43 PSEP HEN ! 36 PHIL ORHE! 29 GLOS SOM ! 27 CALO CID ! 24 CERA TOPG! 1 TURB EL ! 40 ADDY TISC 

6 EUSI RID ! 41 LARE LMID! 34 LEPT OCER! 33 HYDR OPSY! 25 EMPI DID ! 37 TASI MIID! 22 ATHE RIC ! 2 GHYD ROBI 

42 SCIR TID ! 39 ADTE LMID! 28 CONO ESUC! 13 BAET IDAE! 21 TIPU LID ! 8 EUST HEN ! 30 HELI COPH! 15 CHIR ONOM 

14 AESH NID ! 5 PARA MEL ! 16 ORTH OCLA! 32 HYDR OBIO! 20 SIMU LID ! 12 LEPT OPHL! 10 GRIP OPT ! 17 PODO MIN 

4 HYDR ACAR! 3 OLIG OCH ! 35 PHIL OPOT! 19 DIAM ESIN! 9 AUST ROP ! 26 DUNI DPUP! 18 TANY POD ! 11 NOTO NEM 

38 TUNI DPUP! 7 PHRE AT ! 23 BLEP HER ! 

1 

 

2 1 11 1222222221112222111222222211122222111111111112222222111111222 111122111122 111 

2482532313369564445523662990355778001122258911112457888999990000122678889001896667121478559925124357 

2886229877649461082893688253157376684501414436792720357013792457235690198010721474170212063437335289 

31 HELI COPS -1--------11--1------11--11111-----------1111-1-1--111111-111-11-1---1-1-------------11-11---------1 111 

43 PSEP HEN 11--1---------------------------11-------11111111-11111-11--11---1-11111111--11111--1111-111-1111111 1101 

36 PHIL ORHE -1-------11111111111111--1111---1111--1111111111--111111111--11111-111111111111111-1-11111-------111 11001 

29 GLOS SOM 11-1----1111-11--1----11-1-11---111--1-11------1-1---1111-1--11-1111111-111111----1-----1111-----111 11001 

27 CALO CID 111-1-11-11-1-11--11-1---111--1-111--111111-11-1-111-11111-11111111111-1111-1-------1-----1-11111-1- 11001 

24 CERA TOPG -----------1-------------------------------------------------------1-------1------------------------ 11000 

1 TURB EL -1--11------------------1-1----------------1-----------------1-----1-----------------11---11-1------ 11000 

40 ADDY TISC --------------------1111----1-1-------------------1------------------------------------------------- 101 

6 EUSI RID -1--111-------1----------------------------------------------------------------------1----1-------1- 101 

41 LARE LMID 1-111-1-111--11111111111111111-111111111111-11-11------1-----------111111--11-1111111--111-111-11-1- 1001 

34 LEPT OCER 111111-1111111111-1111111111--1111111111111111111111111-1111111111111111111111111111-1111111--1--1-1 1001 

33 HYDR OPSY 1111------1-111---1--11111111-11111111-11-11111111111111--111111-11111111-11111-1-11--1--1111-1-11-1 1001 

25 EMPI DID ----------111---------1-------------------------11-----11------1--------1----1-11----------1-------- 1001 
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37 TASI MIID 11---11---1--------------1----------------------------1-----1----1------------------------11-------- 1000 

22 ATHE RIC 1------------1--1-1-11---1---1---1----------------------1---1------1-------------------------------- 1000 

2 GHYD ROBI -111111111------------11--1--1---11-1-11---1---11----1-1-----------------1----------1111-1-1---1---- 1000 

42 SCIR TID 1--1111111-1--11-1-1-111-11----11111111111111-111-11111-1-1111----11111111-1--1--111-111-1-1-----111 01111 

39 ADTE LMID 1111111--1--111111-11111-11111-111111111111111111--11111111--111111111111111-1111111-111-1-111-11-11 01111 

28 CONO ESUC ----11-1111-111---111111111-11-1111-11--1-1-11-1-1--11111111-11111111111-1111-111111-11-11-1111-1111 01111 

13 BAET IDAE 111111-11111111-1111-111111111111111111111111111111111111111111-11111111111111111111111111-1111-1-1- 01111 

21 TIPU LID --1------------111---------11---1--111111-1---------1-1111-1111-1--11-111-1--11--111--111111------1- 01110 

8 EUST HEN ----1--1--111---11111111-111111--1-1-1----11-1111-11111-11-1111111-1111111111111111111111111111-1-1- 01110 

30 HELI COPH ---------------------------1---------1---1---------11--1-1------1-----11-111----1-111-1----1---1--11 0110 

15 CHIR ONOM 11-1111-111-11111--1--1-111------1-1---1-1111-1111--111-1111-11-1111111111111111-111------1111111--1 0110 

14 AESH NID ----1--------1-----------------------------1----1-----1-------1----111---111-1---11-1-11--1-----11-- 0110 

5 PARA MEL ------1----1-----------------1--111---1-11--------111111---11-1111111111111111-111111111-1-111--1111 0110 

16 ORTH OCLA 1111111-11-11-11111--11-11-11--1111111111111111111-1-11111111111111111111111111111111111111-1111111- 01011 

32 HYDR OBIO 11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111-1111 010101 

20 SIMU LID -1111111-11-111-11111-1111111111111111111--111-111111111111111111111-11111111111111111111111111111-1 010101 

12 LEPT OPHL 111111111111-111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 010101 

10 GRIP OPT 11--1-11-111111-111111-111111111-1-1--11-1111111111111111111111111-11-111111111111111111111111111111 010101 

17 PODO MIN 11--111111111---11111-11-------1--11-1---1-1111111111111111111--1111-1111-11111111-111-1111-111111-1 010100 

4 HYDR ACAR 111-11----1111111111-111------------------------------------------------------------1----1-1-1111--1 0100 

3 OLIG OCH 111-11111111-111111-111-----1-----------------------------------------------1--------1--11--11---111 0100 

35 PHIL OPOT 1-1----------------------------------------------1-1----------1----1---1--1-11-1---1-----1---------- 0011 

19 DIAM ESIN --------------------------------------------------------1-1--------1--1111----11-----1-1-----1------ 0011 

9 AUST ROP -----------------------1-------------------------------------------1-111--1111111111-1--1-11-------- 0011 

26 DUNI DPUP -----1----111----------------------------------------------------------------1-------1--1--1-1------ 00101 

18 TANY POD ---------------------------------------------1--------------------1--------------------------------- 00101 

11 NOTO NEM ---------------------------------------1------------------------------------------------------------ 00101 

38 TUNI DPUP ------1--1---1----------------------------------------------------------------------11-------------1 00100 

7 PHRE AT ------11-------------1------------------------------------------------------1------------11--------- 00100 

23 BLEP HER --------------------1-------------------------------------------------------1-1-1111----------1----- 000 

0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000 

0000000000000000000000001111111111111111111111111111111111111111111111111111111111111111111111111111 

0000000000111111111111110000000000000000000000000000000000000000000000000000000000000000000011111111 

0000111111000111111111110000000000000000000000000000000000000000000111111111111111111111111100000000 

001111 000000011110000000000000000011111111111111111111111111000000000000000001111111100000000 

0011111 0000000111111111100000000111111111111111111000000000111111110000001100000111 

1 

 

11111111122 1111222 11 1121122 1 2122222122222 111222 2 1 11111 12 112 12221 1 11111 

8111233357663256734674559174171434386444566433467278902245753116 55569 50014469015 13335544890600266 

6469734502017588547359657881268553822634345357291434074999008172734596396940581254491691912581209603 

31 HELI COPS -----------1--------------------1---------------1--------------------------------------------------- 111 
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43 PSEP HEN 1-1--11111--111-1---111-1-------1--11------------1---------1-----------1-------------------1------1- 1101 

36 PHIL ORHE 1-11111-11111111111111111111-1111111-1-----1-11-1----------1------------------------111-------1--111 11001 

29 GLOS SOM -1111-11--1-1-----------1---1-1------1--1--------11------------------1-----------1------------------ 11001 

27 CALO CID 1-1111111------111-------1-1111--1------------------------------------------------1----------------- 11001 

24 CERA TOPG -----------------------11111-1--11------------------------------------------------------------------ 11000 

1 TURB EL 1-------------------1-1------------1---------------------------------------------------------------- 11000 

40 ADDY TISC --------1----------1-------1--1---------------1----------------------------------------------------- 101 

6 EUSI RID ---------------------------------------------------------------------------------------------------- 101 

41 LARE LMID 11--1--1---1--11111111111-111111-11---1111-111111-111--1111-1-----------11--1---1-1-11-11-----1----- 1001 

34 LEPT OCER 11111-1111111111111----11111111111----------1------111--1--11-11-1-11111111-11-111-111-1-1-1--1--11- 1001 

33 HYDR OPSY 1111111111111--111--111-----1111--1--------1-----111-111-11-1--------11---1-11--11111-111-11111----- 1001 

25 EMPI DID 1------111-----------------11-1------------------------------1----1-------------------------------11 1001 

37 TASI MIID -------1-------------------------------------------------------------------------------------------- 1000 

22 ATHE RIC -----11-1---1-1111--111-------1-111-------------------------11-1---------------------------------1-- 1000 

2 GHYD ROBI ----------------------------------------------------1-----------------------------11---------------- 1000 

42 SCIR TID 1111-1-11-1-11111-111111-11111111111-1-1-------1---1-1-1-----11-111111-111-11111-1111111-1----11-1-- 01111 

39 ADTE LMID 1111-1111111111111-111111-111111-11111-111--11111-11--11--11-111111-111--1-111-11-11-1111---111--111 01111 

28 CONO ESUC 1--1-1-11111111-1-11-111111111111-11---1---11--111111111-111---1----1-1111-------1111-11111-111--111 01111 

13 BAET IDAE 11111111--11-11-1111-1-1-1-11-1------1-111-1-1-111111111111-----1-1-11---11-111111111-111-1111111111 01111 

21 TIPU LID 1111-1----11--11-111-11111111-111-1---------1--11------------111--111-1--1-1-----1-1111-1--11-11---1 01110 

8 EUST HEN 1111111111111-11111111111--1-----------1-11-----111111--11111---11------1111111111111111111111111111 01110 

30 HELI COPH 11----111-11-----------111--11-1---1-------------1--1----11-----------1111-------------------------- 0110 

15 CHIR ONOM --111111111-1-----111--111--1111111--------111-1---1-111-1-11----------------1----------------111111 0110 

14 AESH NID 1------1-------------1----------1-1----------------1----------------------------1----------1-1------ 0110 

5 PARA MEL 1-11--1111111--11-1-11111111-1-1111--------------11----------------1----1-------------1111-11-1-11-- 0110 

16 ORTH OCLA -111111111111-11111-11--11111111-11-1-----11111-111111-1--111111111-111111-1-11111-11111111-11111111 01011 

32 HYDR OBIO 11111111111111111111111-1111111111111111111111111111111111111111111111111111111111111111111111111111 010101 

20 SIMU LID 1111-111-1111111111111111-111111--1-111111111111111111-11111111111111111111111111111111111111-1-1111 010101 

12 LEPT OPHL 11111111-1111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 010101 

10 GRIP OPT 11111111111111111111111111111-111111-111111-11111111111111111111111111111-11111111111111111111111111 010101 

17 PODO MIN -11111-1-----1-1-11--1--11-1---11111-111--11111-1-11111111-11111--11-1111111111111-111-11--11-111111 010100 

4 HYDR ACAR 1-11-111---1--------1--111-1----1-1---------------1-1111--111-1-----------------------------1------- 0100 

3 OLIG OCH 11111111--1111---1111--111--1---11111-111--11-111--1---1-111-11-------1-1-111-----11111-------1--1-- 0100 

35 PHIL OPOT --------------------11-----------------------------------------------------1-----11-----1111111---11 0011 

19 DIAM ESIN --------------1------1-------------------------------1---1-------------1---1--1-11--1---1-----1----- 0011 

9 AUST ROP -1---111---------1----1-------------------------11---------11----111-----1-111-111--1-11--1-1-111-11 0011 

26 DUNI DPUP ---------------------------1----------------------1------------------------1-11-1-1-1-------1------- 00101 

18 TANY POD ---------------11----1-111--1----1--------------------------------------------------------1----11-1- 00101 

11 NOTO NEM -1--1----------------1-1-1-11-----1-----------------------------------1----------------------------- 00101 

38 TUNI DPUP 1-1--1---------------------------1----------------1-1------------------------------------1---11--1-- 00100 

7 PHRE AT ---------------------------------------------------------------------------------------------1------ 00100 

23 BLEP HER -------1---11--1-11----------------1-111-11-111-1111-1-1---11------1-------1---11---11111----------- 000 
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0000000000000000000000000000000000011111111111111111111111111111111111111111111111111111111111111111 

1111111111111111111111111111111111100000000000000000000000000000000000000000000000000000011111111111 

1111111111111111111111111111111111100000000000000000000000000111111111111111111111111111100000000000 

0000000000000000000000011111111111100000000000000111111111111000000000000011111111111111100000000000 

0000000000001111111111100000000011100111111111111001111111111000000000111100000000001111100000000000 

11111111111100000000111000001111 000000111111 0000000011000111111 00000000110000100000111111 

1 

 

2 11 111 11 12 1 11 2 112 112 1 1 

2238802 245778034 47935 77913267633813673 131126824446602622541 350146 

80301306591083804584166794751060250983136216425119106757427786882935069 

31 HELI COPS --------1-----------------------------------------------------1-------- 111 

43 PSEP HEN ---1--1----------11--11-----------------------------------1------------ 1101 

36 PHIL ORHE ---------------------1-1------1----1-1-111----1-11------------------1-1 11001 

29 GLOS SOM -----------------1-1-----------------------1--------------------------- 11001 

27 CALO CID --11111-1-------1--11----------11---------11-------------1------------1 11001 

24 CERA TOPG ------------------------------------------------1----------111--------- 11000 

1 TURB EL -----------------------------1------------------1------1-------------1- 11000 

40 ADDY TISC -----------------------------1----------------------------------------- 101 

6 EUSI RID ---------------------------1-------------------------------------1-1--- 101 

41 LARE LMID ----------1-1--------------------------------1---11---------11------1-- 1001 

34 LEPT OCER 1111-1-11-1111--111---11-1---1-1-1-11---11111---1-111-----1--------1--- 1001 

33 HYDR OPSY -11111--11---11-1111--111111-11-1-------------------------------------- 1001 

25 EMPI DID -1----1------------1-1-1-------------------1--------------------------- 1001 

37 TASI MIID 1-1----------------1---------------1-------------------------1--------- 1000 

22 ATHE RIC ----------------------1--------------11-1-11-----1--------------------- 1000 

2 GHYD ROBI -1-------------------------1-------1--------------1------------111-11-- 1000 

42 SCIR TID 1-1---1-111--1--1--------------------111111111-111111-1-111--1---1----- 01111 

39 ADTE LMID 111-1---11--11-----11-11---1-----1--1------1-11111111-----1-111-11--1-- 01111 

28 CONO ESUC 1----------1-1--1111111111111111--111----------1-1-1--1-11------------- 01111 

13 BAET IDAE 11-1111111-11111-111------1111--------11-11-1-----1-----------1--1----- 01111 

21 TIPU LID --------------------1------1-1--11---1-1-1-1-1--1---1-1---11111-1---11- 01110 

8 EUST HEN 111111111111111111111-1-1---111111111--111------1---11111-1-1---------- 01110 

30 HELI COPH ---------1--1---11-------1----1-1---1-----1--1111-----1-1-----1-------- 0110 

15 CHIR ONOM 11---111111111111111111111-111-1--1---1-111111-11111111----11111----111 0110 

14 AESH NID -1-11-1---1--1-----------11---1111111---1------------------------------ 0110 

5 PARA MEL 1---1---11-11-11111-11111-1-11-1111111-1--1111-1--1--1-1-111----1-111-1 0110 

16 ORTH OCLA 111111111111111111111111111111-11111-111-111-1-111111111-11-111-1111111 01011 

32 HYDR OBIO 11111111111111111111-111111111111111111-1111111-111111111111111111111-1 010101 

20 SIMU LID -1-111111111111111111111111111111111111-1111111--111111111-11-11111111- 010101 

12 LEPT OPHL -111111111111111111111111111111111111111111111-11111111111111111-111111 010101 

10 GRIP OPT 1-111111111111111111111111111111111111111111-11111111111111-1-1--1111-1 010101 

17 PODO MIN ---111-11111111111111111------11-1111111111--1--111-111-111-1--1--1---- 010100 

4 HYDR ACAR -111-111-1-111-----111--11-11111---------11--11111111--1111------------ 0100 

3 OLIG OCH -11--11-11-111------11--11--11111--1-11111111-111111111111111-11-1--111 0100 

35 PHIL OPOT 111-1-11-----11111------------1--1----11-1-1--------------------------- 0011 

19 DIAM ESIN 1---------1------11-1------111----111-----------------------1----11---- 0011 

9 AUST ROP 1-1---111-1-1111---1----------1-11111--1----------------1-1------------ 0011 

26 DUNI DPUP -11--1-1--1111111-----1------------------1-1-1---------1-1--1-1-11--1-- 00101 

18 TANY POD 11-111-----1----1--------------------1-1-1-1-1--11----111--11111------- 00101 

11 NOTO NEM ----------11-----1-11--1---------1---1-1-1--1------1--1-111-----1-11-1- 00101 

38 TUNI DPUP -1--1-1--11---------------------------1--1----------------------------- 00100 

7 PHRE AT -------------------------------1-------------------------------1---11-1 00100 

23 BLEP HER -------1---1--1-------1------------1-----------------11--1------------- 000 

11111111111111111111111111111111111111111111111111111111111111111111111 

11111111111111111111111111111111111111111111111111111111111111111111111 

00000000000000000000000000000000000001111111111111111111111111111111111 

00000000000000000111111111111111111110000000000000000000000111111111111 

01111111111111111000000000000011111110000000011111111111111000001111111 

10000001111111111000000011111100001110000011100000000111111000010000111
Appendix 9: Output of final discriminant function analysis for five groups 

This is based on the UPGMA of presence/absence data (as a Bray Curtis dissimilarity matrix), with a ß value of -0.1. See Figure 7 for the relevant dendrogram. 

This is based on the UPGMA of presence/absence data (as a Bray Curtis dissimilarity matrix), with a &szlig; value of -0.1. See Figure 7 for the relevant dendrogram.

Group frequencies

-----------------

                         1            2            3            4            5

 Frequencies           121           51           14           18            8

 

Group means

-----------

 EASTING        467258.678   489735.294   501114.286   457377.778   418175.000

 NORTHING      5398457.025  5302643.137  5370964.286  5335788.889  5318450.000

 ELEVAT              5.048        5.362        4.676        4.788        4.656

 BEDSLOPE            0.012        0.041        0.013        0.036        0.007

 STMCLASS            3.421        2.686        3.000        3.167        4.750

 DISTSOUR            2.781        2.188        2.294        2.524        3.477

 CATCHSIZ            4.007        3.109        3.134        3.585        5.525

 BEDRKCAT            0.339        0.706        0.0          0.944        0.250

 BOULDCAT            1.636        2.235        0.643        1.667        1.000

 COBLECAT            3.066        2.784        2.214        2.111        2.625

 PEBLECAT            2.025        1.686        2.143        1.611        2.000

 GRAVCAT             1.058        0.588        1.786        1.056        1.250

 SANDCAT             0.455        0.176        1.143        1.000        0.500

 STDEPTH             1.636        1.490        1.571        1.444        2.125

 AVWWDTH            11.462        8.069        8.049        7.763       27.515

 LCONDUCT            4.231        4.289        5.121        4.455        4.555

 PERIFFLE            0.730        0.955        0.497        0.758        0.657

 PERUN               0.559        0.418        0.829        0.496        0.803

 PERPOOL             0.368        0.302        0.318        0.421        0.214

 PERSNAG             0.177        0.147        0.120        0.251        0.258

 PH                  6.280        6.655        6.521        6.428        6.700

 LALK                2.873        2.946        2.868        2.623        3.308

 

Classification functions

----------------------

                         1            2            3            4            5

 Constant           -1.609       -1.609       -1.609       -1.609       -1.609

 

  Variable    F-to-remove  Tolerance |   Variable     F-to-enter  Tolerance

-------------------------------------+-------------------------------------

                                     |    6 EASTING         2.11   1.000000

                                     |    7 NORTHING       22.86   1.000000

                                     |    8 ELEVAT          2.09   1.000000

                                     |    9 BEDSLOPE        8.86   1.000000

                                     |   10 STMCLASS       10.76   1.000000

                                     |   11 DISTSOUR       11.13   1.000000

                                     |   12 CATCHSIZ       10.28   1.000000

                                     |   13 BEDRKCAT        2.54   1.000000

                                     |   14 BOULDCAT        5.97   1.000000

                                     |   15 COBLECAT        5.07   1.000000

                                     |   16 PEBLECAT        1.64   1.000000

                                     |   17 GRAVCAT         7.06   1.000000

                                     |   18 SANDCAT         5.34   1.000000

                                     |   31 STDEPTH         1.68   1.000000

                                     |   33 AVWWDTH         8.84   1.000000

                                     |   35 LCONDUCT        4.55   1.000000

                                     |   36 PERIFFLE        6.28   1.000000

                                     |   37 PERUN           3.99   1.000000

                                     |   38 PERPOOL         0.96   1.000000

                                     |   39 PERSNAG         1.47   1.000000

                                     |   40 PH              3.95   1.000000

                                     |   41 LALK            0.78   1.000000

    -----  There are no variables in the model  -----

 

****************  Step   1  --  Variable NORTHING Entered  ****************

 

Between groups F-matrix  --  df =     1    207

----------------------------------------------

                         1            2            3            4            5

 1                   0.0

 2                  82.067        0.0

 3                   2.363       12.776        0.0

 4                  15.333        3.642        2.428        0.0

 5                  11.968        0.431        3.498        0.415        0.0

 

Wilks' lambda

   Lambda =     0.6936    df =     1     4   207

 Approx. F=    22.8565    df =     4   207     prob =  0.0000

 

Classification functions

----------------------

                         1            2            3            4            5

 Constant        -3632.353    -3504.617    -3595.466    -3548.547    -3525.532

 NORTHING            0.001        0.001        0.001        0.001        0.001
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Variable    F-to-remove  Tolerance |   Variable     F-to-enter  Tolerance

-------------------------------------+-------------------------------------

   7 NORTHING       22.86   1.000000 |    6 EASTING         2.11   0.963957

                                     |    8 ELEVAT          2.50   0.991352

                                     |    9 BEDSLOPE        3.45   0.936758

                                     |   10 STMCLASS        8.80   0.983745

                                     |   11 DISTSOUR        8.20   0.980112

                                     |   12 CATCHSIZ        8.70   0.994643

                                     |   13 BEDRKCAT        2.23   0.999907

                                     |   14 BOULDCAT        4.80   0.982872

                                     |   15 COBLECAT        7.06   0.960922

                                     |   16 PEBLECAT        2.14   0.990386

                                     |   17 GRAVCAT         5.20   0.969610

                                     |   18 SANDCAT         5.16   0.966825

                                     |   31 STDEPTH         1.50   0.995350

                                     |   33 AVWWDTH         8.54   0.992234

                                     |   35 LCONDUCT        4.55   0.978445

                                     |   36 PERIFFLE        3.94   0.964994

                                     |   37 PERUN           3.34   0.972094

                                     |   38 PERPOOL         1.11   0.997015

                                     |   39 PERSNAG         1.46   0.999931

                                     |   40 PH              0.40   0.845273

                                     |   41 LALK            1.76   0.918911

 

Classification matrix (cases in row categories classified into columns)

---------------------

                      1         2         3         4         5  %correct

 1                   91         9        14         7         0        75

 2                    6        27         8         8         2        53

 3                    8         3         0         0         3         0

 4                    4         6         5         2         1        11

 5                    2         6         0         0         0         0

 

    Total           111        51        27        17         6        57

 

Jackknifed classification matrix

--------------------------------

                      1         2         3         4         5  %correct

 1                   91         9        14         7         0        75

 2                    6        27         8         8         2        53

 3                    8         3         0         0         3         0

 4                    4         6         5         2         1        11

 5                    2         6         0         0         0         0

 

    Total           111        51        27        17         6        57

 

****************  Step   2  --  Variable DISTSOUR Entered  ****************

 

Between groups F-matrix  --  df =     2    206

----------------------------------------------

                         1            2            3            4            5

 1                   0.0

 2                  48.953        0.0

 3                   3.971        6.357        0.0

 4                   8.098        3.031        1.912        0.0

 5                  11.553       12.619       10.822        6.159        0.0

 

Wilks' lambda

   Lambda =     0.5983    df =     2     4   207

 Approx. F=    15.0780    df =     8   412     prob =  0.0000

 

Classification functions

----------------------

                         1            2            3            4            5

 Constant        -3664.073    -3541.935    -3632.739    -3582.251    -3548.250

 NORTHING            0.001        0.001        0.001        0.001        0.001

 DISTSOUR          -11.954      -12.966      -12.959      -12.323      -10.117

 

  Variable    F-to-remove  Tolerance |   Variable     F-to-enter  Tolerance

-------------------------------------+-------------------------------------

   7 NORTHING       19.34   0.980112 |    6 EASTING         1.36   0.939942

  11 DISTSOUR        8.20   0.980112 |    8 ELEVAT          1.93   0.908937

                                     |    9 BEDSLOPE        1.88   0.859889

                                     |   10 STMCLASS        2.10   0.476604

                                     |   12 CATCHSIZ        0.86   0.217364

                                     |   13 BEDRKCAT        2.22   0.999672

                                     |   14 BOULDCAT        5.56   0.959072

                                     |   15 COBLECAT        6.56   0.946204

                                     |   16 PEBLECAT        2.28   0.987516

                                     |   17 GRAVCAT         6.41   0.915990

                                     |   18 SANDCAT         5.37   0.935290

                                     |   31 STDEPTH         0.99   0.988392

                                     |   33 AVWWDTH         4.46   0.848909

                                     |   35 LCONDUCT        4.52   0.978352

                                     |   36 PERIFFLE        3.90   0.964897

                                     |   37 PERUN           3.69   0.961485

                                     |   38 PERPOOL         1.23   0.977642

                                     |   39 PERSNAG         1.96   0.986603

                                     |   40 PH              0.40   0.843982

                                     |   41 LALK            1.12   0.876051
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Classification matrix (cases in row categories classified into columns)

---------------------

                      1         2         3         4         5  %correct

 1                   61         6        33         3        18        50

 2                    6        24        10         6         5        47

 3                    3         4         5         1         1        36

 4                    3         6         5         0         4         0

 5                    1         1         1         0         5        63

 

    Total            74        41        54        10        33        45

 

Jackknifed classification matrix

--------------------------------

                      1         2         3         4         5  %correct

 1                   61         6        33         3        18        50

 2                    6        24        10         6         5        47

 3                    5         4         3         1         1        21

 4                    3         6         5         0         4         0

 5                    1         2         1         0         4        50

 

    Total            76        42        52        10        32        43

 

****************  Step   3  --  Variable COBLECAT Entered  ****************

 

Between groups F-matrix  --  df =     3    205

----------------------------------------------

                         1            2            3            4            5

 1                   0.0

 2                  35.473        0.0

 3                   5.628        4.655        0.0

 4                  11.841        3.673        1.455        0.0

 5                   9.442        8.643        7.180        4.220        0.0

 

Wilks' lambda

   Lambda =     0.5305    df =     3     4   207

 Approx. F=    12.2297    df =    12   542     prob =  0.0000

 

Classification functions

----------------------

                         1            2            3            4            5

 Constant        -3892.070    -3759.319    -3842.943    -3786.994    -3758.516

 NORTHING            0.001        0.001        0.001        0.001        0.001

 DISTSOUR          -15.952      -16.870      -16.797      -16.110      -13.955

 COBLECAT           21.193       20.694       20.349       20.083       20.352

 

  Variable    F-to-remove  Tolerance |   Variable     F-to-enter  Tolerance

-------------------------------------+-------------------------------------

   7 NORTHING       21.78   0.935341 |    6 EASTING         1.08   0.920907

  11 DISTSOUR        7.68   0.965100 |    8 ELEVAT          1.82   0.815900

  15 COBLECAT        6.56   0.946204 |    9 BEDSLOPE        1.98   0.857521

                                     |   10 STMCLASS        1.95   0.474369

                                     |   12 CATCHSIZ        0.86   0.214688

                                     |   13 BEDRKCAT        2.63   0.803043

                                     |   14 BOULDCAT        5.16   0.950897

                                     |   16 PEBLECAT        1.70   0.920945

                                     |   17 GRAVCAT         5.92   0.900407

                                     |   18 SANDCAT         3.27   0.803959

                                     |   31 STDEPTH         1.50   0.918327

                                     |   33 AVWWDTH         4.57   0.843609

                                     |   35 LCONDUCT        4.01   0.969614

                                     |   36 PERIFFLE        3.71   0.864057

                                     |   37 PERUN           3.58   0.821884

                                     |   38 PERPOOL         1.30   0.944624

                                     |   39 PERSNAG         1.88   0.971747

                                     |   40 PH              0.57   0.826891

                                     |   41 LALK            0.51   0.808093

 

Classification matrix (cases in row categories classified into columns)

---------------------

                      1         2         3         4         5  %correct

 1                   78         8        20         3        12        64

 2                    6        27         7         6         5        53

 3                    2         5         6         0         1        43

 4                    2         5         5         3         3        17

 5                    0         1         1         0         6        75

 

    Total            88        46        39        12        27        57

 

Jackknifed classification matrix

--------------------------------

                      1         2         3         4         5  %correct

 1                   78         8        20         3        12        64

 2                    6        27         7         6         5        53

 3                    2         5         5         1         1        36

 4                    2         5         5         2         4        11

 5                    1         2         1         0         4        50

 

    Total            89        47        38        12        26        55

 

****************  Step   4  --  Variable BOULDCAT Entered  ****************
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Between groups F-matrix  --  df =     4    204

----------------------------------------------

                         1            2            3            4            5

 1                   0.0

 2                  28.347        0.0

 3                   5.800        7.239        0.0

 4                   8.842        3.333        2.192        0.0

 5                   8.310        9.271        5.373        4.164        0.0

 

Wilks' lambda

   Lambda =     0.4817    df =     4     4   207

 Approx. F=    10.5166    df =    16   623     prob =  0.0000

 

Classification functions

----------------------

                         1            2            3            4            5

 Constant        -3965.392    -3838.320    -3907.813    -3860.747    -3822.172

 NORTHING            0.001        0.001        0.001        0.001        0.001

 DISTSOUR          -18.617      -19.636      -19.303      -18.783      -16.439

 BOULDCAT           10.309       10.701        9.696       10.339        9.605

 COBLECAT           20.078       19.537       19.301       18.965       19.314

 

  Variable    F-to-remove  Tolerance |   Variable     F-to-enter  Tolerance

-------------------------------------+-------------------------------------

   7 NORTHING       20.00   0.919377 |    6 EASTING         1.12   0.902675

  11 DISTSOUR        8.46   0.945089 |    8 ELEVAT          1.24   0.771395

  14 BOULDCAT        5.16   0.950897 |    9 BEDSLOPE        1.43   0.844655

  15 COBLECAT        6.15   0.938138 |   10 STMCLASS        1.27   0.461939

                                     |   12 CATCHSIZ        0.79   0.214353

                                     |   13 BEDRKCAT        2.77   0.800636

                                     |   16 PEBLECAT        0.45   0.766608

                                     |   17 GRAVCAT         3.26   0.834299

                                     |   18 SANDCAT         1.73   0.709175

                                     |   31 STDEPTH         1.60   0.914875

                                     |   33 AVWWDTH         4.47   0.843605

                                     |   35 LCONDUCT        2.80   0.943758

                                     |   36 PERIFFLE        1.42   0.716325

                                     |   37 PERUN           1.56   0.694395

                                     |   38 PERPOOL         1.28   0.944478

                                     |   39 PERSNAG         1.89   0.923692

                                     |   40 PH              0.42   0.817065

                                     |   41 LALK            0.41   0.806939

 

Classification matrix (cases in row categories classified into columns)

---------------------

                      1         2         3         4         5  %correct

 1                   80         7        16         5        13        66

 2                    7        31         4         7         2        61

 3                    3         3         7         0         1        50

 4                    3         5         4         3         3        17

 5                    1         2         1         0         4        50

 

    Total            94        48        32        15        23        59

 

Jackknifed classification matrix

--------------------------------

                      1         2         3         4         5  %correct

 1                   77         9        16         5        14        64

 2                    7        31         4         7         2        61

 3                    2         4         7         0         1        50

 4                    3         6         4         2         3        11

 5                    1         2         1         0         4        50

 

    Total            90        52        32        14        24        57

 

****************  Step   5  --  Variable AVWWDTH Entered  ****************

 

Between groups F-matrix  --  df =     5    203

----------------------------------------------

                         1            2            3            4            5

 1                   0.0

 2                  22.589        0.0

 3                   4.619        5.776        0.0

 4                   7.115        2.772        1.773        0.0

 5                  10.398       10.625        6.912        6.681        0.0

 

Wilks' lambda

   Lambda =     0.4427    df =     5     4   207

 Approx. F=     9.3856    df =    20   674     prob =  0.0000

 

Classification functions

----------------------

                         1            2            3            4            5

 Constant        -3979.146    -3851.779    -3921.679    -3875.338    -3828.803

 NORTHING            0.001        0.001        0.001        0.001        0.001

 DISTSOUR          -15.453      -16.506      -16.127      -15.524      -14.242

 BOULDCAT           10.319       10.711        9.707       10.350        9.613

 COBLECAT           20.490       19.944       19.714       19.389       19.599

 AVWWDTH            -0.627       -0.620       -0.629       -0.645       -0.435
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Variable    F-to-remove  Tolerance |   Variable     F-to-enter  Tolerance

-------------------------------------+-------------------------------------

   7 NORTHING       20.09   0.916820 |    6 EASTING         0.62   0.858532

  11 DISTSOUR        4.36   0.817696 |    8 ELEVAT          1.09   0.770196

  14 BOULDCAT        5.06   0.950891 |    9 BEDSLOPE        1.41   0.844393

  15 COBLECAT        6.22   0.932362 |   10 STMCLASS        0.51   0.441013

  33 AVWWDTH         4.47   0.843605 |   12 CATCHSIZ        0.30   0.207994

                                     |   13 BEDRKCAT        3.15   0.788269

                                     |   16 PEBLECAT        0.52   0.735914

                                     |   17 GRAVCAT         3.47   0.827108

                                     |   18 SANDCAT         1.68   0.708670

                                     |   31 STDEPTH         0.92   0.849623

                                     |   35 LCONDUCT        3.01   0.903188

                                     |   36 PERIFFLE        1.41   0.716308

                                     |   37 PERUN           1.40   0.693310

                                     |   38 PERPOOL         1.09   0.943170

                                     |   39 PERSNAG         2.11   0.909467

                                     |   40 PH              0.67   0.794010

                                     |   41 LALK            0.85   0.754844

 

Classification matrix (cases in row categories classified into columns)

---------------------

                      1         2         3         4         5  %correct

 1                   83         8        17         8         5        69

 2                    7        31         3         7         3        61

 3                    2         3         7         1         1        50

 4                    4         5         4         5         0        28

 5                    0         1         1         0         6        75

 

    Total            96        48        32        21        15        62

 

Jackknifed classification matrix

--------------------------------

                      1         2         3         4         5  %correct

 1                   79        10        18         8         6        65

 2                    7        31         3         7         3        61

 3                    2         3         6         1         2        43

 4                    4         6         4         3         1        17

 5                    0         2         1         0         5        63

 

    Total            92        52        32        19        17        58

 

.

****************  Step  14  --  Variable GRAVCAT Entered  ****************

 

Between groups F-matrix  --  df =     6    202

----------------------------------------------

                         1            2            3            4            5

 1                   0.0

 2                  19.954        0.0

 3                   4.532        6.738        0.0

 4                   5.903        2.688        1.964        0.0

 5                   9.086       10.108        5.733        5.921        0.0

 

Wilks' lambda

   Lambda =     0.4142    df =     6     4   207

 Approx. F=     8.4430    df =    24   705     prob =  0.0000

 

Classification functions

----------------------

                         1            2            3            4            5

 Constant        -4040.192    -3917.988    -3976.417    -3936.761    -3883.229

 NORTHING            0.001        0.001        0.001        0.001        0.001

 DISTSOUR          -18.082      -19.245      -18.617      -18.162      -16.725

 BOULDCAT            7.662        7.944        7.191        7.684        7.104

 COBLECAT           19.353       18.760       18.637       18.249       18.526

 GRAVCAT           -15.115      -15.741      -14.313      -15.161      -14.272

 AVWWDTH            -0.750       -0.748       -0.746       -0.769       -0.551

 

  Variable    F-to-remove  Tolerance |   Variable     F-to-enter  Tolerance

-------------------------------------+-------------------------------------

   7 NORTHING       18.31   0.894696 |    6 EASTING         0.64   0.856293

  11 DISTSOUR        4.93   0.800897 |    8 ELEVAT          1.01   0.768687

  14 BOULDCAT        2.37   0.880616 |    9 BEDSLOPE        1.88   0.824725

  15 COBLECAT        5.98   0.922591 |   10 STMCLASS        0.60   0.439705

  17 GRAVCAT         3.47   0.827108 |   12 CATCHSIZ        0.31   0.207841

  33 AVWWDTH         4.68   0.836334 |   13 BEDRKCAT        1.66   0.700785

                                     |   16 PEBLECAT        0.34   0.673501

                                     |   18 SANDCAT         1.23   0.597227

                                     |   31 STDEPTH         1.02   0.842964

                                     |   35 LCONDUCT        2.91   0.903112

                                     |   36 PERIFFLE        1.01   0.705100

                                     |   37 PERUN           1.04   0.672042

                                     |   38 PERPOOL         1.08   0.942816

                                     |   39 PERSNAG         2.40   0.866562

                                     |   40 PH              0.77   0.788215

                                     |   41 LALK            0.97   0.751676
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Classification matrix (cases in row categories classified into columns)

---------------------

                      1         2         3         4         5  %correct

 1                   79        12        17         8         5        65

 2                    7        34         1         7         2        67

 3                    1         2         7         2         2        50

 4                    3         6         4         5         0        28

 5                    0         1         0         1         6        75

 

    Total            90        55        29        23        15        62

 

Jackknifed classification matrix

--------------------------------

                      1         2         3         4         5  %correct

 1                   77        13        18         8         5        64

 2                    8        31         2         7         3        61

 3                    1         4         5         2         2        36

 4                    3         8         4         3         0        17

 5                    1         1         0         1         5        63

 

    Total            90        57        29        21        15        57

 

Variable     F-to-enter  Number of

entered or        or     variables      Wilks'     Approx.

   removed   F-to-remove  in model      lambda     F-value  DF1   DF2    p-tail

------------ ----------- --------- ----------- ----------- ---- ----- ---------

NORTHING          22.857         1      0.6936     22.8565    4   207   0.00000

DISTSOUR           8.202         2      0.5983     15.0780    8   412   0.00000

COBLECAT           6.557         3      0.5305     12.2297   12   542   0.00000

BOULDCAT           5.164         4      0.4817     10.5166   16   623   0.00000

            4.471         5      0.4427      9.3856   20   674   0.00000

BEDRKCAT           3.149         6      0.4167      8.3779   24   705   0.00000

BEDRKCAT           3.149         5      0.4427      9.3856   20   674   0.00000

GRAVCAT            3.472         6      0.4142      8.4430   24   705   0.00000

LCONDUCT           2.906         7      0.3916      7.7002   28   726   0.00000

LCONDUCT           2.906         6      0.4142      8.4430   24   705   0.00000

AVWWDTH            4.683         5      0.4526      9.0984   20   674   0.00000

GRAVCAT            3.260         4      0.4817     10.5166   16   623   0.00000

AVWWDTH            4.471         5      0.4427      9.3856   20   674   0.00000

GRAVCAT            3.472         6      0.4142      8.4430   24   705   0.00000

 

              Eigen      Canonical    Cumulative proportion

             values   correlations      of total dispersion

          ---------   ------------    ---------------------

              0.632          0.622                 0.593

              0.283          0.469                 0.859

              0.125          0.333                 0.976

              0.026          0.158                 1.000

 

         Wilks' lambda=       0.414

              Approx.F=       8.454  DF=  24,      705  p-tail=  0.0000

 

        Pillai's trace=       0.743

              Approx.F=       7.798  DF=  24,      820  p-tail=  0.0000

 

Lawley-Hotelling trace=       1.065

              Approx.F=       8.895  DF=  24,      802  p-tail=  0.0000

 

Canonical discriminant functions

--------------------------------

                         1            2            3            4

 Constant          -67.925      -45.220       -5.341       -3.744

 EASTING              .            .            .            .

 NORTHING            0.000        0.000        0.000        0.000

 ELEVAT               .            .            .            .

 BEDSLOPE             .            .            .            .

 STMCLASS             .            .            .            .

 DISTSOUR            0.566       -0.618       -0.252        1.094

 CATCHSIZ             .            .            .            .

 BEDRKCAT             .            .            .            .

 BOULDCAT           -0.140        0.298       -0.243        0.231

 COBLECAT            0.382        0.341       -0.383       -0.588

 PEBLECAT             .            .            .            .

 GRAVCAT             0.310       -0.502        0.482       -0.280

 SANDCAT              .            .            .            .

 STDEPTH              .            .            .            .

 AVWWDTH             0.001       -0.064       -0.047       -0.053

 LCONDUCT             .            .            .            .

 PERIFFLE             .            .            .            .

 PERUN                .            .            .            .

 PERPOOL              .            .            .            .

 PERSNAG              .            .            .            .

 PH                   .            .            .            .

 LALK                 .            .            .            .

 

Canonical discriminant functions -- standardized by within variances

Appendix 10: Terms of Reference and Project Brief for CRA Biodiversity Project BY8G 

1. Title 

Tasmanian stream macroinvertebrates: Sampling to complete statewide biodiversity assessment and modelling. 

2. Principal Investigator(s) 

P.E. Davies B.Sc. Hons. Ph.D. 

3. Location of Work 

Predominantly eastern, southern and south western Tasmania. All laboratory work to be done in Hobart, Tasmania. 

4. Project Objectives 

1. To sample Tasmanian stream sites for macroinvertebrates in autumn 1996, using National River Health Program rapid assessment protocol. 
   

2. To process all samples in accordance with that protocol. 

3. To combine the new data set with three additional data sets (NRHP, ESAA-HEC and MLRRDP), perform classification/clustering on the combined data set and to select site groups in preparation for modelling. 

5. Background 

As part of the RFA process, a biodiversity assessment of Tasmanian stream fauna related to forests is desirable, following the accepted process of data audit, data acquisition and species (or taxon) modelling. Three sets of data are available - macroinvertebrates, fish and macrophytes. The extent and quality of the data is best for the macroinvertebrates, for which a standardised sampling program has been implemented nationally under the National River Health Program (NRHP). The NRHP, under its Monitoring River Health Initiative (MRHI) is currently funding a $5 million development of river health bioassessment based on mcroinvertebrate data collected from some 1500 sites nationally. 

The NRHP has resulted in some 100 sites being sampled in Tasmania using its standardised rapid assessment protocol. All of these sites are classified as 'reference' sites - sites selected as being representative of a least disturbed (ie natural or quasi-natural) condition. Simultaneously, some 50 additional reference sites are being sampled under a joint Tasmanian HEC-ESAA (Electricity Supply Association of Australia) project which is examining the impact of hydro power stations and dams on river macroinvertebrate communities and an EPA funded project evaluating the biological condition of streams around Mt Lyell (under the Mt Lyell Remediation R&D Program or MLRRDP). Data for all of these sites is available for spring 1995 and will be available by June 1996 for autumn 1996. 

The spatial coverage of the 145 NRHP and MLRRDP/HEC-ESAA sites is restricted, however, to the northern, central and western part of Tasmania (see Figures 1, 2 and 3). Thus while there is a completely systematic data set for much of the state, no data exists for the eastern and southern regions. Site density is also low in forested regions of the northeast and northwest. 

Preliminary classifications of both the NRHP and part of the HEC-ESAA sites using the macroinvertebrate data indicate that at least the existing site density is required to adequately assign groupings on the basis of stream macroinvertebrate community composition. It is therefore estimated that data from some 200 additional reference sites are required to adequately allow modelling of the biodiversity of Tasmanian stream macroinvertebrates in forested regions of Tasmania. 

A single snapshot survey of 200 sites is proposed to address this data gap. The survey will be performed in autumn 1996 (ie ASAP), again using the NRHP protocol (Davies 1994) for sampling and measuring environmental variables at each site. 

Without this additional sampling being performed, no adequate assessment of the biodiversity or conservation value of Tasmanian streams can be made. Existing fish data is broad in coverage and indicates the impoverished state of Tasmanian stream fish fauna, dominated by exotics. Existing stream macrophyte data is relatively poor in coverage. Macroinvertebrates are the single dominant contributor to non-microbial biodiversity in Tasmanian streams. They are also an important indicator of the impact of forest operations (Growns and Davis 1991, Davies and Nelson 1994). The prospect of simultaneous sampling of macroinvertebrate communities with identical protocols and established quality assurance and quality control (QA/QC) procedures across the entire state in autumn 1996 provides a unique opportunity for assessment and modelling of biodiversity at this scale. 

The analysis of the resulting data will comply with the requirements of the RFA species modelling project. Thus, all sites will be classified by unweighted paired group mean averaging (UPGMA, using FUSE in the `PATN' software package) of a Bray Curtis Dissimilaity matrix. Identification of site groups will then be carried out, assisted by HMDS ordination of the sites. The relationships between site groups and environmental variables will be explored using the PCC and MCA subroutines in PATN. 

This project will also allow the evaluation of the NRHP protocol (Davies 1994) for biodiversity assessment as a model for a larger, national-scale exercise. 

6. Study Design and Methods 

Task 1: Selection of sampling sites and appointment of staff. 

Staff already experienced in the NRHP protocol methods will be appointed (four such staff are available to commence in early May). A preliminary selection of new reference sites will be screened using the NRHP reference site selection protocol. This will include both map- and ground-truthing. 

a. Type of Study: Site evaluation and final selection. 

b. Survey Design: Not applicable. 

c. Data Analysis: Not applicable. 

Task 2: Sampling of all sites 
All 200 sites will be sampled using the NRHP rapid assessment protocol during May-June 1996. Two teams of two will be deployed for the sampling. All samples will be live-picked and a minimum set of environmental variables will be collected at each site. This includes a suite of habitat and map (or GIS) derived variables as well as the following water quality variables: pH, NOx, total P, conductivity, hardness, turbidity. Access to some 40 sites in the WHA will be by helicopter. 

a. Type of Study: Field survey of stream fauna and habitat variables. 

b. Survey Design: Stratified random design. 

c. Data Analysis: Not applicable 

Task 3: Sample processing and data entry. 

All live-picked samples will be enumerated and identified to family level with the exception of chironomids (identified to sub-family) and oligochaetes and mites. 

a. Type of Study: Survey 

b. Survey Design: Stratified random design 

c. Data Analysis: Not applicable. 

Task 4: Quality Assurance and Control Data checking and combination of data sets 

A standard QA/QC procedure will be performed as established by the NRHP, viz. a 5% random subset of processed samples will be identified and enumerated by the Murray Darling Freshwater Research Centre (c/o Dr John Hawking). Resulting data will be compared with the data submitted with the samples using three standard criteria. Results will be reported with the data in the project report and will also be used to perform any re-evaluation of samples prior to final data checking. Data (both biological and environmental) checking will be performed by an independent member of the study team for accuracy and consistency. All data sets (the new data, and the HEC-ESAA, NRHP and MLRRDP data) will be combined into one file for further analysis. Some time will be required to ensure matching of row and column descriptors. 

a. Type of Study: Survey 

b. Survey Design: Stratified random design 

c. Data Analysis: Not applicable. 

Task 5: Classification and identification of site and taxon groups. 

The new data set will be combined with the data sets derived from the autumn 1996 NRHP, HEC-ESAA and MLRRDP sampling programs. The Principal Investigator already has access to these data sets. Classification of the biological data will be conducted using UPGMA and TWINSPAN in the PATN statistical package. 

a. Type of Study: Survey 

b. Survey Design: Stratified random design 

c. Data Analysis: Site groups will be identified using the techniques established under the NRHP protocol. The complete set of site biological (presence/absence) data will be used to derive a Bray-Curtis Dissimilarity matrix. This will then be used to perform both UPGMA clustering and Non Linear Hybrid Multidimensional Scaling (NLHMDS) ordination. Results of both of these techniques will be used to assign all sampled sites to groups on the basis of biological similarity. Outliers will be identified (with the aid of both TWINSPAN and two way tables) and removed from the final analysis. The biological composition of the site groups will also be described. 

Task 6: Preparation of Final Report. 

A final report will be prepared describing: the reference site selection process, the sites sampled, the resulting data, the full data set, the classification techniques, the final site and taxon groupings. The report will be accompanied by the entire data set for use in the Species Modelling project under the Tasmanian RFA process. 

7. Outcomes 

· Documentation of the first comprehensive, standardised Tasmania-wide survey of stream macroinvertebrates

· A comprehensive biological and environmental data set and site grouping for stream biodiversity assessment and modelling

· A regional stream classification based entirely on macroinvertebrate biological data for assembly distributional modelling 

References 
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PROJECT BRIEF: SAMPLING AQUATIC HABITATS 

CRA COMPONENT: BIODIVERSITY 

PROJECT CODE : BY8G 

Title 

Tasmanian stream macroinvertebrates: sampling to complete biodiversity assessment and modelling. 

Objectives 

To sample and process Tasmanian stream sites for macroinvertebrates in autumn 1996, using National river Health Program rapid assessment protocol. Also to combine the new data set with three additional data sets (NRHP, ESAA-HEC and MLRRDP), perform classification / clustering on the combined data set and to select site groups in preparation for modelling. 

Tasks & Output 

1. Selection of stream sampling sites, appointment of staff. 

2. Sampling of all sites for macroinvertebrates. 

3. Sample processing and data entry. 

4. Quality assurance and quality control, data check, file preparation. 

5. Data analysis (classification etc). 

6. Preparation of final report.
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	Table 3: Group statistics for the five UPGMA derived groups of sites 
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· Figure 2: Map of Tasmania showing the distribution of stream sites sampled in autumn 1996 as part of the ESAA - HEC study on hydroelectric impacts on stream fauna   
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· Figure 5: Map of Tasmania showing the distribution of all stream sites for which macroinvertebrate and environmental data were collected and used in the CRA project on stream macroinvertebrates   

· Figure 6: Plots of frequency (A) and normal probability (B) distributions of the number of taxa in the entire raw macroinvertebrate data set   

· Figure 7: Dendogram of the UPGMA clustering of a Bray Curtis matrix derived from the final presence / absence riffle stream macroinvertebrate data set (%=-0.1)   
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