Monitoring Protocol

Monitoring of the Invertebrate
Assemblages of Mound Springs of the
Three Springs Area Threatened
Ecological Community

Prepared by:
Adrian Pinder, Senior Research Scientist, Wetland Research, Department of Environment
and Conservation, P.O. Box 51 Wanneroo 6946, Western Australia.
Vanessa Clarke, Senior Project Officer, Species and Communities Branch, Department of
Environment and Conservation, Dick Perry Avenue, Kensington WA.
Carolyn Harding, Senior Project Officer, Species and Communities Branch, Department of
Environment and Conservation, Dick Perry Avenue, Kensington WA.
Prepared for:
Significant Native Species and Ecological Communities – Resource Condition Monitoring
Project

Version 1.0 (August 2009)

Monitoring of the Invertebrate Assemblages of Mound Springs of the Three Springs Area Threatened
Ecological Community

Revision History Log
Version #

Revision Date

Author

Changes

Suggested Citation
This monitoring protocol may be cited as:
Pinder, A., Clarke, V. and Harding, C. (2009). Monitoring of the Invertebrate Assemblages of
Mound Springs of the Three Springs Area Threatened Ecological Community. Version 1.0
(August 2009). Prepared for Significant Native Species and Ecological Communities – Resource
Condition Monitoring Project.

Monitoring of the Invertebrate Assemblages of Mound Springs of the Three Springs Area Threatened
Ecological Community

Table of Contents
1

Introduction............................................................................. 1

2

Protocol Constituents............................................................ 1

3

Background and Objectives ................................................. 2

3.1

Background and history .......................................................2

3.2

Rationale for selecting this resource to monitor ..................2

3.3

Measurable objectives .........................................................2

4

Sampling Design .................................................................... 3

4.1

Rationale for selecting this sampling design over others ....3

4.2

Site Selection and Initial Survey Work.................................3

4.3

Sampling frequency and replication ....................................3

4.4

Number and location of sampling sites................................4

4.5

Recommended frequency and timing of sampling ..............4

4.6

Level of change that can be detected for the amount/type of
sampling being instituted .....................................................4

5

Field Methods.......................................................................... 5

5.1

Field season preparations and equipment setup ................5

5.2

Sequence of events during field season .............................6

5.3

Details of taking measurements, with example field forms .6

5.4

Post-collection processing of samples ................................8

5.5

End-of-season procedures ..................................................8

6

Data Handling, Analysis and Reporting.............................. 9

6.1

Metadata procedures...........................................................9

6.2

Overview of database design ..............................................9

6.3

Data entry, verification and editing ......................................9

6.4

Recommendations for routine data summaries and statistical
analyses to detect change ...................................................9

6.5

Recommended reporting schedule......................................9

6.6

Recommended methods for long-term trend analysis ........9

6.7

Data archival procedures.....................................................9

6.8

Support for systematics .......................................................9

7

Personnel Requirements and Training ............................... 9

Page - i -

7.1

Monitoring of the Invertebrate Assemblages of Mound Springs of the Three Springs Area Threatened
Ecological Community
Roles and responsibilities....................................................9

7.2

Qualifications .....................................................................10

7.3

Training procedures...........................................................10

8

Operational Requirements.................................................. 10

8.1

Annual workload and field schedule ..................................10

8.2

Facility and equipment needs............................................11

8.3

Startup costs and budget considerations ..........................11

9

References ............................................................................ 11

10

Appendices ........................................................................... 12

FIGURES
Figure 1
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A.M Pinder and M.G. Pennifold (2001).

Appendix B
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sampled: Report on August 2001 sampling of invertebrate assemblages at mound
springs of the Three Springs Area. BY A.M. Pinder and L. Stratford (2006).
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Field Sheet Example: Resource Condition Monitoring Wetland Field Sheet.

Appendix D

Map showing the location of the subset of mounds springs sampled (A. Pinder et al.)
from the known mound springs sites in the Three Springs area
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1

Introduction

This monitoring protocol provides information and procedures for monitoring the invertebrate
assemblages of the mound spring threatened ecological communities of the Three Springs area in
Western Australia (Figure 1). These springs occur between Eneabba and Arrino in the headwaters of
the Arrowsmith River, on the western slopes of the Dandaragan Plateau on alluvial, colluvial and
diluvial quaternary deposits of sand, silt and clay (Mory 1994).
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2

Protocol Constituents

This protocol consists of this Protocol Narrative. Future drafts of this protocol may include Standard
Operating Procedures (SOPs) for undertaking sampling described in this document.
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3

Background and Objectives

3.1

Background and history

“The assemblages of organic mound springs of the Three Springs area” is a listed threatened
ecological community (TEC) currently ranked as endangered (endorsed by the Minister in 2002).
Thirty-four occurrences are currently known and the habitat of this community is characterised by
continuous discharge of groundwater in raised areas of peat. The peat and surrounds provide a
stable, permanently moist series of micro habitats. There is a high level of heterogeneity of
invertebrate fauna assemblages between these sites and all are associated with a rich and healthy
fauna. Results of a survey of a subset of the springs are documented in Pinder and Pennifold (2001)
and Pinder and Stratford (2006) who concluded that “although it is unlikely that any element of this
subset is restricted to these particular springs, taken together they form an assemblage that may not
occur in other aquatic habitats.”
The plant assemblages associated with these organic mound springs comprise an overstorey of
Melaleuca preissiana trees sometimes in combination with Eucalyptus camaldulensis and/or
Eucalyptus rudis; the shrubs Hypocalymma angustifolium, Acacia sp.; sedges of Baumea vaginalis;
and herbaceous species including Patersonia occidentalis.
Threats listed for this TEC include introduced species such as weeds and stock; damage from stock
including grazing and trampling; and inappropriate fire regimes. The current distribution of this TEC is
limited and the community is subject to known threatening processes that are likely to result in total
destruction in the short term future (within approximately 20 years). Additionally, the few occurrences
are all small and/or isolated and all or most are very vulnerable to known threatening processes.

3.2

Rationale for selecting this resource to monitor

The assemblages of organic mound springs of the Three Springs area was prioritised for monitoring
due to its current ranking as endangered; as it is a good example of an invertebrate-based wetland
TEC; and due to the preliminary invertebrate survey work already undertaken by DEC’s Science
Division (Pinder 2002; Pinder and Pennifold 2001; Pinder and Stratford 2006) .
The initial survey was commissioned by the Western Australian Threatened Species and Communities
Unit (WATSCU) as part of an assessment of a proposal to list the mound spring invertebrates as a
TEC. This work was funded by the Wetland Conservation Project.
Other studies of aquatic invertebrates of similar springs in south-western Australia include Jasinska
and Knott (1994) and Jasinska (1998) who surveyed springs in the Muchea and eastern Gnangara
Groundwater Mound regions of the Swan Coastal Plain; further sampling on Gnangara Mound springs
was undertaken by Pinder (2004) which details 2002 sampling. A more general review of mound
spring habitats is provided by Knott and Jasinska (1997).

3.3

Measurable objectives

The aim of the WATSCU project was to survey the aquatic invertebrate fauna of mound springs and to
assess to what extent they represent an assemblage not found in other habitats.
The measurable objectives for monitoring these mound springs are to:
• determine if there are significant changes in water chemistry;
• determine if there are changes to the known diversity in invertebrate taxa; and
• determine if there are likely to be linkages between changes in hydrology, and changes in
biota, should such changes occur.
Adaptive management should be guided by the results of the monitoring of changes within the
physical-chemical-biotic parameters selected.
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4

Sampling Design

4.1

Rationale for selecting this sampling design over others

The sampling method is consistent with the initial survey work and with invertebrate sampling at other
organic mound springs in Western Australia (Pinder and Pennifold 2001; Pinder 2002 and 2004;
Pinder and Stratford 2006; Jasinska and Knott 1994; Jasinska 1998; Knott and Jasinska 1997).

4.2

Site Selection and Initial Survey Work

Five mound springs were selected for sampling during an initial survey (Pinder and Pennifold 2001).
The known occurrences of the TEC were mapped and reviewed for sampling. Considerations were
made in regards to accessibility, land tenure, distance between sampling sites, condition of
occurrence and a desire to sample a range of springs with different size, morphology and hydrology.
The initial mound springs sampling occurred during the driest stage of their hydrologic cycle (March
2001). This meant that some springs (particularly TST05 and TST20) were each sampled from only
one small hole dug in waterlogged soil. It was obvious that inundated or at least waterlogged habitat
would be more prevalent during periods of greater groundwater discharge at these sites. It was
recommended that these and additional springs in this system were re-sampled in late winter/early
spring, with the aim of:
•
•
•

producing a more complete list of invertebrates that utilise these spring habitats over the
year;
collecting additional specimens of some taxa that could not be identified from the limited
or immature material collected in this survey (such as the water mites, tubificid worms,
?Candopsis and Darwinulidae sp. 715); and
assessing whether those invertebrates of particular interest (as discussed above) occur
across a greater proportion of these springs than is apparent to date.

Consequently, a second round of sampling was undertaken in August 2001 (Pinder and Stratford
2006) to address these aims. One of the initial sites was dropped because it was highly disturbed
(excavated to make a farm dam) and two additional wetlands were picked up (Table 1).

Table 1 Site names and sampling times.
Site name from Pinder
sampling (Pinder
2006 'TST site code')

Site name in TEC
database ('MSTS
code')

TST1

MSTS01

TST3

MSTS05

TST5
TST6
TST10
TST13 (=TST ‘Big’)
TST20 (=TST A)

MSTS02
MSTS11
MSTS13
MSTS12

Number of samples
March 2001
1 (combined from two
excavated holes)
1 (combined from two
excavated holes)
1
1
0
0
1

Number of samples
August 2001

3
3
3
0
1
2
2

Note: TST (Three Springs Tumulus) codes from the Pinder 2006 sampling differ from the MSTS codes on the
TEC Database.

4.3

Sampling frequency and replication

Sampling should be undertaken every 2 to 3 years. Sampling intensity should be at least two samples
from each spring, depending on the types of aquatic habitats present at the time of sampling (i.e.
waterlogged soil, open water, flooded sedges, flowing water etc.). Ideally, a sample should be taken
from each aquatic habitat present but using the same sampling sites that have been sampled in the
past where possible.
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4.4

Number and location of sampling sites

A total of seven mound springs have now been sampled (Table 1)
The location of the sites (Pinder and Pennifold 2001; Pinder and Stratford 2007) are shown in Fig 1
and Appendix D and are described below. TST codes refer to the Pinder sampling sites, and MSTS
codes refer to the relevant Tumulus spring site in the TEC database:
•

TST1 (MSTS01). Composite sample from 2 holes (AMG 350000E 6725434N and 349988E
6725469N) dug in peaty soil under grass and from an area of inundated sedges (AMG 350004
6725469N). Mound with lots of inundated sedges , along track, with TST05 nearby;

•

TST3 (MSTS05). Composite sample from several sites on the mound, including interstitial
water from an area of waterlogged leaf litter in a hollow (AMG 350206 6725321), an area of
flooded Baumea sedges (AMG 350313 6725277) and interstitial water from peaty soil around
a small clump of reeds (AP notes: large mound, no track);

•

TST5 (MSTS02). AMG 349816 6725390. A single sample of interstitial water from a hole dug
in waterlogged peaty soil. This site was otherwise fairly dry near the surface. Small mound
near TST01;

•

TST6 (MSTS11). This spring has been largely converted to a farm dam. The dam (site
TST06a AMG 351506 6724168) was sampled using a 50 µm mesh net to sample the plankton
and a 250 µm mesh net to sample the benthos. A separate sample (TST06b) consisted of
interstitial water from a small hole about 10 m from the dam;

•

TST 13 (MSTS13). Sample 1 was from a trickle flowing into a pool while sample 2 was from
the pool itself, both collected using a 50 µm sweep net;

•

TST14 Two samples collected with a 50 µm mesh sweep net in small areas of open water and
pooled in the field; and

•

TST20 (MSTS12). Composite sample from a small (<1m ) shallow (~ 2 cm deep) surface pool
and additional water obtained by digging into the sediment at the same spot (AMG 348822
6725166). Also known as TSTA, visible from main road.

2

More detail on the site locations are available in Appendices A and B.

4.5

Recommended frequency and timing of sampling

The initial invertebrate survey was undertaken in March 2001 (Pinder and Pennifold 2001) and
repeated and expanded in August 2001 (Pinder and Stratford 2006). To be consistent/comparable,
subsequent monitoring should ideally be undertaken in August/September when moisture and
diversity are likely to be greatest, though consideration should also be given to sampling in late
summer/early autumn when the springs are likely to be most stressed. Occurrences 1, 2, 5, 12 and 13
were sampled again by Adrian Pinder and Anna Leung in spring 2008 but as of April 2009 these
samples were still being processed.

4.6

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

The power to detect change in an ecosystem depends on sampling effort and variability in the data
collected and the desired magnitude of the change to be detected. At present, this has not been
assessed for the mound springs and several rounds of sampling will be required before such an
analysis can be undertaken, though some indication will be possible after the current (third) round of
sampling and identifications is complete. It is likely that individual springs will have to be treated as
replicates in analyses of changes in biodiversity across all sampled springs, i.e. sampling may be too
infrequent and samples too variable to detect change at individual springs.
Due to a lack of similar long term invertebrate monitoring information, the level of change that can be
detected by biennial sampling, and whether this levels exceeds the desired detectable change, is
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unknown at this stage. An additional problem is that on each visit different habitats are available for
sampling, depending on the amount of surface water and vegetation present. Substantial variation in
richness can be expected between sampling events but in the long term composition should be quite
stable assuming no change in condition.
Consistent monitoring over a ten year time frame should start to reveal trends in water chemistry and
invertebrate diversity and abundance. Decisions regarding level of acceptable change (which will
become the magnitude of change that the monitoring needs to detect) without management
intervention should be referred to experts within DEC Science Division. If a consistent pattern of loss
of particular species (especially of the unique components) and/or overall species richness decline is
detected then further investigations as to the cause should be implemented.
Declining water quality and altered water quantity should also act as a flag for further investigations.
Ideally vegetation monitoring (including photo point monitoring) in areas adjacent to the sampled
mound springs should also be undertaken to increase the potential for detecting change within this
community.

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. Contact will be
made with NRM and DEC Regional and District staff to schedule field trip dates and access
arrangements, particularly where access to occurrences on private property is required.
Prior to working in the field, staff must complete a field advice form and review the RCM safety
protocol and this protocol.
Preliminary preparations
The following will be required to undertake the desktop preparations prior to field sampling:
• review prior survey reports;
• become familiar with sampling methods;
• licence for collection of invertebrates;
• book accommodation;
• shared vehicles and equipment should be booked in advance on the relevant field
equipment booking sheets; and
• produce maps on sampling locations and access points.
Field monitoring
The following equipment will be required to undertake the field component of the monitoring:
• maps and access information, including property owners details;
• sampling equipment including 250 ml, 500 ml and 2000 ml containers, mesh nets of 50
and 250 µm pore size (with screw-on end container for the 50 µm mesh net);
• shovel, trowel, and a small auger;
• scooping container for collecting water from holes;
• 50 µm stainless steel sieve can be handy for samples from excavated holes (for pouring
water through rather than a net which is bulky and awkward for such samples);
• buckets for washing surface water samples;
• GPS;
• camera;
• Electronic pH and conductivity meter;
• alcohol for preserving samples (allow about 3 litres per spring: this is for preserving the
samples collected with a 250 µm net/sieve);
• buffered formalin (about 300 ml of 40% buffered formalin (recipe provided below) for
preserving the samples taken with a 50 µm net/sieve);
• waders/gumboots;
• waterproof labels and pencils;
• notebook; and
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•

nutrient samples (where required) will need 2 x 250ml bottles and filtering equipment.

Recipe for buffered formalin (makes approximately 1 litre):
125 ml formalin
20 ml propylene glycol
20 g borax
880 ml distilled water
Hydrological sampling
Consideration should be given to the establishment of permanent ground water monitoring bores with
data loggers. Interim devices such as a soil moisture probes (comprising a small auger and tube),
which are better for relative measures, could also be used.

5.2

Sequence of events during field season

During the field season the following actions are to be undertaken:
• the vehicle will be checked and packed with the relevant equipment;
• purchase of consumables for field trip;
• sufficient travel time will be allowed to reach accommodation destination and to unpack;
• hygiene protocols are to be adhered to minimise the spread of Phytophthora;
• field work component and specimen processing; and
• re-check and pack vehicle for return trip to Perth.

5.3

Details of taking measurements, with example field forms

Where very little water is present only a fine mesh net (50µm) should be used and either swept
through the water or, if depth is too shallow, then a container (e.g. a plastic jar) should be used to
scoop up water (after stirring up the mud) and this should be poured through the net. Where there is
only water logged soil a small hole can be dug out with a shovel and left to fill up with interstitial water.
This water can then be scooped up as above. Samples taken using a 50µm mesh net are to be
preserved in buffered formalin, labelled in the field and sorted in the laboratory. This is because they
will contain microinvertebrates that preserve better in formalin. For interstitial samples, five litres
should be filtered through the net at each such sampling point where possible.
Where substantial surface water (more than a couple of square metres) is present this should be
sampled using both the 50 µm and 250 µm mesh nets.
For the plankton sample, the 50um mesh net should be very gently moved through the water column
without stirring the bottom. Place this sample in a 250 ml sample jar (no more than half full) and top up
with formalin. This sample is supposed to be clean and only samples what is in the water column. The
amount of sweeping would depend on the pool size but should be five metres, where possible. The
net needs to be drained of water (by holding it above the water) after each metre to avoid simply
pushing water ahead of the net.
For the coarser 250 µm net (benthic sample) vigorously stir up the bottom material, water column and
plants and sweep through the water rapidly to catch fast-moving animals. This may result in a full net,
therefore coarse twigs and leaves should be removed by washing these in clean water and discarding
the material (best to collect some clean water before taking sample if possible) and the water passed
back through the net. Inorganic sediment should be removed through elutriation in buckets. Remaining
material should be passed back through the net to remove excess water. Washing should have
reduced the sample sufficiently to preserve in no more than three 2000 ml sample jars (each only
maximum 2/3rds full). Fill each container with 100% alcohol.
Sites should be relocated with a differential GPS to ensure the correct location is re-sampled.
To maintain consistency with the initial sampling, the following methods are to be followed for each
site:
TST1) (MSTS01)
March 2001.
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Composite sample from 2 holes (AMG 350000E 6725434N and 349988E 6725469N) dug in peaty soil
under grass and from an area of inundated sedges (AMG 350004 6725469N).
August 2001
Sample 1 was collected using both a 50 µm mesh net and a 250 µm mesh net from a large flooded
area with open coloured water amongst melaleucas on the southern edge of the mound. Specimens
from these two samples were picked separately in the lab but combined prior to identification. Sample
2 was collected from a small shallow flooded channel within Baumea just north of sample 1 and
sample 3 was collected from a small hole dug into another area of Baumea. A water sample was
taken from sampling point 1.
October 2008
Two samples which are equivalent to samples 1 and 2 were taken, in August 2001.
TST3 (MSTS05).
March 2001
Composite sample from several sites on the mound, including interstitial water from an area of
waterlogged leaf litter in a hollow (AMG 350206 6725321), an area of flooded Baumea sedges (AMG
350313 6725277) and interstitial water from peaty soil around a small clump of reeds.
August 2001
Sample 1 was collected from a small pool of water with large amounts of leaf litter and soft organic
sediment. Samples 2 and 3 were collected from an inundated stand of Baumea vaginalis. Sample 2
was taken by scooping water from a shallow muddy vegetated area on the edge of the Baumea while
sample 3 was taken using a sweep net from within an area of deep open water in the middle of the
Baumea.
October 2008
Surface water samples taken from two small pools amongst flooded sedges at AMG 350210 6725314
[sample 1] and 3500223 6725339 [sample 2]. These were equivalent to samples 2 and 3 taken in
August 2001.
TST5 (MSTS02).
March 2001.
A single sample of interstitial water from a hole dug in waterlogged peaty soil (AMG 349816 6725390).
This site was otherwise fairly dry near the surface.
August 2001.
Sample 1 was from a shallow flooded tract of sedges on the northern side, off the track between this
spring and TST01 while sample 2 was taken from a small natural hole with open water on the western
side.
October 2008
As for August 2001.
TST6 (MSTS11). (Not recommended for further sampling – highly disturbed)
March 2001
This spring has been largely converted to a farm dam. The dam (site TST06a AMG 351506 6724168)
was sampled using a 50 µm mesh net to sample the plankton and a 250 µm mesh net to sample the
benthos. A separate sample (TST06b) consisted of interstitial water from a small hole about 10 m from
the dam.
August 2001 – not sampled
TST13 (MSTS13).
March 2001 – not sampled.
August 2001
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Sample 1 was from a trickle flowing into a pool while sample 2 was from the pool itself; both collected
using a 50 µm sweep net.
October 2008
As for August 2001.
TST10.
March 2001 – not sampled.
August 2001
Two samples collected with a 50 µm mesh sweep net in small areas of open water and pooled in the
field.
TST20 (MSTS12).
March 2001.

2

Composite sample from a small (<1m ) shallow (~ 2 cm deep) surface pool and additional water
obtained by digging into the sediment at the same spot (AMG 348822 6725166).
August 2001.
Sample 1 was from a small pool amongst sedges and shrubs while sample 2 was from a hole dug into
moist soil.
October 2008.
Two samples of interstitial water, one from same location as Mar 2001 and one from higher up on the
mound.

Water chemistry
Conductivity, salinity (usually calculated automatically from conductivity by the meter) and pH are to
be measured in the field using an electronic meter at least one sampling point per mound spring
(preferably the same site each time and preferably in open water). Ideally, these parameters should be
measured at each sampling point as they are quick, easy and cheap.
Samples of open water should be collected from the same point for analysis of ionic composition,
hardness, alkalinity, nutrient concentration, colour, turbidity and concentration of total dissolved solids
(TDS) in the laboratory by the Chemistry Centre (WA). Previous water samples were taken from the
inundated sedges at TST01, waterlogged leaf litter at TST03, the dam and the dug hole at TST06
(sites a, b respectively), the excavated hole at TST05 and the surface pool at TST20.
The essential measurements are field conductivity, pH, TDS and nutrients – the rest are optional.

5.4

Post-collection processing of samples

Curation
Most specimens are currently held in the wetlands lab of the Department of Environment and
Conservation’s Science Division. The bathynellids have been retained by Dr. Peter Serov (NSW Dept.
Land and Water Resources, Armidale).

5.5

End-of-season procedures

The following actions should be undertaken at the end of the field season:
• data transfer, storage and analysis;
• clean/repair/replace & store field equipment;
• specimens lodged/stored appropriately; and
• report preparation.
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6

Data Handling, Analysis and Reporting

6.1

Metadata procedures

Metadata for this project is the summary of the data collected from both the initial sampling and the
on-going monitoring described in this protocol. The DEC Science Division wetlands lab will be
responsible for issuing metadata statements in conjunction with the RCM webpage (in prep.).
Metadata for the spatial data will be generated using the ArcMap 9 metadata tool. Access to metadata
statements will be through the RCM website although direct access to data will be restricted to DEC
staff.

6.2

Overview of database design

Data for these mound springs is currently stored in the Aquatic Projects Access database in DEC
Science Division and by Species and Communities Branch.

6.3

Data entry, verification and editing

Data should be carefully entered into spreadsheets or databases as appropriate, with some sort of
data checking process carried out afterwards.

6.4

Recommendations for routine data summaries and statistical analyses to detect
change

These should include a number of summaries and analyses, including tables of species occurrence
across time. Analyses of all data to characterise variability in data should be undertaken between
sampling rounds to assist with determining power of sampling regime. Graphs of species and family
richness should be developed to show patterns in diversity over time. Multivariate analyses should be
undertaken to detect trends in community composition. Discussion of presence/absence of the
unique/rare components of the TEC should then be undertaken.
Water chemistry should be checked for trends in salinity and pH, in particular, but also for nutrients.

6.5

Recommended reporting schedule

Reporting should be undertaken after each sampling event.

6.6

Recommended methods for long-term trend analysis

As for section 6.4

6.7

Data archival procedures

Hard copies of raw data should be included in reports. Data collected is to be made available for entry
onto DEC Science Division wetlands database and potentially NatureMap.

6.8

Support for systematics

Specimens of undescribed material to be made available to appropriate taxonomists for species
descriptions as opportunities arise.

7

Personnel Requirements and Training

7.1

Roles and responsibilities

The following structure represents an example of staff and skill requirements for sampling mound
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springs:
Project team leader
• coordinates project and staff;
• schedules field work;
• team logistics (delegation); and
• responsible for coordinating and finalising final report.
Aquatic Ecologist
• invertebrate identifications;
• specialist advice on site selection;
• designs sampling methods; and
• undertakes analysis of data
Field Assistant/Technical Officer
• use GIS applications such as ArcMap 9 to create maps;
• enter data into the relevant database applications such as the TEC Database;
• assists with field logistics (accommodation, equipment etc);
• undertake field work; and
• write up reports in liaison with ecologist and biometrician.

7.2

Qualifications

Sampling can be undertaken by non-specialists where they have been adequately trained to do so by
aquatic ecologists. Invertebrate identification should only be undertaken by personnel with
considerable experience in identifying invertebrates to species level.

7.3

Training procedures

The following training components will need to be considered to train staff to undertake this
monitoring:
Pre-field preparations:
• map preparation – GIS training
Field component
• sampling methods (in-the-field training can be provided from suitably skilled staff)
Post-field component
• specimen sorting, processing and storage (on-the-job training can be provided from
suitably skilled staff)
• specimen identification (on-the-job training can be provided from suitably skilled staff,
although a great deal of experience is required to reach a level of competency).

8

Operational Requirements

8.1

Annual workload and field schedule

Consideration to the following factors should be considered for field sampling:
• the optimum period in which to sample;
• the resources and staff requirements;
• travelling and sampling time requirements; and
• consideration to other projects and deadlines.
The mound spring invertebrate sampling requires approximately:
• 1 days of preparation;
• 2.5 field days to sample (including travel to sites from Perth);
• Up to 8 days to sort each sample and process specimens from each sample;
• 1 day to store data
• 0.5 days to clean and maintain equipment; and
• 5 days to compile and write the report.
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8.2

Facility and equipment needs

Aside from general office facilities and equipment requirements, a range of computer hardware and
software for data capture and storage are required.
Specific facilities and equipment are required for the sorting, processing, identification and storage of
invertebrate samples. The following list of equipment and consumables are required as a minimum:
• a high power (preferably at least with 50x magnification) dissecting microscope;
• a compound microscope with 1000x magnification;
• immersion oil for 100x compound objective;
• microscope slides and cover slips;
• slide trays;
• glycerol, alcohol and a permanent mountant such as euparyl;
• full set of taxonomic guides and keys;
• fine jewellers forceps;
• large and small Petri dishes;
• stackable sieves (mesh size 2mm, 500µm and 250µm for samples taken with 250um
mesh net) (mesh size 2mm, 250µm and 50µm for samples taken with 50um mesh net);
• plastic vials for individual invertebrate orders during sample processing;
• tray for above;
• squeeze bottles for alcohol and water; and
• fume cupboard or downdraft benches with sink to prevent inhalation of alcohol or formalin
fumes when sieving samples.

8.3

Startup costs and budget considerations

Field equipment, accommodation and vehicle hire are the three major budgetary considerations for
this project. Staff are all employed by DEC and the use of consultants was not required. Staff
employed for identifications and sample processing were mostly contract staff and their salaries need
to be budgeted for.
Consideration for consultancy fees for identification of specimens should be considered in the budget
in instances where the full identification of all specimens will not be possible.
Additionally, the establishment of permanent ground water monitoring bores should be considered in
future budgets or grant application to increase the level of information gathered for each mound
spring, which can be linked to the monitoring data.
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Appendix A
Initial survey report to the WA Threatened Species and Communities Unit, Department of
Conservation and Land Management, WA. A survey of the aquatic invertebrates of some
organic mound springs in the Shire of Three Springs, W.A. by A.M Pinder and M.G. Pennifold
(2001)
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Appendix B
Subsequent report to WATSCU, Dept. CALM, WA, with additional mound springs sampled:
Report on August 2001 sampling of invertebrate assemblages at mound springs of the Three
Springs Area. BY A.M. Pinder and L. Stratford (2006).
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Appendix C
Field Sheet Example (see six following pages):
Resource Condition Monitoring Wetland Field Sheet
Field data forms for recording. These forms should be copied onto write-in-the-rain paper and taken
into the field.
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Appendix C
Field Sheet Example (see six following pages):
Resource Condition Monitoring Wetland Field Sheet
Field data forms for recording. These forms should be copied onto write-in-the-rain paper and taken
into the field.
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Appendix D
Map showing the location of several of the mounds springs sampled (A. Pinder et al.) from the known mound springs sites in the Three Springs area:

