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Abstract
Constructed wetland projects are a relatively new tool for environmental
management of agricultural lands and information regarding small scale
community based projects is scarce. In this project, a small scale community
based environmental management project involving the construction of a
wetland is described. This report includes an evaluation of the general
expectations of the parties involved, a description and evaluation of the
development process, and a baseline assessment of water quality. Expected
impacts were discussed with the interested parties, the development process was
observed and evaluated in relation to relevant literature, and the water quality
was assessed by physiochemical analysis and bio-indication.
Soil conservation, erosion mitigation and bio diversification were the primary
aims of the interested parties and improving the wider catchments health and
serving as an example for other landholders and environmental organisations
were some anticipated secondary impacts. These expectations were found to be
grounded in the current scientific literature and were likely to occur. The
development process of the wetland underwent important changes during the
planning and construction stages and the selection and positioning of
vegetation for plantation was carefully considered and found to be consistent
with relevant literature. The physiochemical assessment of the water quality
showed excess nutrients that were likely due to soil runoff. The bio-indication
results showed a range of species with different levels of pollution tolerance and
showed more diversity and abundance of macroinvertebrates after construction
which was likely due to improved habitat for species that prefer slow moving or
still (lentic) habitats over fast moving (lotic) habitats.
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1. Introduction
Maintaining productive and sustainable agricultural land is one of the most important
environmental challenges of the 21st century (Eswaran, Lal & Reich, 2001). Quality of the
environment, human health, food security and economic prosperity are all at risk when land is
altered by improper farming practices and a lack of early intervention in degraded landscapes
(Crosson, 1997, Pimentel et al., 1995, Dregne and Chou, 1992). For example severe erosion
can lead to desertification which renders land incapable of sustaining productive agriculture
and cannot be reversed (Eswaran, Lal & Reich, 2001).
Land degradation issues if unmanaged can create feedback loops which can devastate land in
short periods of time (Eswaran, Lal & Reich, 2001). For example erosion of nutrient rich
topsoil in agricultural land not only impairs the quality of soil and leads to unproductive
crops, but this disappearance of topsoil also decreases the water holding capacity of soil and
plant health and cover, increasing the energy of runoff and further eroding the soil (Pimentel
et al, 1995).
The health of the land and water are inextricably linked and thus degraded land often leads to
poor water quality (O’neil et al., 2012). The most common form of water pollution is
sediment runoff, which can be harmful to the environment and society (USGS, 2016a). For
example excessive nutrients, particularly phosphorous can cause outbreaks of cyanobacteria
(blue-green algae) that is toxic to both aquatic animals and humans (O’neil, et al., 2012).
Sediment runoff and the negative effects it causes are difficult and expensive to remediate
(USGS, 2016a).
It is widely known that agricultural production is dependent on biodiversity, and biodiversity
is determined by the amount of habitat made available in agricultural areas (UNEC, 2017).
For the long-term health of the soil, water and crops it is important that farmers and their
communities maintain diversity within and between species (UNEC, 2017). This is
particularly important for monocultures because they often don’t allow sufficient habitat for
diverse ecological communities of insectivores, pollinators and soil organisms which provide
essential ecosystem services that are impossible to emulate artificially (Shiva, 2015).
Humans have used wetlands as receptors for wastewater since ancient times, however it is
only since the 20th century that we have replicated natural wetlands using scientific
understanding of the biogeochemical cycle to meet the specific needs of water treatment
(Kadlec & Wallace, 2009). Wetlands used as sediment traps receiving field runoff from row
crops can be very effective at short detention times and with longer detention times dissolved
nutrients and some harmful constituents of herbicides and pesticides can be reduced (Kadlec
& Wallace, 2009).
Natural wetlands in the Australian landscape are extremely biodiverse and rich in endemic
species that have adapted to variation in wetting and drying cycles, unfortunately
anthropogenic pressures have seen the loss of many of our important wetlands (Dept. of
Environment, 2016). Although conserving natural wetlands is desirable as they have already
1

established complex ecological communities and have higher habitat value due to lower
nutrient intake, there is great potential in the creation of new wetlands as biodiversity
hotspots (Ghermandil, 2007).
The construction of a wetland at Figtree Farm presents an opportunity rather than a direct
problem. In the past the area suffered from extensive soil erosion (figure 1). Constructed
wetlands for the treatment of runoff are a relatively new management tool in agriculture and
there is little documentation of the construction and establishment of small scale, community
based projects such as this. A baseline assessment of water quality and ecosystem health is
useful for further ecological assessment and providing a clear record of the initial planning
and construction with details of what worked and what did not will contribute to the wider
body of knowledge on this topic and may be helpful to future projects in other environments.

Figure 1. Erosion at Figtree farm in 2016 (source: google earth, 2017).

1.1 Aims and objectives
To provide a detailed description of the early stages of development of a constructed wetland
and provide baseline data of ecosystem health indicators. Objectives include:





Collate the expected outcomes of each of interested parties
Describe the process of planning and construction
Conduct a biological assessment from macroinvertebrate species
Conduct a physiochemical assessment of water quality

2. Literature review
2.1 Macadamia farming
Macadamia trees (M. integrifoIia) are native to north-eastern NSW and south-east
Queensland. They produce a hard shelled nut that is of high value. Since it’s domestication in
Hawaii in the early 1930’s it has become the most successful commercial Australian native
plant product . Demand has grown steadily with Australia producing approximately 33 000
tonnes of product per year, 70% of which is exported (DPI, 2003: Quinlan & Wilk, 2005).
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For optimum growth, orchards need to be placed on well-drained, strongly structured, lightly
textured, deep and fertile soils in a subtropical climate (Agrimac, 2004, Quinlan & Wilk,
2005). The red basaltic (Ferrosol) soils in northern NSW fit this description but they are also
highly leachable and erodible if not protected by a vegetative cover (Agrimac, 2004, Bright et
al., 2017, Reid, 2002).
Macadamia trees are larger than most tree crops and only mature trees at 4-5 years old
produce a harvest (McFayden et al. 2005; Quinlan & Wilk, 2005). Demand for early
economic return means they are usually planted as monocultures in high density row crops
(Reid, 2002; McFayden et al. 2005). Mechanical harvesting using finger wheel harvester
tractors is standard practice but harvesting occurs from the ground so the wheel and axle load
can contribute to soil structural decline which is exacerbated by the harvesting requirement
that the soil be left bare underneath trees (Qld Gov, 2004: Agrimac, 2004). The bare soil
allows the concentrated stream flows to run down the trunks to remove topsoil and leach
nutrients (Agrimac, 2004, Keen et al., 2010). In young orchards this is evident in the
lowering of the tree row from the grassed inter row and root exposure (Agrimac, 2004).
The high density and large canopy width of mature trees can lead to canopy crowding which
restricts sunlight which causes bare canopy floors and unprotected soil (McFayden et al.,
2005). Although wind, sweeping and blowing can contribute significantly to soil loss, water
is the principal form of erosion in macadamia plantations (Agrimac, 2004). The level of
ground cover is the most important factor in determining soil loss from water (Agrimac,
2004).
The Department of Primary Industries (DPI) have used LiDAR data to create models of
drainage in macadamia orchards that are used to predict the soil loss in tonnes per hectare
before and after management (Bright et al. 2017). DPI has produced an integrated orchard
management plan as a framework for recovering declining orchards and maintaining healthy
orchards (Bright et al. 2017). The plan outlines a three step process; protect orchard blocks
with diversion drains, create stable water courses and maintain slope specific groundcover
(Bright et al. 2017). The steps are not necessarily performed in order depending on the
presence of ‘red flags’, which are an immediate call to action of a corresponding step (Bright
et al. 2017). For example if there is bare earth and tree heights greater than row width step 3;
maintain slope specific cover may need to be implemented before other steps (Bright et al.
2017). Once these steps have been taken there are further management strategies that can be
implemented (Bright et al. 2017). For example, check structures can be used to break up the
slope length and sediment ponds and constructed wetlands can be used to trap sediment
(Bright et al. 2017).

2.2 Catchment health and bio-indication
The negative effects of poor water quality in a catchment become obvious when there are
major changes in the flora and fauna, land productivity and appearance is reduced or the
quantity or quality of drinking water is reduced (Norris & Thoms, et al. 1999; Harris et al.,
1997).
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Harris(1997) argues that the scale of management should not be defined simply by catchment
boundaries and rather water be managed in the context of complex adaptive ecosystems that
move both spatially and temporally as they adapt to natural and anthropogenic changes.
While the complexity of the hydrological cycle does not provide clear boundaries, managing
water in the scope of catchments provides a necessary framework that allows models of water
and land interactions to be built and therefore allows for targeted preventative and remedial
action in Australia (NSW Government, 2007).
A healthy catchment can be defined as one in which its physical, chemical and biological
functions are able to support the ecosystem and society that depend on it (Norris & Thoms et
al., 1999, Moss, 1992). To determine the health of surface waters in a catchment bio
indicators such as macroinvertebrates are widely used (Chadde, 2005). This is because they
are generally abundant, have low mobility, are sensitive to chemical pollution and
sedimentation and are a primary food source for many other important species (Chadde,
2005).
As the macadamia industry in Northern NSW grows, suitable land for new orchards is
becoming limited and some have been planted on land that is too steep, (slopes greater than
15 degrees) creating an even greater risk for erosion (Reid, 2002). Macadamia farms in the
area have been identified as a major source of sedimentation in waterways which has led to
bank erosion, eutrophication, pesticide pollution and muddy water that favours aquatic pests
such as carp (Cyprinidae) (Lismore City Council, 2016).
The river and estuarine health of the Richmond catchment was assessed in 2015 by Ryder et
al. This study measured range of indicators of ecosystem health in the streams including
hydrology, water quality, riparian vegetation, geomorphic condition and macro invertebrate
assemblages. The study found that the overall health of the catchment was poor (Ryder et al.,
2015). Riparian conditions were poor across the catchment, but upper freshwater reaches
were found to have healthier aquatic and geomorphic condition than other areas.
The study found that the issues with water quality, biota and physical condition are affecting
the long and short term health of the streams. It was found that channels contain high
nutrients regardless of increased flows into the Wilson and Richmond rivers, in times of high
rainfall nutrients were sourced from sediment runoff and in times of low rainfall nutrients
were released due to low oxygen conditions (Ryder et al., 2015)
Previous research indicates that macroinvertebrate condition in the catchment reflect poor
water quality and habitat conditions across the catchment with the potential for localised
increases in their condition in the upper Richmond and rock creek areas which they suggest is
associated with habitat restoration and food availability, sediment smothering and water
quality ( nutrients and turbidity). This suggests the value of targeted restoration work to
improve macroinvertebrate condition (Ryder et al, 2015)

2.3 Land care
Landcare Australia Ltd encourages the integrated management of environmental assets,
including productive farmland and a sustainable approach to private land management.
4

Landcare claims to be the largest environmental management movement in Australia, with
over 5,400 Landcare groups operating across the country (Landcare Australia, 2017). Over 20
countries have now adopted the Landcare model which was first initiated in Australia in 1985
(Landcare Australia, 2017).
Landcare groups are active voluntary networks consisting of local landowners and other
community members. They are community driven, founded on a system and a spirit of multi
stakeholder co-operation, and information sharing, they attract motivated volunteers who
have understanding and knowledge of their locality (Campbell & Siepen, 1994). Landcare
groups set their own agenda, chose their own sites and their own priority projects (Maekawa,
2017).
Whian Whian Landcare (WWLC) group has been operating for over 20 years and holds
regular meetings and working groups at which members share information and plan their
activities (Whian Whian Landcare group, 2017). One of its priorities has been the extension
of wildlife corridors from the National Park onto private land. WWLC have been actively
supporting riparian restoration projects across the three creeks (Rocky Creek, Branch Creek
and Topsy Creek) that run through Whian Whian and have already achieved strong corridor
connectivity along multiple properties with creek frontage (Whian Whian Landcare, 2017).
Landcare groups are primarily self-funding, however they also rely on the provision, or
allocation of grants, and other supports for their activities. These come from a diversity of
sources, including state and federal governments, corporate partners, Landcare Australia Ltd,
and Local Land Services (Maekawa, 2017). Government funding of Landcare is declining,
largely due to changes in government policy (Morton, 2017). This reduction does not
immediately affect the local Landcare groups, as they are largely self-funding, however it
does limits the potential to fund larger projects such as such as the one that is the focus of this
report.
Due to limited funding, the North Coast Local Land Services (NCLLS) have reconsidered
how it allocates the targeted Landcare funding. In the first two years of the three year
funding, the NCLLS spread funds between a number of smaller Landcare projects in the
region, however, in the third year it was decided funding would be more effective if allocated
to one larger project and the Whian Whian group was successful with a broad project that
includes this wetland development (P. Boyd, personal communication, 2017).

2.4 Natural sequence farming
Natural sequence farming (NSF) refers to methods of land management that aim to restore
‘natural water cycles’ on the land at minimal cost to the landholder. The methods were
developed by Peter Andrews, a farmer and horse breeder whose work transformed his
property in Bylong in the Hunter Valley from a degraded landscape to land with sufficient
grass that is not irrigated and a slow flowing stream with a healthy riparian zone and
excellent water quality (Australian Story, 1996).
In his book “back from the brink” Andrews describes a landscape before European arrival
and subsequent land clearing and imported farming practices and before Aboriginal people’s
arrival and subsequent burning of bushland. The Australian continent is described as
5

completely vegetated and extremely diverse with thick understories of herbs and vines. He
explains the system was supported by a series of stepped floodplains where the river system
ran on high ground and was naturally slowed by reeds allowing fertility to move downslope
where excessive floodwaters are received by wetlands. He argues that it remained much the
same for millions of years, all deserts in Australia are manmade and that the previous
uniformity of the landscape allows his principles to be applied to all environments in
Australia, likening different land systems to different mammal species with the same organs.
His methods are focussed on increasing water surface and subsurface water storage and
reducing loss from evaporation and runoff (Andrews, 2006). The methods have been widely
criticized mainly for promoting the growth of weeds on degraded land and allowing water
tables to rise in salt affected areas (Australian Story, 1996, Andrews, 2006) In 2004, the ARC
funded a research project that aimed to monitor the effectiveness of NSF at another property
in the Hunter Valley, which found that exotic weeds were successfully used as pioneer
species in the case of willows which were out competed by native vegetation (Bush, 2007).
The study also found that connectivity between surface waters and aquifers was increased as
was macroinvertebrate populations that had diversity comparable to pristine headwaters of
the nearby Wollombi National Park (Bush, 2007). A later study by Erskine et al. (2012)
assessed vegetative effects on channel width in the nearby Widden Brook river, Hunter
Valley found that natural sequence farming works to mitigate the longstanding channel
contraction offered cosmetic results at best. There have been no studies to date on the
effectiveness of NSF in salt affected areas where the NSF methods promoting water table rise
may be incompatible with rehabilitation due to saline soils and aquifers.
The claims that all deserts in Australia are manmade is inconsistent with mainstream
scientific literature on the topic. The current scientifically accepted understanding is that the
arid climate that covers much of central Australia is responsible for its extensive desert
regions, as the global atmospheric circulation from the equator creates areas of subsidence
with very little rainfall and Australia has not been completely forested for over thirty million
years (Rhodes et al., 2005, CSIRO, 1958, Hill 1994, Mabbutt, 1997).

2.5 Wetlands in agriculture
Soil retention in agricultural land is one function of a constructed wetland that benefits the
farmed land and the wider catchment (USGS, 2016b, Knight, 1990). It is important because
the build-up of sediment in receiving waters has undesirable physical effects such as high
turbidity and deposition in dams and reservoirs that decreases their lifespan (USGS, 2016b).
Soil particles also have the ability to affix to surface reactive pollutants such as nitrogen and
phosphorous that are not only potentially damaging to aquatic ecosystems once desorbed, but
would also serve to increase fertility on the land if sensibly recycled (Jansson et al. 1994,
Kadlec & Wallace, 2009). Constructed wetlands when designed to hold sediment can be very
effective (Knight, 1990). One study by Knight, 1990 compared a natural wetland which
retained only 3 percent soil input to a wetland constructed specifically for diffuse source
pollution which retained between 88 percent and 98 percent sediment input.
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Aquatic plants are excellent nutrient extractors and finding ways to incorporate them into a
farm system is a low maintenance method of nutrient management (Moore & Kröger, 2011).
For example, a study by Moore & Kröger (2011) showed an improvement in the water
quality of drainage ditches when aquatic species including an exotic weed were planted.
However, the effects of aquatic weeds upon water quality are not always positive and in some
cases they may be damaging (Australian Government, n.d.). For example, infestations of
water hyacinth (E. crassipes) and cabomba (C. caroliniana) have been shown to be
detrimental to water quality (Australian Government, 2007).
When planting constructed wetlands with the intention of improving water quality, the
effectiveness of polycultures over monocultures has not yet reached consensus. Monocultures
have suffered more than polycultures from disease and predation however polycultures are
unsteady in community dynamics because of interactions between species such as
competition leading to undesired species dominance and planting mixed species often
requires greater upfront costs (Agami & Reddy, 1990, Zhang et al., 2010, Tanner et al,.
1995). A study by Liang et al. (2011). Found no significant difference in the removal of
Nitrogen and Phosphorous from monocultured and polycultured wetlands. A mix of plant
species do however provide better habitat for a more diverse population of microorganisms
and animals (Azim et al., 2005).
Wetlands built to control sediment and increase biodiversity are not suited to all agricultural
land, areas that have insufficient rainfall or extensive toxic chemical use will find it difficult
to establish and maintain a beneficial wetland (Davis, 1995).
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3. Methods
3.1 Study area and sample sites
Figtree farm is located in Whian Whian NSW is part of the Rocky Creek sub-catchment
(figure 2). It is approximately 400m above sea level and has a subtropical climate with high
rainfall in the summer and mild winters (figure 3). Whian Whian has a diverse history of land
use including native forest harvesting and silviculture (OEH, 2010). Today most land is used
for grazing, fruit and nut farming, private forestry, residential ‘hobby blocks’ and a state
conservation area forming part of Nightcap national parks. There are is a small village and
private residences within Whian Whian and the area is a popular tourist destination (OEH,
2010). Waterways approximately 500m in length and grassed with Setaria genus were
established at the site of construction in 2016 (B. Bertolo, personal communications, 2017).
Two sites were sampled site 1 is located directly above the constructed wetland and site 2
approximately 250m below the wetland (figure 4).

Figure 2. Location of Rocky creek sub-catchment within the Richmond catchment, NSW,
(source: Rous County Council, 2017).
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Figure 3. Mean and median monthly rainfall calculated from 61 year period, 1943- 2014 – The
Channon is the closest weather station of similar elevation to the study site. (source: BOM, 2018).

Figure 4. Location of sampling sites (source: Google Earth, 2018)

3.2 Documenting the expectations of interested parties
The funding for this project came under the Federal Governments, National Landcare
Programme which was administered on the local level by the North Coast Local Land
Services (P. Boyd, personal communication, 2017). There is a close working partnership
between Richmond Landcare Incorporated (RLI) and WWLC. RLI applied for the funding on
behalf of WWLC and they will continue to work together to develop and deliver the project
(P. Boyd, personal communication, 2017). NCLLS will oversee the project, liaise with the
funding body and manage monitoring, reporting and communication whilst WWLC will
directly implement the project, liaising with contractors, landholders and partners (P. Boyd,
personal communication, 2017). The interested parties and their roles are given in table 1.
The expected impacts according to these parties were collected through online research, an
9

expression of interest document produced by WWLC and through informal conversations
held in person, over the phone and via email.
Table 1: interested parties in project and their role
Party
Australian Government
North Coast Local Land
Services

Role
Overall funding body, regulator
Administers grant, divulge funds, receive reports,
technical advice

Richmond Landcare Inc.

Overall project management, host Project Manager,
Liaise with NCLLS, Hold funding, divulge as per
reporting requirements, manage timeframe &
communications, Support CCB events (organising,
media etc.), technical advice
Implement project, host Project Coordinator,
Receive funding, manage budget, manage contractors,
liaise with landholders and partners, prepare data for
progress/final reports, organise CCB events
In-kind and cash support , ongoing maintenance
Undertakes works , planning and design (Landscape
designer Andrew Pawsey, excavator), technical advice
DPI Agriculture – event speaker, technical advice, other

Whian Whian Land Care

Landowner
Contractors
Partners

3.3 Photography and documentation
A Landcare meeting held prior to construction was attended and notes about the planning and
construction were taken. The site was visited and inspected for visual change at various
stages of development and photographs were taken. Photographs were sourced from the
landholder and taken myself and sketches of planning process and drainage maps and aerial
photographs were sourced from the landscape architect and the landholder. Conversations
were held with the architect, earthmover and Landcare representative to determine some of
the finer details about planning and construction.

3.4 Water Quality
Water samples were collected on two occasions; one week prior to excavation and one month
after. Electric conductivity (EC) and pH values were recorded in situ using EU tech meters.
Dissolved oxygen (DO) was tested using a titration based chemical kit supplied the SCU
chemistry laboratory. Samples from each site were collected using a 1L sample bottle
provided by the Environmental Analysis Laboratory (EAL). The samples were taken at
approximately 12pm, kept cold in an esky and delivered to EAL on the day of collection.

3.5 Macroinvertebrates
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Macroinvertebrate samples were collected using methods adapted from the Australian River
Assessment Scheme (AUSRIVAS) sampling and processing manual (Turak, Wadell &
Johnstone 2004). Samples were collected one week before excavation and one month after. A
0.25mm mesh net was used at site 1 (upstream from the wetland site) and site 2 (downstream
from the wetland site), both sites are in the grassed waterway so there is no distinction in
habitat types and one sample was taken per site by sweeping through the base of the grass.
Macroinvertebrates were picked on site, the content of the net was rinsed until the water ran
clear, and then transferred to a plastic sorting tray, where animals were picked using a pipette
and forceps, and transferred to vials containing 70% ethanol. Small/cryptic taxa were actively
pursued and picking time varied according to the amount of animals found within allocated
timeframes. The picking process followed those outlined in the AUSRIVAS manual (Turak,
Wadell & Johnstone, 2004). Identification was made using a stereoscope referring to
Gooderham & Tsyrlin, 2002 and Quigley, 1977.

4. Results
4.1 Expected impacts
The expectations of the various parties involved in this project are aligned. All parties
involved have a commitment to natural resource management, environmental protection and
sustainable agricultural techniques. The wetland project is expected to deliver a number of
benefits; to conserve the soil and mitigate erosion, increase biodiversity, to improve the
health of the catchment and to serve as a model for other landholders and environmental
organisations.

4.1.1 Soil conservation and erosion mitigation
NCLLS and other bodies are targeting the macadamia industry to encourage growers to
maintain their orchards in order to reduce soil run off and this project was funded by the with
that objective at the forefront (P. Boyd, personal communication, 2017). Like other
commercial macadamia farms in the area, Figtree Farm is vulnerable to issues associated with
erosion and water run off which may affect its long term viability (P. Boyd, personal
communication, 2017). The landowner’s objectives are to run a successful macadamia farm,
and the wetland project is one element of a holistic management plan for the farm (B.
Bertolo, personal communication, 2017).
Figtree Farm was supported to undertake this project because the landowner had already
demonstrated good management of the orchard to reduce soil run off. The landowner had
received grants previously for environmental management, and has shown a commitment to
conservation by registering as Land for Wildlife properties and making an application to
Foundation for National Wildlife for a private land conservation grant in 2017 (WWLC,
2017).
The project aims to design and maintain pathways of water movement to reduce the loss of
soil, improve soil condition, and reduce erosion (WWLC, 2017). The principle behind the
11

design of the wetland is that water falling into water causes less erosion than water falling
into soil (A. Pawsey, personal communication, 2017). In a major rain event is it expected that
water in the wetland will move over the surface in a similar way to a wave, and will have
minimal impact on the soil below (A. Pawsey, personal communication, 2017). Vegetation
strips will also act to filter nutrients and trap sediment, allowing the landowner to collect the
top soil that has accumulated in the wetlands and relocate it on the farm in an area of his
choice (A. Pawsey, personal communication, 2017).

4.1.2 Provide habitat and increase biodiversity
Other environmental outcomes were important to the landowner; to create a body of water as
a habitat for insects, frogs and birds to help control insect pests and build biodiversity (B.
Bertolo, personal communication, 2017). He also wanted create an aesthetic site of interest on
the farm (B. Bertolo, personal communication, 2017). To achieve all his objectives in the
long term the landowner will be required to do ongoing maintenance (A. Pawsey, personal
communication, 2017). Without continuous management in the future the wetland will
continue to trap soil resulting in a grassy swale (A. Pawsey, personal communication, 2017).
To maintain the body of water then the landowner will have to excavate the silt from the
pond every few years subject to rainfall (A. Pawsey, personal communication, 2017).

4.1.3 Improve the health of the catchment
This project was designed as one part of a larger project called the healthy catchments
project, which aimed at improving the health of the surrounding catchments and involved 13
privately owned properties and one public land site in the Rocky and Branch Creek
catchments as shown in figure 5 (WWLC, 2017). The Healthy Catchments project involves a
combination of; on-ground vegetation restoration activities, soil conservation and erosion
mitigation and water quality monitoring (WWLC, 2017). The Figtree Farm part of the project
has a focus on soil conservation and erosion mitigation through sediment traps and drainage
management measures (WWLC, 2017). It is expected that the works will improve river
health for downstream users and environments (WWLC, 2017).
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Figure 5. Location of all project sites in The Healthy Catchments Project, Whian Whian
source: Whian Whian Landcare, 2017.

4.1.4 Serve as a model for other landholders and environmental
organisations
A key component of this project is its potential to be a demonstration site of Best
Management Practice (BMP) for erosion control in macadamias (WWLC, 2017). By creating
a demonstration site for orchard BMP it is expected this project will inform farmers and be a
model for farmers to consider on their own properties (WWLC, 2017). The WWLC has
committed to working with the NCLLS and the Department of Primary Industry –
Agriculture on a number of capacity building events such as workshops and field days
focused on property planning and the management of soil erosion on Macadamia farms
scheduled for May 2018 (WWC, 2017).
The landscape architect on this project (Andrew Pawsey) was trained in Natural Sequence
Farming techniques by Peter Andrews and used these principles to underpin he design for the
project (A. Pawsey, personal communication, 2017). He believes this project can be used to
demonstrate the application of the Natural Sequence Farming on other agricultural projects of
this scale (A. Pawsey, personal communication, 2017). Andrew also plans to use the project
to demonstrate his own professional skills and capacity to incorporate environmental and land
and water management in master plans of large properties (A. Pawsey, personal
communication, 2017).

4.2 Details of project from planning to planting
4.2.1 Planning
The landscape architect worked with other parties to define the implementation of the Figtree
Farm project (A. Pawsey, personal communication, 2017). It is to be the first stage of a
bigger project for the entire catchment and starts at the top of the catchment (A. Pawsey,
personal communication, 2017). The initial planning preparation included contour mapping
to determine the number of terraces that would be required to deliver sufficient flow at a non13

erosive rate (figure 6) (A. Pawsey, personal communication, 2017). The original design was
one retention pond with two overflow banks downstream, the large retention pond would
have four areas of deeper water (figure 7).

Figure 6. Early sketch of the wetland design showing contour lines with location of three
banks source: Andrew Pawsey, 2017.

Figure 7. Sketch of original design showing approximate deep water locations in the main
retention pond. source: Andrew Pawsey, 2017.
The landscape architects final sketch shows the change in design from one retention pond
with four areas of deeper water to four separate ponds. The overflow banks downstream have
been removed and between the first and third pond a rock wall acts as a secondary overflow
(figure 8). A site model provides a clear ground level view of the contours above and
between ponds (figure 9).
14

Figure 8: Final design sketch with multiple ponds arrows show the direction of water
movement (source: Andrew Pawsey, 2017).

Figure 9. Site model of ponds with contours (source: Andrew Pawsey).
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4.2.2 Construction
Figure 10 shows the grassed area before construction, the extent of the setaria grass shows the
borders of the wetland. The start of construction was postponed because of heavy rainfall.
Instead of digging each deep pond separately as initially planned, the excavator constructed
the landscape by means of a “cut and fill” exercise; first carving out the land at a more even
depth and then redistributing the soil to create the ponds at different depths according to the
design (figure 11 and figure 12) (A. Pawsey, personal communication, 2017).
Andrew worked with the excavator to determine the positioning of the spillways so that they
were not opposite each other (A. Pawsey, personal communication, 2017). This positioning is
important because in a flood event water will flow over the spillway and then hit the pond
wall where it will lose energy, if the spillways were directly opposite each other water would
flow directly out and would not be slowed down (A. Pawsey, personal communications,
2017). One of the spillways was not positioned exactly as planned but this was not critical to
the design (A. Pawsey, personal communications, 2017). Construction was stopped because
of heavy rainfall and continued a few days later once sediment had dried (figures 11 & 12).

Figure 10. The grassed area before construction.
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Figure 11. Banks beginning to take shape, excavation was halted at this point because of
rainfall.

Figure 12. Completed ponds before planting

4.2.3 Planting
Table 2 shows the species planted and there location in the wetland, they were planted in bare
soil and then mulched to provide structure, protection and moisture control (figure 13 and
figure 14). Carex leporina and Carex fascicularis will be planted on the spillways at a later
date.
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Table 2. Species planted and location in wetland (source: Mark Dunphy, Firewheel Nursery
2017).
Species
Acmena smithii minor

Location
High banks

Baumea rubignosa
Carex facicularis
Ficinia nodosa

Water’s edge
In moving water spillways
Water’s edge

Gahnia clarkia

Water’s edge

Lomandra hystrix

Banks

Melaleuca quinquinervia
M. bracteata

Wet banks
Wet banks

M. stypheloides
M. alternifolia

Wet banks
Wet banks

Schoenoplectus validus

Water’s edge

Lepironia articulata

In water (lower pond)

Waterhousia floribunda

Banks

Figure 13. Planting in Bare soil on the
banks

Figure 14. Mulch was spread on banks after
planting
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4.3 Water Quality
4.3.1 Laboratory results
A summary of the water quality results from EAL analysis can be found in table x. Results
are compared to the ANZECC (2000a) trigger values for a slightly too moderately disturbed
freshwater aquatic ecosystem in upland south-eastern NSW. Both sites exceeded the trigger
value for total phosphorous, total nitrogen and ammonia on both occasions (table 3). Nitrate
exceeded the trigger values for both sites in the November testing and site 1 in January.

Table. 3 EAL results compared to ANZECC trigger values for upland aquatic ecosystem.
Parameter

Site 1

Site 2

Site 1

Site 2

ANZECC
Trigger

13/11/17

13/11/17

3/1/18

3/1/18

pH

6.88

6.76

6.77

6.85

Conductivity (EC)
(dS/m)

0.133

0.151

0.190

0.171

Total Dissolved Salts
(mg/L)

90

103

129

116

Total Suspended
Solids (mg/L)

41

27

14

16

Total Phosphorous
(mg/L P)

0.21

0.19

0.20

0.17

Phosphate (mg/L P)

0.021

0.059

0.047

0.014

Total Nitrogen (mg/L
N)

0.40

0.45

0.67

0.68

Total Kjeldahl
Nitrogen (mg/L N)

0.38

0.43

0.65

0.67

Nitrate (mg/L N)

0.017

0.023

0.023

0.008

0.015

Nitrite (mg/L N)

0.005

<0.005

0.004

0.005

0.015

Ammonia (mg/L N)

0.092

0.032

0.273

0.328

0.013

6.5-7.5

0.02

0.25
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4.3.2 In-situ results
The in situ results are presented in table 4 and table 5. DO results were the same for both sites
in November and January except for the high reading found at site 1 in November, as shown
in table x. PH results showed little differences between sites on both sampling dates although
the January samples showed higher pH levels at both sites (tables 4 & 5). The lowest EC
level was found at site 2 in November and the highest EC reading was found at site 1 in
January.
Table 4. In situ physico-chemical results 13.11.2017.
Parameter 1

2

DO
(ppml)

28

8

pH

6.05

6.01

EC (dS/m)

0.129

0.119

Table 5. In situ physico-chemical results 03.01.2018.
Parameter 1

2

DO
(ppml)

8

8

pH

6.41

6.42

EC (dS/m)

0.185

0.151

4.3.3 Macroinvertebrates
The total number of taxa collected in November was 30 (tables 6 & 7) and the total number
of taxa collected in January was 64 (tables 8 & 9). On both sampling dates there was a more
diverse range of species found in site 1 compared to site 2, with nine different species at site
1 and four at site 2 in November
10 different species at site 1 compared to five at site 2 in January. There was a slightly greater
number of different species collected in January compared to the November at both sites. A
sensitivity grade introduced by Chessman (2003) was determined for families where possible,
then suborders and orders were used respectively. Some taxa where unable to be identified.
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Table 6. Site 1 macroinvertebrates species 13.11.2017.
Common
Name

Phylum

Class

Order

Sub Order

Family

Sensitivity No. of
grade
Taxa

Fresh
water
shrimp

Arthropoda

Malacostraca

Amphipoda Senticaudata Gammaridae

3

2

Earth
Worm

Annelida

Oligochaeta

Clitellata

2

1

Segmente
d worm

Annelida

Oligochaeta

Clitellata

2

1

Blackfly
larvae

Arthropoda

Insecta

Diptera

Nematocera Simuliidae

5

5

Scorpion
fly larvae

Arthropoda

Insecta

Mecoptera

-

9

4

Caddisfly
larvae

Arthropoda

Insecta

Trichoptera Annulipalpi Philopotamidae
a

8

1

Marsh
beetle

Arthropoda

Insecta

Coleoptera Polyphaga

6

1

Backswi
mmer

Arthropoda

Insecta

Hemiptera

Heteroptera Notonectidae

1

3

Moth fly
larvae

Arthropoda

Insecta

Diptera

Nematocera Psychodidae

3

4

Lumbricina Acanthodrilidae

Nannochoristida
e

Scirtidae

Total

22

Table 7. Site 2 macroinvertebrates species 13.11.2017.
Common
Name

Phylum

Class

Order

Sub Order Family

Freshwater
snail
Moth fly
larvae

Mollusca

Gastropoda

Hygrophila -

Arthropoda

Diptera

Insecta

Water
boatman

Arthropoda

Insecta

Hemiptera Heteroptera Corixidae

Sensitivity No.
of
Grade
Taxa

Planorbidae

2

1

Nematocera Psychodidae

3

3

2

1

Unidentified

3
Total

8
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Table 8. Site 1 macroinvertebrates species 03.01.2018.
Common
Name

Phylum

Class

Order

Sub Order

Dragonfly
larvae

Arthropoda

Insecta

Odonata

Epiproctophora

Freshwater
snail

Mollusca

Gastropoda

Hygrophila -

Diving
Beetle

Arthropoda

Insecta

Coleoptera Dytiscidae

Arthropoda

Insecta

Hemiptera

Heteroptera

Arthropoda

Insecta

Odonata

Zygoptera

Crawling
water
beetle

Arthropoda

Insecta

Coleoptera Adephaga

waterboat
man

Arthropoda

Insecta

Hemiptera

Caddisfly

Arthropoda

Insecta

Caddisfly

Arthropoda

Insecta

Family

Sensitivy
Grade

No.
of
Taxa

3

5

2

2

5

6

1

1

3

2

Haliplidae

2

1

Corixidae

2

4

Trichoptera Integripalpia

Leptocerida
e

6

4

Trichoptera Annulipalpia

Ecnomidae

4

5

Heteroptera

Planorbidae

Notonectid
ae

Unidentifie
d

3
Total

34
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Table 9. Site 2 macroinvertebrates species 03.01.2018
Common
Name

Phylum

Class

Order

Freshwater
snail

Mollusca

Hygrophila

Gastropoda -

Diving
Beetle

Arthropoda

Insecta

Coleoptera Dytiscidae

Mosquito
Larvae

Arthropoda

Insecta

Diptera

Stick Caddis

Arthropoda

Insecta

Trichoptera Integripalpia Leptoceridae

Unidentified

Sub Order

Nematocera

Family
Planorbidae

Culicidae

Sensitivity
Grade

No. of
Taxa

1

7

5

5

1

10

6

1

7
30
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Figure 15 and 16 show the incidence of pollution sensitive/tolerant taxa at the two sample
sites for the November and January samples. The November sample of site 1 contained taxa
from all tolerance categories and showed the only occurrences of highly sensitive taxa, whilst
the November sample of site 2 contained only taxa from the tolerant and highly tolerant
categories (Figure 15). The January samples of site 1 showed no taxa from the highly
sensitive category but had the highest occurrence of taxa from the sensitive category. The
January sample of site 2 contained some taxa from the sensitive category but was mostly
dominated by taxa from the highly tolerant category.

Figure 15. The occurrence of pollution sensitive/tolerant families at both sample sites taken
November 2017 (Highly sensitive taxa have sensitivities of 10 – 8, sensitive 7 -5, tolerant 4 –
3 and highly tolerant 2 – 1).

Figure 16. The occurrence of pollution sensitive/tolerant families at both sample sites taken
January 2018 (Highly sensitive taxa have sensitivities of 10 – 8, sensitive 7 -5, tolerant 4 – 3
and highly tolerant 2 – 1).
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5. Discussion
5.1 Expected impacts
The main impacts of the wetland as expected by the interested parties are to provide habitat
and increase biodiversity, conserve soil and mitigate erosion, improve the health of the
catchment and serve as a model for other landholders and environmental organisations. The
literature on these topics suggests that these impacts are likely to occur.

5.1.1 Increasing biodiversity
Biodiversity in constructed wetlands is often a secondary consideration to their functioning
with their main role being to filter nutrients (Kadlec & Wallace, 2009). A study by Hsu et al.
(2011) found that wetlands designed to treat wastewater were able to support several species
of wildlife with the richness abundance and diversity being positively influenced by an
increase in wetland surface area and macrophyte abundance. They also found that increases
in phosphorous concentrations could decrease diversity of fish species (Hsu et al., 2011). If
there is an abundance of macrophytes and the surface area is not significantly decreased the
wetland at Figtree Farm will likely meet the expectation that it will increase biodiversity on
the property (Hsu et al., 2011).

5.1.2 Conserving soil and mitigating erosion
Constructed wetlands can be used as a final buffer before sediment runoff reaches receiving
waterways (Braskerud, 2001). A study by Braskerud (2001) showed that constructed
wetlands in agricultural land achieved up to 80% sediment retention five years after
construction. The study also showed there was a correlation between macrophyte growth and
sediment holding capacity in the first five years, but after the macrophyte population was
well established hydraulic loads and sediment loads were more important (Braskerud, 2001).
The placement of the wetland at Figtree farm allows for effective buffering before receiving
waters and it is likely that the sediment capture capacity will increase in its early life as
macrophyte populations establish (Braskerud, 2001).

5.1.3 Improving the health of the catchment
The sediment retention capabilities of constructed wetlands can be effective in reducing
diffuse pollution into receiving waterways and therefore improve the health of a catchment
(Jansson, et al. 1994). Soil particles can affix to surface reactive pollutants such as nitrogen
and phosphorous that are potentially damaging to aquatic ecosystems (Jansson, et al. 1994).
Therefore if the wetland at Figtree farm is able to effectively buffer water and retain sediment
it will reduce pollution and improve the water quality downstream, improving the health of
the catchment (Jansson, et al. 1994).

5.1.4 Serving as a model for other landholders and environmental
organisations
If the environmental impacts expected do occur, it is likely that the wetland constructed at
Figtree farm will serve as a model for other landholders and environmental organisations.
The occurrence of all the expected impacts would make this project a successful example of
the Best Management Practice (BMP) for erosion control for macadamia orchards and may
be used as a demonstration site by Landcare.
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5.2 Planning Construction and Planting
5.2.1 Planning
The architect’s design aimed to control water in a flood period and to disperse energy in a
major rain event (A. Pawsey, personal communications, 2017). His expectation was that the
design would replicate a river delta where the water is able to move through numerous
channels (the set of ponds) in a heavy rainfall period (A. Pawsey, personal communications,
2017). According to his design objectives, the ponds will disperse energy, allowing all the
sediment to drop out of the water and be held on the farm, rather than being washed into
receiving creeks (A. Pawsey, personal communications, 2017).
This new design involving a chain of ponds was an improvement over the original design
with one pond, as the new design disperses water through all of them (A. Pawsey, personal
communications, 2017). The landowner also wanted a high level of plant cover in the water
in order to reduce evaporation and as plants on the edge of water can’t grow in the middle
where water is over 1.2 metres, this design was appropriate (A. Pawsey, personal
communications, 2017). This chain system effectively slows down and holds water,
connecting to the groundwater system below, a method consistent with NSF (A. Pawsey,
personal communications, 2017, Andrews, 2016).

5.2.2 Construction
The design of the wetland evolved throughout the construction process depending on
mechanical limitations and practical requirements. The landscape architect and excavator
changed the plan to dig deep separate ponds individually into a cut and fill exercise because
they realised that the height of the drop between ponds was too great to be excavated in that
way. The method of carving out the whole area and redistributing the soil to construct the
ponds proved to be the most practical method of constructing the wetland. The construction
date was postponed and once it began had to be stopped due to heavy rainfall. In order to
receive funding as part of the Healthy Catchments project, the construction needed to take
place in this timeframe (Boyd, P. Personal communications, 2017). However future projects
in the region would may find it more practical to build the wetland during the winter when
rainfall is relatively low.

5.2.3 Planting
All the plants were obtained from a local nursery and all the species chosen were native and
this choice was appropriate according to literature relating to plant selection and acquisition
for the purpose of constructed wetlands (Davis, 1995). A guide for creating constructed
wetlands by Davis (1995) suggests that the most ecologically appropriate way to acquire
plants is to obtain them from locally grown nurseries. The guide also suggests that native
plants are best as they are likely adapted to the soils, climate and surrounding flora and fauna,
meaning they are likely to grow well and survive (Davis, 1995).
The plants were positioned in a way that would allow them survive and maximise their
effectiveness in contributing to the successful functioning of the wetland. The high banks
were reserved for Acmena smithii minor, a frost and drought tolerant tree that fruits in winter
and has the potential to attract a range of native fauna such as parrots, possums and flying
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foxes and can serve as an important habitat for native moths (Floyd, 1989, Hoare & van
Nieukerken, 2013).This placement was appropriate as it ensures that the Acmena smithii
minor will not be inundated, maximising its ability to survive, attract fauna and provide
habitat (Floyd, 1989, Hoare & van Nieukerken., 2013).
The banks were chosen as the planting site for two species; a perennial rush useful for runoff
management (Lomandra hystrix) and a medium sized tree with a natural habitat is along
stream banks in north eastern NSW (Waterhousia floribunda) (Winfrey, et al., 2017, Floyd,
1989). Both of these species occur along stream banks so their positioning is appropriate for
their survival and the Lomandra hystrix will be able to help control runoff during high
rainfall events (Floyd, 1989, Winfrey, et al., 2017). The wet banks were chosen as the habitat
for four species of melealuca, an attractive source of food for a range of nectarivorous
insects, birds and mammals (Brophy et al., 2013). All four of the melaleuca species occur
naturally in wet areas near streams and could potentially serve as a source of food for
nectarivorous fauna (Brophy et al., 2013). Carex facicularis was chosen for the moving water
spillways, which literature related to the effectiveness of plant types for use in constructed
wetlands suggests it is an appropriate choice. A study by Browning et al. (2003), found that,
Carex facicularis was the most appropriate for use in subsurface flow constructed wetlands,
with the fastest growth following cropping and the highest nutrient storage out of the four
native macrophytes tested.
Four species of emergent macrophytes were selected for planting at the water’s edge and a
submergent macrophyte species was planted under the water. Whilst the specific individual
benefits for each species planted in these areas are not clearly demonstrated in the literature,
the collective impact of macrophytes in the success of constructed wetlands has been
demonstrated (Hsu et al. 2010). The selection of particular species is of secondary importance
compared to the need to establish areas of dense vegetation (Davis, 1995).

5.3 Water Quality
5.3.1 Nutrient Excess
Both sites exceeded the trigger value for total phosphorous and total nitrogen on both
occasions. It is likely that the high levels of these nutrients found in the water was sourced
from the surrounding soil via runoff during periods of rainfall (USGS, 2016a). Ferrosols have
a high capacity for P fixation, meaning they are naturally high in phosphorus (Cotching,
2015). The ‘fixed’ phosphorus found in ferrosols is unavailable for plants, so high
concentrations of phosphorus fertilizer may have been used, further increasing the amount of
phosphorus in the soil (Cotching, 2015). Nitrogen in the forms of ammonia and nitrate
naturally occur in soil systems and common agricultural factors such as the application of
fertilizers, animal manures and the breakdown of organic matter may have caused high levels
of these nutrients to be present in the soil (Lamb, et al, 2014). Nitrate is can also be produced
in water through nitrification, a process whereby bacteria converts nitrogen in the form of
ammonia to nitrate (Baird et al, 2012).
Phosphorus functions as a controlling nutrient for algal growth and excess phosphorous when
combined with high levels of Nitrogen can cause excess algal growth, leading to
eutrophication, which can cause dissolved oxygen levels to deplete and affect biodiversity
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(Baird et al, 2012). High levels of ammonia can also kill aquatic organisms as it can build up
in their blood and internal tissues if they are unable to sufficiently excrete it (EPA, 2017).

5.3.2 pH and Dissolved Oxygen
The pH levels from the laboratory results were within the pH range advised in the ANZECC
(2000a) guidelines whilst the in situ results showed levels outside this range. These
conflicting results make conclusions difficult and point to a need for more detailed sampling.
As the temperature of water increases more hydrogen ions form, lowering the pH (Baird et al,
2012). EAL measured the pH at 4 ° C, which is unlikely to be representative of in situ water
temperature. A higher on site temperature would explain the lower readings recorded in situ,
however this cannot be confirmed because temperature was not recorded.
Runoff from the soil may be affecting the pH of the water as Ferrosols are naturally acidic
and can suffer from acidification as a result of nitrogen drainage (Gray & Murphy, 2002).
Further analysis could also be done to take into account fluctuations that occur in pH levels
throughout the diurnal cycle (ANZECC, 2000b). pH levels are lowest when the sun is down
and photosynthesis is not occurring, as this allows carbon dioxide and carbonate to
accumulate (Baird et al, 2012). It is possible that the pH level may have reached a point lower
than what was observed in the lab, although further analysis would be required to verify this.
Dissolved oxygen (DO) results were the same for all sites in November and January except
for the high reading found at site 1 in November. The high reading found at site 1 in
November was likely due to experimental error. DO readings are usually around 10ppm, and
so these results appear relatively unremarkable although a more thorough analysis of DO
could prove useful as DO can fluctuate due to environmental factors such as temperature and
pH (Baird et al, 2012). Australian Guidelines for water quality monitoring and reporting by
ANZECC suggests that DO should be measured before sunrise to obtain the diurnal
minimum, as factors affecting DO such as pH fluctuate diurnally (ANZECC, 2000b).

5.4 Macroinvertebrates
One factor which may have contributed to the increase in abundance and diversity at both
sites from the November 2017 sample to the January 2018 sample is the new habitats that
were created by the construction of the wetland. Some macroinvertebrates thrive under fast
flowing (lotic) environments whilst others are more adapted to slow moving or still (lentic)
habitats, so the introduction of lentic habitats may have attracted and aided in the success of
species that would not have been able to survive prior to construction (Gooderham & Tsyrlin,
2002). The results indicate that this is true in the case of the diving beetle, crawling beetle,
mosquito larvae and dragonfly larvae, all of which are species adapted to lentic environments
that were not present in the November 2017 samples but were present in considerable
numbers in the January 2018 sample (Gooderham & Tsyrlin, 2002).
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The greater abundance, diversity and incidence of highly sensitive and sensitive
macroinvertebrates on both sampling dates at site 1 may indicate healthier water conditions
than site 2 before and after construction as these species are less tolerant to pollution. The
only correlating factors found in the water quality data were the levels of total nitrogen and
total phosphorus, however a study by Cortelezzi et al. (2015) found that nutrient enrichment
had a negligible effect on macroinvertebrates and suggested that this may be due to their
evolutionary history in streams enriched with high levels of nutrients.
The addition of sensitive macroinvertebrates to site 2 may indicate an improvement in the
health of the water, although the site still appears to be dominated by highly tolerant taxa.
The disappearance of the highly sensitive taxa at site 1 may be due to the disturbance caused
by the construction of the wetland. The inconclusive nature of these results is because a
considerable number of taxa were unable to be identified.

6. Conclusion
This report describes a small scale, community based wetland project; an understanding of
the interested parties’ expectations, a description of the early developmental stages and a
baseline assessment of water quality.
The primary aims of the interested parties were increased biodiversity, soil conservation and
erosion mitigation. Literature in relation to the potential effects of constructed wetlands
suggest that these primary expectations are likely, with the sufficient presence of
macrophytes being a critical factor. The expected secondary impacts of improving the wider
health of the catchment and serving as a model for other landholders and environmental
organisations are also possible if the primary expectations are met.
Documenting the development process highlighted some key conclusions. A chain of ponds
allows for slower water distribution and allows emergent macrophytes to be planted between
ponds. Construction by ‘cut and fill’ allows for successful construction with minimal strain
on mechanical limitations. The careful selection and positioning native flora appears to be
consistent with literature, although only time will determine their success. Similar projects in
the region may be smoother if construction is carried out over winter.
Physiochemical assessment of water showed that the water is experiencing some degradation
issues that are likely due to soil runoff. Excess nutrients such as phosphorous, nitrate and
ammonia may pose a threat to sensitive biota and point to the need for these kinds of projects.
More investigation should be done in regards to pH and dissolved oxygen levels.
Macroinvertebrate sampling revealed some important insights. Constructing a wetland creates
lentic habitat which allows for new species that are adapted to this environment to thrive.
Macroinvertebrate results may indicate better water quality upstream than downstream,
although the physiochemical results show little correlation with the macroinvertebrate data
and relevant literature suggests that the correlation that does exist is unlikely to be related to
the macroinvertebrate data. More investigation could be done into macroinvertebrate
populations in the area as a number of species were unable to be identified.
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This project documents the development of a relatively new management tool and gives a
general indication of the current health of the water. Time will determine the continued health
of the wetland and the informational resources provided by this project may be analysed in
hindsight upon reflection of the wetlands success and in comparison to its future water
quality. This report may also be useful for the planning and construction of similar wetlands
for BMP in agricultural land.
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