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1 Introduction 

This monitoring protocol provides information and procedures for monitoring the effects of 
prolonged inundation and changes in salinity on the lake bed plant communities of the ‘Unwooded 
freshwater wetlands of the southern Wheatbelt dominated by Muehlenbeckia horrida subsp. abdita 
and Tecticornia verrucosa (‘Bryde’) threatened ecological community (TEC), southeast of Lake 
Grace, Western Australia. 
 
The protocol “Long term Monitoring of the Lake Bryde Threatened Ecological Community” has 
been prepared to document the establishment of long term monitoring across the Lake Bryde and 
East Lake Bryde occurrences of the TEC.  
 
The protocol, whilst long term, will be implemented in two phases with the initial phase consisting 
of an intensive study over a three year period, and the second phase consisting of a less intensive 
ongoing long-term monitoring study. The initial phase will be carried out with the aim of collecting 
information on the responses of the community to the targeted variables to aid in the planning of 
future management actions. The second phase will involve continuing to monitor the long term 
response of the community and the impact of any future management actions. It is recognised that 
in the future the monitoring program may need to be altered to effectively monitor the impact of 
future management actions. 
 

2 Protocol Constituents 

This protocol consists of this Protocol Narrative and the following Standard Operating Procedures 
(SOPs): 
 
SOP 4.1  Setup of the SokkiaTM Axis3 Differential GPS 
SOP 6.1  Establishing vegetation quadrats 
SOP 8.2  Collection of herbarium specimens (in draft) 
 

3 Background and Objectives 

3.1 Background and history 

The subject of this protocol, the ‘Unwooded freshwater wetlands of the southern Wheatbelt 
dominated by Muehlenbeckia horrida subsp. abdita and Tecticornia verrucosa across the lake 
floor’ which shall for the purpose of this document be henceforth referred to as the Bryde 
threatened ecological community (TEC), is ranked as critically endangered (endorsed by the 
Minister for Environment in 2001). The Bryde TEC is known only from the lakebeds of two intact 
occurrences; Lake Bryde and East Lake Bryde, both of which occur within the Lake Bryde 
Recovery Catchment, which is located approximately 45 km south east of Lake Grace.  
 
The plant Muehlenbeckia horrida subsp. abdita is known only from this ecological community and 
has been separately gazetted as declared rare flora (DRF). Lake Bryde and East Lake Bryde are 
nationally significant as they represent the only known occurrences of this community. All other 
known occurrences are believed to have been destroyed by secondary salinisation and increased 
waterlogging associated with human-induced changes to hydrological processes in the 
catchments. 
 

An additional occurrence of the community was historically located within Lakeland Nature 
Reserve (Reserve No. 29024), however secondary salinisation has resulted in the loss of the 
Muehlenbeckia horrida subsp. abdita population and with soil salinity readings of the lake bed 
between 2000-4500 mS/m (ECe), the occurrence is no longer considered to be extant. A possible 
new population of Muehlenbeckia horrida subsp. abdita was discovered in 2008 in a lake adjacent 
to this extinct population. Investigations are ongoing and samples are with the WA Herbarium for 
validation. Further sampling of the population will be required in spring to confirm this as a new 
population of Muehlenbeckia horrida subsp. abdita.  
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The two remaining confirmed occurrences of the TEC at Lake Bryde and East Lake Bryde are in 
the headwaters of the Lockhart sub-catchment of the Swan-Avon System (Giraudo et al. 1995) and 
as a result of their location have been somewhat protected from the impacts of salinity. This is 
probably as a result of their higher elevation in the catchment. The lowest point of the lake bed of 
East Lake Bryde is 294.46m AHD and Lake Bryde’s lowest elevation is 291.04m AHD. 

The salinity of Lake Bryde has increased over the last two decades. It is a playa lake with a clayey 
base, with a rim of lunette dunes which indicate the lake has migrated north east over time. The 
lake is expected to have become increasingly saline as a result of increased salt-enriched runoff 
entering the lake during peak rainfall periods (SKM 2000). This has resulted from clearing of 
perennial deep rooted vegetation in the catchment leading to secondary salinisation and increased 
runoff. 

Figure 1. Lake Bryde Recovery Catchment threatened ecological community locations 
 

       
   

 

East Lake Bryde also has a clay base, but differs from Lake Bryde in that it lies over a deep 
sandplain and is recharged by both sandplain seepage and localised runoff. Anecdotal evidence 
indicates the lake has less connectivity to surface water flows in the catchment than Lake Bryde 
(SKM, 2000). 
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A number of monitoring programs currently exist in the area including: monitoring of the declared 
rare flora (DRF) species Muehlenbeckia horrida subsp. abdita at Lake Bryde and East Lake Bryde; 
wetland vegetation monitoring as part of the State Salinity Strategy; and monitoring of hydrology 
and soil salinity through the Lake Bryde Natural Diversity Recovery Catchment. A study of the 
hydrology of the catchment was undertaken by Sinclair Knight Merz consultants and published in 
2000 (SKM 2000). This included investigations into reducing recharge in the catchment.  

The Lake Bryde Recovery Catchment was endorsed as a Natural Diversity Recovery Catchment 
under the State Salinity Strategy in July 1999. The Lake Bryde wetland complex was selected due 
to its high biodiversity values, including fresh water native species and biological communities that 
are now uncommon, as well as the concern many scientists and local landholders have for the 
area. 

The Lake Bryde Natural Diversity Recovery Catchment (LBNDRC) is located 35km south east of 
Lake Grace. It covers an area of approximately 140,000ha (71% farmland, 29% reserve lands 
managed by State and local government). LBNDRC is in the upper reaches of the Lockhart sub-
catchment, which is part of the Avon catchment. The Lake Bryde catchment is internally drained, 
except during the highest magnitude flooding events. It is comprised of a chain of northerly 
draining freshwater and naturally saline lakes. Most of the natural biodiversity assets threatened by 
salinity are located in the valley floor. The wetland system is regionally significant as its waters 
remains relatively fresh in an increasingly saline landscape. 

The primary goal of the recovery catchment is “for the next twenty years to slow the rate of decline 
of biodiversity across valley floor assemblages and to conserve specific high value biodiversity 
assets including: 

• threatened ecological communities on Lake Bryde, East Lake Bryde and in Lakeland 
Nature Reserve, 

• the wooded yate swamp in Lake Bryde Reserve,  
• wetland vegetation assemblages and  
• valley floor vegetation assemblages dominated by Melaleuca spp.” 

3.2 Rationale for selecting this resource to monitor 

The TEC was prioritised for monitoring based on is current rank as critically endangered and the 
need to establish a benchmark and monitoring program to guide adaptive management to prevent 
decline of the TEC past the point of recovery. 

It is hoped that the monitoring program will provide the necessary information to enable managers 
to effectively plan for the recovery of the TEC, such as the possibility of flushing accumulated salts 
from the lakes or alleviating periods of prolonged inundation.  

Monitoring will facilitate a range of statistical analyses to be performed, which over time should 
indicate if the species dominance and composition is changing in response to the identified threats 
and management actions.     

3.3 Measurable objectives 

This protocol has the following objective: 

To monitor the impact of secondary salinisation on the abundance and health of Muehlenbeckia 
horrida subsp. abdita as a bioindicator of impacts on community composition and structure in the 
TEC.  

3.4 Benchmarks 

Previous studies into the response of Muehlenbeckia to secondary salinisation have determined 
that whilst the impact of secondary salinisation at Lake Bryde has been significant, it has not 
exceeded the threshold for the survival of the population. These studies have suggested that 
salinity levels of upwards of 1500 mS/m (ECe – saturation extract) result in obvious plant stress 
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with a threshold of approximately 2100 mS/m (ECe) leading to plant death.  

Based on regression analysis undertaken in December 2009 (see section 6.4.1) there was a 
significant effect of soil salinity (converted from horizontal EM38 readings) on the proportion of 
dead Muehlenbeckias recorded in April 2009, and a highly significant effect of soil salinity on 
proportion of dead Muehlenbeckias in November 2009. Regression analysis showed that an ECe 
of 1394 mS/m in April 2009 (see Table 3) and an ECe of 1868 mS/m in November 2009 (Table 4) 
resulted in a proportion of 0.6 (60%) death of Muehlenbeckias. In order to reduce deaths of 
Muehlenbeckias to below 60%, it is expected that the ECe will need to be maintained below 
approximately 1394 mS/m. Further discussion of the data analysis will be undertaken in 2010 for 
the purposes of determining likely management and duration of monitoring. 

4 Sampling Design 

4.1 Rationale for selecting this sampling design over others 

Quadrats have been chosen over transects for monitoring to allow comparison with previous 
monitoring data for the Muehlenbeckia horrida subsp. abdita. However it is recognised that 
transects would also be a suitable method for looking at change across the gradients of 
environmental variables. The quadrats will be used to measure plant cover and diversity within the 
plots, with additional sampling of the soil chemistry at each quadrat. 

The design of the monitoring program has been split into two phases. Whilst both phases will use 
the same sites, sampling locations and sampling sites, the first phase will include sampling more 
frequently over a three year period. The second phase will be carried out less frequently and will 
entail an ongoing long-term monitoring program. 

4.2 Site Selection 

With only two confirmed intact occurrences of the TEC in existence they have both been selected 
as sampling sites. 

4.2.1 Criteria for selection 
 

Monitoring carried out within the Lake Bryde Recovery Catchment (LBNDRC) shows that the 
salinity of Lake Bryde has increased whilst East Lake Bryde remains relatively fresh. The 
monitoring also suggests that East Lake Bryde remains inundated for longer periods than Lake 
Bryde. Variations between the two sites for the targeted environmental variables (salinity and 
period of inundation) will allow for testing of the impact of these variables between sites. Site 
environmental variables relating to bathometry, flow of water and sediment will also be measured 
within each site to enable testing of the effects of salinity, general soil chemistry and period of 
inundation. 
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Figures 2a and b: Graphs of soil salinity readings for Lake Bryde and East Lake Bryde 

Lake Bryde v East Lake Bryde soil salinity readings 2003-2008  
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Lake Bryde v East Lake Bryde soil salinity readings 2003-2008  
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NB: ECe – saturated soil salinity, LB – Lake Bryde, ELB – East Lake Bryde. ‘Vertical’ and 
‘horizontal’ refer to two different orientations utilised for the EM38 instrument (refer Appendix F). 
The EM38 is an electromagnetic induction sensor capable of measuring the relative sub-surface 
soil conductivity as a measure of salt. 
 
Pre-existing monitoring of hydrology at both sites as part of the recovery catchment monitoring 
program will be used including: measurements of lake surface water depth from data loggers; 
records of rainfall; periodic water quality sampling; and EM38 surveys of the soil salinity. These 
data will be used to:  

• determine periods of inundation; 

• identify changes in salinity associated with different lake depths;  

• determine variation in salinity associated with inflows and outflows; and 

• determine the influence of local rainfall. 

These data will be used in conjunction with the data collected through this monitoring program to 
provide analysis of the impacts of salinity and inundation on plant community composition and 



Long Term Monitoring of the Lake Bryde Threatened Ecological Community 
 

 6 

structure. 

Table 1. Location of sampling sites.  

Sampling Site Tenure Reserve Name Longitude Latitude 

Lake Bryde Conservation 
Park 

Water Reserve 

C48436 

C28667 

118°49’38”E 33°21’04”S 

East Lake Bryde Nature Reserve A29020 118°54’23”E 3 3°21’32”S 

 

4.2.2 Procedures for selecting sampling locations 
Multiple sampling locations will be used at each monitoring site with the aim of targeting a range of 
environmental variables with sufficient replication for analysis. Sites will be selected near inflow 
and out flow points and mid points between them with the aim of picking up areas of variation in 
sediments and water flow. See Figure 2 for layout of sampling locations at the Lake Bryde 
sampling site. Stratification of quadrats within each sampling location will be based on separating 
the lakebed into four 10cm contour bands (see Figure 1). 

 
Figure 3. Layout design of individual sampling locations. 
 

 
The initial selection of sampling locations and points will be from desktop survey using GIS 
software and datasets held by DEC. The datasets have been sourced from DEC corporate data 
and from local datasets held by the Great Southern District (see Table 2). The desktop survey will 
be followed up with a field visit to establish any other variables affecting placement of sampling 
locations. Using this information sampling locations and sampling points will be placed at locations 
which meet the criteria as listed in Section 4.3 below.  
 
Table 2: Data sources used in selection of sampling points 
 
Name Source 
Minor Hydrology Corporate data 
Major Hydrology Corporate data 
5-10m Contours Corporate data 
Orthophotography Corporate data 

Effective radius 
of bore 

Depth 
0.30m 

Shore 

Depth 
0.0m 

Sampling location 

Quadrats 

Depth 
0.20m 

Depth 
0.10m 

Depth 
0.05m 

1.6m monitoring bores 

20m 



Long Term Monitoring of the Lake Bryde Threatened Ecological Community 
 

 7 

50cm Contours District data 
10cm Contours District data 
Spot Heights District data 
EM38 Survey 2003 District data 
Muehlenbeckia monitoring points District data 
Datalogger locations District data 
Bore locations District data 
 
During the initial establishment of sampling locations in the field, alterations may be made as 
necessary to ensure all quadrats include some mature Muehlenbeckia horrida subsp. abdita and 
Tecticornia verrucosa. 
 
Once established, all sites will be accurately surveyed from a registered bench mark to obtain 
exact position and depth. Survey information will be accurately recorded and attached to the 
protocol as Appendix A. 
 
Figure 4a. Monitoring site locations for Lake Bryde  
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Figure 4b. Monitoring site locations for East Lake Bryde  
 

 
 

 

4.3 Sampling frequency and replication 

The following environmental site variables will be sampled at each site:  
 

• surface water depth and period of inundation;  
• variation in soil EC (salinity) and soil chemistry and moisture over space and time;  
• variation in the salinity of near surface ground water; 
• rainfall events; and 
• surface and ground water quality. 

 
Rainfall and water quality will be captured from pre-existing monitoring and will not be replicated at 
each site, whilst inundation and sediment chemistry will be replicated in at least four locations 
within each site.  
 
Sampling frequency and replication will be based on the minimum number of replicates required to 
distinguish differences between environmental factors and will take into account the resources 
available to maintain the monitoring program.  
 
Two sites, Lake Bryde and East Lake Bryde, will be sampled with a minimum of four replicates of 
each variable in each site. These will be provided through at least four stratified sampling locations 
(see Figure 3) each with four stratified quadrats and three stratified monitoring bores (see Figures 
4a and b), comprising up to a total of 16 quadrats and 12 monitoring bores at each site. Where 
quadrats on a transect were located further apart than originally planned, four bores have been 
established on those transects to ensure that the bore measurements encompass all quadrats.  
 
Replication of each variable will be achieved either between or within each sampling location. In 
this manner, replication of data regarding bathymetry of the lake and its association with salinity 
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and inundation will be provided between the sampling locations with stratification of the quadrats 
within similar depth bands. Replication of data regarding the impacts of drainage and sediment 
deposition will be provided within each sampling location by the location of quadrats within similar 
conditions. 
 
Replication of sampling may be increased if analysis of the initial survey data indicates that greater 
statistical power is required.  Similarly, if there is no significant difference between the two quadrats 
closest to the shore in each sampling location, the number of quadrats in each sampling location 
may be reduced to three to reduce the resources required to carry out the monitoring. 
 
Note: An EM38 is an electromagnetic induction sensor capable of measuring the relative sub 
surface soil conductivity as a measure of salt. 
 

4.4 Recommended number and location of sampling sites 

The monitoring program has been limited to two sampling sites as there are only two occurrences 
of the TEC which remain intact. Within each site there is be a minimum of four sampling locations, 
each of which contain 5x5m quadrats. As previously mentioned the placement of sampling 
locations is based on points of inflow and outflow and mid points between these. Each sampling 
transect contains four quadrats, which were placed to assess four bands of lake depth. 
 

4.5 Recommended frequency and timing of sampling 

The monitoring program has two phases. During the first three year phase, each vegetation 
quadrat will be monitored biannually, and the monitoring bores of each sampling location will be 
monitored at least quarterly and ideally will be timed to link in with the Recovery Catchment water 
monitoring. The aim of the initial phase is for the timely provision of information which are expected 
to show the impacts of the targeted variables on the TEC, to guide future management and 
determine potential recovery actions. 
 
The second phase of the monitoring program is the long-term phase and this will be an ongoing 
program in which vegetation quadrats and monitoring bores will only be monitored annually. This 
phase is aimed at monitoring changes in the community over the longer term.  
 
If significant management actions are undertaken for Lake Bryde or East Lake Bryde, it is 
recommended that the monitoring program be re-evaluated to ensure monitoring can effectively 
assess the outcome of the management actions in a timely manner. 
 
During the initial phase of monitoring, it is recommended that Muehlenbeckia sampling be timed to 
allow the lakebed to dry out and prevent soil disturbance (likely late Spring/early Summer (likely 
October) and Autumn (likely April)).  The late spring/early summer sampling is anticipated to allow 
sufficient time for the plant community to recover from inundation and thereby permit effective 
sampling. Average winter rainfall has historically not resulted in filling of the lakes. In the event that 
there is an inundation event and the lakes are inaccessible for monitoring, the monitoring will be 
undertaken at the next available relevant monitoring period (for example October/April). This 
should continue until six monitoring events (equivalent to three years monitoring) have been 
undertaken for the initial intensive monitoring phase. The second phase of monitoring (annual 
monitoring in Spring/Summer) will then commence. 
 
Monitoring should also occur immediately prior to and after any major management action is 
initiated.   
 

4.6 Level of change that can be detected for the amount/type of sampling being 
implemented 

Analysis of the data collected in the initial monitoring phase will be discussed with a biometrician to 
determine the power to detect specified levels of change in the monitoring data. Potential 
requirements for further replication of monitoring sites will be examined, and benchmarks for 
triggering management action determined. 
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5 Field Methods 

5.1 Field season preparations and equipment setup 

Field work will be scheduled and organised prior to the start of each field season. DEC Wheatbelt 
Regional, Great Southern District staff and Recovery Catchment staff will make contact with other 
DEC staff and volunteers to schedule field trip dates and make access arrangements. Additionally, 
contact will be made with land mangers to access private property occurrences.  Prior to working in 
the field, staff must complete a field advice form and review safety protocols and this protocol. 
 
Observers will review plant (native and weed) identification using herbarium specimens, keys, and 
photographs. A refresher on plant identification, GPS navigation, and compass use may be 
necessary prior to fieldwork.  

The following will be required to undertake the desktop study prior to field reconnaissance: 

• digital data including aerial photography, spot height contours, EM38 surveys;  

• detailed maps with sites selected; and 

• species lists and other relevant survey information.  

The following equipment will be required to undertake the field component of the reconnaissance 
visit and the spring survey and monitoring: 

• a field computer equipped with a GPS and mobile GIS package with the above 
mentioned datasets; 

• plant collection permits (including Permit to Take declared rare flora); 

• secateurs; 

• plant tags; 

• newspaper; 

• plants presses; 

• pens, pencils, permanent thick black marker pens; 

• survey recording sheets; 

• TEC Occurrence Report Forms; 

• digital camera, memory card, batteries; 

• GPS (ideally DGPS); 

• spare survey pegs (Landmarker, 75mm caps, with 375mm stakes); 

• hammer; 

• measuring tapes (50 metres)/quadrat rope; and 

• plant specimen books (for the collection of small pieces of plant material for each 
quadrat/transect. 

 

Initial setup will require the following equipment: 

• level ; 

• differential GPS; 

• compass; 

• survey pegs; 

• aluminium survey tags; 
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• alphanumeric punch set; 

• hammer; and 

• field computer equipped with GPS and mobile GIS package. 

 
Preliminary preparations 
 
A desktop study for the identification of sampling sites and locations will be followed up with a field 
reconnaissance of the proposed samplings sites. This should provide further information for the 
desktop survey and will result in a GIS layer of proposed sampling sites, sampling locations and 
quadrats which will be produced as maps and be transferred into a format suitable for mobile GIS. 
 
Following the desktop survey and field reconnaissance, field work was undertaken to ground-truth 
the findings of the desktop survey. Where necessary, alterations were made to the layout of 
sampling points and then all quadrats were established using SOP 6.1 (Establishing vegetation 
quadrats). All quadrats were staked out and DGPS locations recorded using SOP 4.1 (Setup of the 
SokkiaTM Axis3 Differential GPS). At the time of establishment of the quadrats, shallow monitoring 
bores (1.6m) were established, with three located at each sampling location; one at each of the 
quadrats towards the lake centre and one between the two quadrats closest to the lake edge. 
Where quadrats on a transect were located further apart than originally planned, four bores were 
established along the transects to ensure that the bore data encompasses all quadrats.  
 
Quadrats and monitoring bores will be surveyed in accurately to ensure they are permanently 
marked and able to be re-established if markers are damaged or removed. As Lake Bryde is used 
for water skiing, all survey markers and monitoring bores will be low to the ground protruding no 
more than 200mm from the lake bed to ensure public safety.  
 
Plant collection licences (including permit to take DRF) will be organised at least one month prior to 
field reconnaissance. Accommodation in close proximity to Lake Bryde needs to be booked as 
soon as field dates are determined. A full list of groceries and meal planning should be prepared 
prior to field reconnaissance. Shared vehicles and equipment should be booked in advance on the 
relevant field equipment booking sheets.  
  

5.2 Sequence of events during field season 

The following will be undertaken during the field season: 
 

• when work is carried out by the regional and district staff and Recovery Catchment 
officers, staff will arrange monitoring dates. If DEC staff from other regions are participating 
in monitoring, DEC district and regional staff and LBNDRC staff will be contacted prior to 
visiting the sites; 

• a field advice form will be completed and copies sent to the relevant contacts; 
• all equipment required for sampling will be assembled; 
• staff participating in monitoring will agree on field meeting points and start times; 
• staff undertaking monitoring will review methods, so that queries can be resolved prior to 

undertaking monitoring; 
• the vehicle will be checked and packed with the relevant equipment; 
• sufficient travel time will be allowed to reach accommodation destination and to unpack;  
• sufficient time will be allowed for meetings with landholders as necessary and to undertake 

field work;  
• quadrats will be visited and all necessary observations thoroughly recorded; 
• plant specimens will be correctly pressed and processed on return to the vehicle or 

accommodation;  
• the vehicle will be rechecked and packed for return trip to point of origin; and 
• a debriefing will be undertaken to discuss data and plan dates for subsequent monitoring. 

 

5.3 Details of taking measurements, with example field forms 

During the field monitoring period all sampling sites and sampling locations will be visited with 
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measurements taken from each quadrat. At each quadrat, all Muehlenbeckia horrida subsp. 
abdita plants (alive and dead) will have the length, width and height measured and recorded, to 
calculate cover. Tecticornia verrucosa plants will be counted, and their age (juvenile/adult) 
recorded. This information is being recorded in anticipation of subsequent research to 
determine the response of this species to salinity. If future monitoring reveals that counts of this 
species are too time consuming, or if research reveals that the species does not respond to 
increased salinity, then counts can be discontinued.  
 
Every second monitoring period beginning with the first monitoring event, vertical and horizontal 
EM38 readings will be taken from five locations within each quadrat; 2.5m (half way) along each 
side of the quadrat and one reading in the centre of the quadrat (see Figure 4). 
 
Figure 5. Locations for taking EM38 readings within each monitoring quadrat 
 

.   
 
Initial soil samples at 10 and 20cm intervals will be collected at each monitoring bore as it is 
drilled (see Appendix B). 
  
Appendices A to G of this document provide TEC occurrence report forms, templates for 
recording bore and transect registration and monitoring data, field monitoring requirements and 
metadata statement templates. 

 

5.4 Post-collection processing of samples 

The following needs to be completed on return to the office: 
• all data from the field computer, GPS and digital camera downloaded; 
• label, back-up data and store safely; 
• soil samples will be sent away for laboratory analysis of soil salinity and pH and any metals 

or nutrients testing required; 
• check all Bush Survey Recording sheets for legibility and completeness; 
• complete data verification and validation checks on data; 
• scan Bush Survey Recording sheets to a central drive and file the originals; 
• enter the relevant information from Bush Survey Recording sheets and occurrence report 

forms into the TEC database; 
• data to be analysed needs to be processed into a format with capacity to be analysed 

(either into Site Species or an excel spreadsheet which as been correctly set up for input 
into analysis software); 

• maps created using ARCGIS 9 that reflect the quadrat and bore locations;. 
• details for each flora specimen collected entered into the MAX database;   
• any photographs taken of the specimens labelled and sent with the specimens to the WA 

Herbarium; 
• collecting details for all specimens, either as printed or handwritten labels, inserted into 

each specimen’s newspaper sheet or as a MAX file on CD (with the specimens tagged 
using numbers that match the specimen records);  

• Each batch of documentation will include the following information: 

1. the reason the specimens were collected i.e. survey of the Lake Bryde TEC; 

2. sender (include name of at least one team member); 

3. list of the contents (name of specimen, collector and collectors number); 
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4. the scientific collecting licence number of each collector;  

5. instructions for what is to occur to the specimens if other than lodging (i.e. do they 
require identification); and 

6. instructions for invoicing (i.e. to whom the invoice is to be provided).   

• specimen batches sent by post or delivered in person to the Western Australian Herbarium 
and addressed to the Collections Manager. If a batch contains a number of specimens 
they will be protected in a cardboard box of suitable size. If a batch contains a small 
number of specimens, it will be tied into a bundle between cardboards and posted safely.   

 

5.5 End-of-season procedures 

• Plant specimens have been processed, mounted, boxed and sent to the WA Herbarium. 

• Equipment has been cleaned and stored and is ready for the next season. 

• Data stored both with the LBNDRC and TEC specialist group in Species and Communities 
Branch (DEC TEC database and Site Species database, Kensington). 

• Quadrat data collated and input into Site Species database, or an ordination analysis 
program (such as Primer). 

6 Data Handling, Analysis and Reporting 

Data collected as per this monitoring protocol will be handled, analysed, stored and reported on 
according to the methods prescribed below. This is aligned with industry-standard specifications as 
per the Natural Resource Management - Regional Spatial Information Management Toolkit (2008) 
(the NRM Toolkit) .  The benefits of doing this include (modified from NLWRA 2003): 

• improved data consistency; 
• higher quality data; 
• greater opportunity for data integration and aggregation; 
• increased opportunities for sharing data; 
• improved documentation and understanding of data and information resources; 
• improved control over data updating; and 
• improved data security. 

6.1 Metadata procedures 

Metadata is “data about data”. That is, a statement about a dataset which describes the content, 
quality, currency, location and custodianship of the data.   
 
The Australia New Zealand Land Information Council has developed guidelines for the collection of 
metadata (ANZLIC 2001). Metadata collection under this monitoring protocol will be compliant with 
these guidelines.  
 
The data custodian should develop the original metadata record. Metadata records can be created 
in a Word document or text file and should be saved in the same directory as the dataset. See 
Appendix G for a template for the collection of metadata. 
 
Metadata for this project will be for the data collected from monitoring survey undertaken as part of 
this protocol. The LBNDRC and DEC TEC databases will be the repository for the metadata 
statements, in conjunction with regional databases where applicable. Access to metadata 
statements held by DEC may be made by contacting the managers of the TEC database in 
Species and Communities Branch, DEC Kensington. 
 

6.2 Overview of database design 

DeBacker et al. (2004) recognise that biodiversity monitoring creates large numbers of files and 
folders to store various databases, reports, GIS data etc. and the organisation and linkages 
increase in complexity as data accumulates through time. The authors also note that foresight in 
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database design is integral to ensuring data quality. A Standard Operating Procedure (SOP) for file 
naming conventions is currently being developed. 
 
The DEC Threatened Ecological Communities Database (Microsoft Access) is the primary 
software environment for threatened ecological community data. ESRI ArcGIS 9 can be used as a 
tool for managing and viewing spatial data residing in this Microsoft Access database. The 
Microsoft Access database Site Species (developed by T. Griffin) has been designed on “a vision 
that through using an organised and standardised system, data can be compiled across the 
botanical sector to benefit the sector and the community. It is designed to manage the capture of, 
manipulation of, and reporting on information related to collections of plants in a systematic 
manner.” Monitoring data collected according to this monitoring protocol can therefore be stored in 
Site Species, with copies stored both with the DEC TEC specialist group and with the LBNDRC.  
 

6.3 Data entry, verification and editing 

Data entry involves transporting raw data from field sheets/notebooks into an electronic form such 
as a database. Quality assurance and control are important during the data entry process. 
DeBacker et al. (2004) suggest that where electronic data forms and databases are used for data 
entry, features such as drop-down lists and value limits may ensure minimal errors. Only valid 
names or measures should be entered and spelling mistakes must be eliminated. Databases 
should be capable of receiving updates from the WA Herbarium to ensure name changes are 
addressed. 

Data collected according to this protocol should be entered as soon as possible after collection into 
databases (for example TEC database or Site Species database) by people familiar with the data. 
This will help to minimise errors as familiarity with the data allows errors to be detected and easily 
corrected. Where edits to data are required, information can be replaced with the correct detail on 
hardcopy datasheets, to document decisions made about the data. 

GPS points for quadrat and transects locations should be entered into the databases and 
converted into a GIS layer for use (for example in ArcMap9) using available linking tools. Additional 
GPS data not suitable for the TEC database may be transferred into ArcMap9 or similar program. 
Location data can be verified for accuracy in relation to survey area boundaries. 
 
As noted in DeBacker et al. (2004), data verification should immediately follow data entry and 
involve checking the accuracy of electronic records against the original source (eg. paper field 
records). Once the electronic data have been verified as accurately reflecting the original field data, 
the paper forms can be archived (according to section 6.5.1 of this monitoring protocol) and the 
electronic version used for all subsequent data activities.  
 

6.4 Recommendations for routine data summaries and statistical analyses to detect 
change 

A critical component of any long-term monitoring protocol is a consistent and systematic way of 
analysing (sic) and reporting on information (data) collected (DeBacker et al., 2004). DeBacker et 
al. (2004) also note that data summaries and statistical analyses need to describe the current 
condition, or status, of the subject being monitored and be robust enough to detect community 
changes through time. The information provided in data summaries must be complete, descriptive 
and easily interpretable.  
 

Data summaries and statistical analyses need to detail information about the subject of the data 
collection, for example changes in plant community composition, dominance and community 
structure based on the relevant indicators.  

Any management interventions (for example fencing) that may influence these indicators need to 
be noted in the data summaries. 
. 
Data summaries should be undertaken at the end of each monitoring occasion. Given that 
monitoring is recommended at lengthy intervals on a long-term basis, data summaries at such 
intervals should not be too laborious. Statistical analyses will focus on changes as stated in the 
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objectives of the monitoring protocol, for example changes in percentage cover of key species 
within quadrats. As additional data are collected, appropriate analyses as discussed with a 
biometrician will be undertaken to detect temporal trends in the monitoring data. 
 

6.4.1 Data analysis 
 
Methods 
 
Data analysis was conducted in a two-step approach. Firstly, to determine whether it was valid to 
pool data across both lakes, an analysis was conducted to determine whether the lake, or an 
interaction between lake and soil salinity (converted from horizontal EM38 readings to ECe1), had 
any effect on the proportion of dead Muehlenbeckias. To do this, an Analysis of Covariance 
(ANCOVA) was conducted with % percent dead Muehlenbeckias as the dependent variable and 
lake (Lake Bryde or East Lake Bryde) as the categorical predictor and soil salinity (converted from 
horizontal EM38 readings to ECe) as the continuous predictor. This analysis showed there was no 
effect of lake, or an interaction between lake and soil salinity, on the proportion of dead 
Muehlenbeckias, so the data from both lakes was able to be pooled and a simple linear regression 
conducted with soil salinity as the independent variable and proportion of dead Muehlenbeckias as 
the dependent variable. This two-step approach was conducted on both the April and November 
2009 data separately. The program JMP 3.2.5 (SAS 1997) was used for all analyses. 
 
Results 
 
The April 2009 data showed that neither lake, nor an interaction between lake and soil salinity had 
any significant effect on the proportion of dead Muehlenbeckias (Table 5), so data was pooled 
across both lakes and a regression analysis conducted. This analysis showed that there was a 
significant effect of soil salinity on proportion of dead Muehlenbeckias (r = 0.344; F1,47 = 6.30, P = 
0.016) and that this relationship was best described by the relationship: proportion dead 
Muehlenbeckia = 0.36295 + 0.00017*soil salinity. 
 
Table 3: Predicted proportion of dead Muehlenbeckia at various soil salinities as per 
regression analysis of April 2009 data 
 
Proportion dead Muehlenbeckia Soil salinity (converted from Horizontal EM38 

readings to ECe mS/m) 
0.20 (20%) 0 
0.40 (40%) 218 
0.60 (60%) 1394 
0.80 (80%) 2571 

1.00 (100%) 3747 
 
The November 2009 data showed an identical pattern with neither lake, nor an interaction between 
lake and soil salinity, showing any significant effect of proportion of dead Muehlenbeckias. The 
regression analysis on pooled data showed a highly significant effect of soil salinity of proportion of 
dead Muehlenbeckias (r = 0.768; F1,44 = 63.40, P < 0.001) and this relationship was best described 
by the equation: proportion dead Muehlenbeckia = -0.016438 + 0.00033*soil salinity. 
 
It should be noted that the soil salinity prediction of 0 corresponding to the 0.2 proportion of dead 
Muehlenbeckia in Table 3 above occurs because it is not possible to have a negative salinity. The 
regression line for the data crosses the y-axis at 36%, which equates to a salinity of zero. This 
means that if the salinity was calculated for any dead percentage of Muehlenbackias below 36%, 
the result would be a negative salinity, and as it is not possible to have a negative salinity, it is 
listed as zero (see Figure 6 below). 
 
 
 
 

                                                      
1 ECe -soil saturation extract 
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Figure 6: Regression lines approximating the relationship between proportion of dead 
Muehlenbeckias and soil salinity (Horizontal Salinity - ECe mS/m) for April 2009 and 
November 2009 data 
 

 
 
Table 4: Predicted proportion of dead Muehlenbeckia at various soil salinities as per 
regression analysis of November 2009 data 
 
Proportion dead Muehlenbeckia Soil salinity (converted from Horizontal EM38 

readings to ECe mS/m) 
0.20 (20%)                       656 
0.40 (40%)                     1262 
0.60 (60%)                     1868 
0.80 (80%)                     2474 

1.00 (100%)                     3080 
 
Table 5: Results of the ANCOVA on April 2009 data 
 
Variable d.f. SS F-value P 
Lake 1 0.01 0.05 0.822 
Soil salinity (Horizontal Salinity - ECe mS/m) 1 0.21 1.79 0.187 
Lake*Soil salinity (Horizontal Salinity - ECe 
mS/m) 

1 0.01 0.04 0.850 

 
As neither lake nor lake*soil salinity had any significant effect on proportion of dead 
Muehlenbeckias, it was valid to pool data from both lakes to examine effects of soil salinity on 
proportion of dead Muehlenbeckias. 
 
Table 6: Results of the ANCOVA on November 2009 data 
 
Variable d.f. SS F-value P 
Lake 1 0.03 0.48 0.491 
Soil salinity (Horizontal Salinity - ECe mS/m) 1 0.24 0.68 0.414 
Lake*Soil salinity (Horizontal Salinity  -ECe 
mS/m) 

1 0.08 1.24 0.271 
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As neither lake nor lake*soil salinity had any significant effect on proportion of dead 
Muehlenbeckias, it was valid to pool data from both lakes to examine effects of soil salinity on 
proportion of dead Muehlenbeckias. 
 

6.5 Recommended reporting schedule 

Reports will be prepared and distributed within the same year as data collection and include maps, 
graphs, figures and other visual aids to facilitate comprehension of findings. DeBacker et al. (2004) 
suggest that more extensive summary reports, including trend analysis, should be completed every 
five to ten years depending on the rate of change in the monitoring data and the need for summary 
information to guide resource management. Summary reports may be used in place of annual 
reports for that year. 
 

6.6 Recommended methods for long-term trend analysis 

Methods for long term trend analysis should be discussed with a biometrician. Analyses 
undertaken to date include the use of ANCOVAs and regression analysis using JMP 3.2.5 (SAS 
1997). 

6.7 Data archival procedures 

The Natural Resource Management - Regional Spatial Information Management Toolkit (2008) 
states that data must be copied and stored separately from the original dataset to ensure 
availability for other uses such as on-going monitoring, natural resource assessments or as agreed 
by the data custodian. The NRM toolkit also emphasises the importance of appropriate security 
and continuing recoverability of archived data as well as the inclusion of metadata and/or other 
relevant supporting documentation to enable use of the data and other information. See SOP 7: 
Data Management and the WALIS Data Management Guidelines (WALIS 2006) for more 
information on appropriate archival procedures. 

Long-term archives of the TEC monitoring data (both electronic and hardcopy materials) will be 
stored at the DEC Species and Communities Branch in Kensington. The data will be stored on the 
DEC server and the TEC database and with LBNDRC (district and catchment) project staff. Hard 
copy materials may also be stored at the DEC region/district headquarters. Copies of all data may 
also be made and sent to the DEC Species and Communities Branch archive and DEC regional 
staff.  
 

7 Personnel Requirements and Training 

7.1 Roles and responsibilities 

General roles of the project team leader include:  

- liaison with managers and other stakeholders;  

- co-ordination of field visits; 

- determination of team logistics (delegation);  

- preparation of survey reports (EPA 2004); 

- overseeing review of reports; and  

- finalisation of protocols. 

General requirements of a team botanist or ecologist include:  

- the ability to undertake floristic surveys as per Section 3.2.3 of the EPA’s “Guidance 
for the Assessment of Environmental Factors Western Australia (in accordance with 
the Environmental Protection Act 1986) No. 51 (June 2004)”; 
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- the ability to identify plant specimens; 

- writing up statistical methods in liaison with a statistician; and 

- analysing and interpreting findings in liaison with a statistician. 

A Biometrician is required to: 

- assist in statistical design; 

- run analyses; and 

- assist in interpretation of findings. 

A project/field officer is required to:   

- use GIS applications such as ArcMap 9; 

- enter data into the relevant database applications such as the TEC 
Database/LBNDRC database;  

- organise field visits (accommodation, equipment etc); 

- undertake field work with suitably qualified botanist/ecologist; and 

- write up reports in liaison with botanist/ecologist and statistician. 

It is important to note at this stage that the EPA expects that “persons engaged in flora and 
vegetation surveys will act as scientific advocates and bring to the scientific, government and 
public arenas, new information arising from surveys” (EPA, 2004, p. 20). 
  

7.2 Qualifications 

Where monitoring programs include vegetation surveys; the following EPA Guidance for the 
Assessment of Environmental Factors Western Australia (2004) recommendation is relevant; 
 

Flora and vegetation surveys should be coordinated and led by botanists who have had 
training, mentoring and experience in flora and vegetation survey. It is expected that they 
will have specific training and/or experience in ecology and taxonomy of the Australian 
flora and would normally have had a wide exposure to WA’s flora and vegetation, 
preferably with knowledge and experience in the region being surveyed. 

  
It is recognised that some surveys may be done by survey teams that include members 
with less experience. These members should be supervised and mentored by the 
specialists mentioned above. This is seen as useful in training new practitioners. (p. 12) 

 

7.3 Training procedures 

Training is essential for developing competent observers. Refreshment of skills including species 
identification and clarification regarding measurement of foliage cover may be necessary for 
observers. Observers should be trained in the use of SOPs relevant to this protocol and 
discussions in the field regarding techniques are recommended.   
 

8 Operational Requirements 

8.1 Annual workload and field schedule 

Monitoring will require one team of two to three people for each site visit. The time required to 
complete site visits may be three days. This time required may vary depending on logistics, 
weather and team skill level.  
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The field schedules for site visits need to be prepared in consultation with District DEC staff, local 
land managers and landholders several months prior to field work. 
 

8.2 Facility and equipment needs 

 
• Meals and accommodation need to be organised for field staff in close proximity to the 

TEC. When work is carried out by the district no accommodation should be required, 
however if there are staff travelling from Perth, accommodation in Lake Grace and meals 
should be arranged. 

 
• The equipment listed in this document under “Field season preparations and equipment 

setup” needs to be gathered together, and missing items borrowed or purchased. 
Equipment needs should be amended accordingly if more than one team undertake 
monitoring during a field visit. 

 
• The appropriate computer hardware and software need to be purchased and/or loaded 

onto field computers. PCs with Microsoft Office and programs such as ArcMap9, and 
Primer may need to be purchased. 

 
• Storage space for equipment needs to be organised.   

 

8.3 Startup costs and budget considerations 

The following costs need to be considered in the budget for this monitoring project: 
• staff and consultant wages; 
• purchase and hire of field equipment; 
• accommodation and meals during field trips; and 
• vehicle hire and running costs. 

 
Limitations such as project duration, unseasonal rains, and financial year constraints need to be 
considered. 
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10 Appendices 

Field data forms should be printed onto write-in-the-rain paper or stored electronically on a field 
computer and taken into the field. The relevant databases have data entry screens that coincide 
with the fields in these forms. 
 

(a) TEC occurrence report form 

(b) Lake Bryde Bore Registration Sheet 

(c) Lake Bryde Bore Monitoring Sheet 

(d) Lake Bryde Transect Registration Sheet 

(e) Lake Bryde Quadrat Monitoring Sheet 

(f) Lake Bryde TEC quadrat monitoring requirements 

(g)  Metadata statement template 

(h) Lake Bryde Natural Diversity Recovery Catchments TEC Elevations 

(i)   Lake Bryde AHD (m)  

(j) East Lake Bryde AHD 
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Appendix A.  TEC occurrence report form 
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Appendix B.  Lake Bryde Bore Registration Sheet 
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Appendix C.  Lake Bryde Bore Monitoring Sheet 
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Appendix D.  Lake Bryde Transect Registration Sheet 
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Appendix E.  Lake Bryde Quadrat Monitoring Sheet 
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Appendix E.  Lake Bryde Quadrat Monitoring Sheet continued 
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Appendix F: Lake Bryde TEC quadrat monitoring requirements 

 

Instructions: 

• Locate the quadrat: 
o Using a GPS preloaded with the locations of each quadrat and a map for 

reference locate the quadrat for survey. 

• Mark out the boundary of the quadrat: 
o using builders line or similar light weight cord run the cord around the 

centre screws of each quadrat peg. 

• Record the surveyor, date, site, transect, quadrat and condition of the soil. 

• Photo point monitoring 

• Shrub survey: 
o Draw a mudmap showing locations of Muehlenbeckia horrida subsp. abdita 

plants that are rooted within the quadrat, numbering each plant and 
noting whether it is alive or dead. If time and resources permit, plants 
may also be tagged as close to the ground as possible using ‘sheep tags’ 
or heavy gauge metal tags and stainless steel wire. 

o Measuring dimensions (length, width, height): 
� Record the greatest horizontal dimension of the plant as the 

length; 
� Record the dimension perpendicular (at 90°) to this as the width; 
� Record from ground level the highest point of the plant as the 

height; 
� All Muehlenbeckia plants that are alive and rooted in, or on the 

edge of the quadrat will have height, length and width recorded, 
including cover that falls outside the quadrat; 

� The presence of dead Muehlenbeckias will be recorded on the 
quadrat mudmap (as they may re-shoot) (not measured); 

� AliveTecticornia verrucosa plants 10cm or taller that are rooted in, 
or on the edge of the quadrat will have height, length and width 
recorded, including cover that falls outside the quadrat (note 
purple coloured T.verrucosa plants in photo below); and 

� Muehlenbeckia and T.verrucosa plants rooted outside the quadrat 
but with cover inside the quadrat will not be counted or measured. 

o Phenology: 
� Record flowering/fruiting of each Muehlenbeckia and T. verrucosa 

if observed; 
o Plant condition: 

� Plant condition will be recorded only for Muehlenbeckia as per the 
6 point scale below. 

o Plant counts/records/cover: 
� T. verrucosa plants below 10cm in height will be counted. If this 

proves too time consuming, cover estimates (using scale in point 
below) to be undertaken; 

� Estimate cover of remaining species within the quadrat using the 
following cover scale, eg 1-10%, 10-30%, 30-50%, 50-70% and 
70-100%; and 

� Counts of T. verrucosa plants that have recently died (that are 
distinguishable as this species) will be recorded  
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Appendix F continued:  Lake Bryde TEC quadrat monitoring requirements 

 

 

• Soil salinity survey using the EM 38: 
o Follow all EM38 instruction in manual (all EM38s will have a manual and 

will usually be operated by an experienced officer) 
o Ensure EM 38 instrument has been recently calibrated; 
o Take measurements at each of the five points of the quadrat; 
o For the EM38 sampling points on the edge of the quadrat place the EM38 

perpendicular to the edge of the quadrat; 
o Take the first measurement with the instrument flat to the ground, this 

will be the horizontal measurement; 
o Take the second measurement with the instrument standing up, this will 

be the vertical measurement; 
o For the EM38 sampling point in the middle of the quadrat place the EM38 

perpendicular to the red peg and repeat horizontal and vertical readings as 
above. 

 
Condition Scale for Muehlenbeckia horrida subsp. abdita 

1. Seedling – small, no hardwood, all soft wood. 
2. Juvenile – less than 40% of plant structure is hardwood, mainly around base, mostly 

softwood. 
3. Mature – over 40% of plant structure is hard wood with softwood shoots. 
4. Senescent – plant is almost entirely composed of hardwood with very few softwood 

shoots. 
5. Presumed recent death – all hardwood, no softwood or shoots, unable to 

determine wether truly dead or dormant. 
6. Dead – no shoots, no bark, bleached dead wood. 

 
Softwood: immature, green, soft, flexible stems which have not developed bark. 
Hardwood: mature woody, stiff stems, that are brown in colour with obvious bark. 
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Appendix F continued:  Lake Bryde TEC quadrat monitoring requirements 
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Appendix G. Metadata statement template 

 

 

 

 

 

 

 

 

 

 

 

Category Element Comments 

Title  The ordinary name of the dataset.  
 

Dataset 

Custodian  The organisation responsible for the dataset.  

Abstract. A short description of the contents of the dataset.  

Search Word(s) Words likely to be used by a non-expert to look for the dataset.  

Geographic Extent 
Name(s)  
OR  

A list of geographic extents such as  
• map sheets; 
• local government areas;  
• catchments;  
• IBRA regions; and 
• latitude/longitude co-ordinates for the top left and bottom right 

corners of the area covered, 
that reasonably indicate the spatial coverage of the dataset.  

Description 

Geographic Extent 
Polygon(s) 

An alternate way of describing geographic extent if no pre-
defined area is satisfactory. Provide polygon title and 
location/directory address. 

Commencement date  Commencement date (of field work/data collection)  
Date Currency 

Completion date Last date of information in the dataset.  

Status What is the current status of the database? 
Ongoing/Completed/Under development/Planned.  

Dataset Status 
Maintenance and Update 
Frequency 
 
Daily   Weekly   Fortnightly   
Monthly   Annually   
Irregular 

Frequency of changes or additions made to the dataset  
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Appendix G. Metadata statement template continued 

 
 

 

 

 

 

 

 

 

 

 

 

Stored Data Format  

The format or formats in which the dataset is 
stored by the custodian. Eg. Microsoft Access 
database, Microsoft Excel Spreadsheets, ESRI 
shapefiles etc. 

Location/Directory address Where can the data be found 

Available Format Types  
The formats in which the dataset is available, 
showing at least, whether the dataset is available 
in digital or non digital form.  

Reports/Publications What reports and publications have been 
produced using the dataset? 

Access 

Access Constraint 
Any restrictions or legal prerequisites applying to 
the use of the dataset, eg. Licence required. 
Access and reliability. 

Lineage  A brief history of the source and processing 
steps used to produce the dataset.  

Positional Accuracy 
A brief assessment of the closeness of the 
location of spatial objects in the dataset in 
relation to their true position on the Earth.  

Attribute Accuracy 

How accurate are the values in the Attribute 
Table of this spatial data in respect to the real 
world values? Eg. ‘complete’ = all tables are 
correctly labelled in the dataset.  

Logical Consistency 

A brief assessment of the logical relationships 
between attributes and spatial objects in the 
dataset. Eg. ‘consistent’ = attribute values have 
been checked and validated for consistency; 
logic checked in relation to attribute names; and 
all attributes that require values have values 
assigned.  

Data Quality 

Completeness A brief assessment of the completeness of 
coverage, classification and verification.  
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Appendix G. Metadata statement template continued 

 
 

Contact Organisation  Ordinary name of the organisation from which 
the dataset may be obtained.  

Contact Position The relevant position in the Contact 
Organisation.  

Postal Address  
 
 
 
 
 

Postal address of the Contact Position.  

Telephone Number Telephone of the Contact Position. 

Facsimile Facsimile of the Contact Position.  

Contact 
Information 
 
 

Electronic Mail Address Electronic Mail Address of the Contact Position.  

Metadata Date  Date that the metadata record for the dataset 
was created.  

Additional 
Metadata 

 
Reference to other directories or systems 
containing further information about the dataset.  
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Appendix H. Lake Bryde Natural Diversity Recovery Catchments Elevations 
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Appendix I. Lake Bryde AHD (m)  
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Appendix J East Lake Bryde AHD (m)  

 


