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Abstract 

Farm dams in Tasmania are the most strictly regulated in Australia. Dam construction 

needs a permit if the capacity is over one megalitre or on stream. In 2015, there were 

9,404 registered dams in the State, including both hydro and non-hydro dams. However, 

the exact number of existing dams is not clear, as dams are constructed without 

registration and many do not require registration. The potential effects of physical, 

chemical and biological attributes of dams on biodiversity has been rarely investigated 

in Australia.  

The present study determines the attributes of dams that make them useful for the 

conservation of biodiversity at the regional and local scale. Its objectives were to 

determine: the accuracy of imagery segmentation algorithms in dam identification on 

both satellite imagery and aerial photographs; the effects of water quality, water source, 

dam types, and physical attributes on the biodiversity of farm dams; and the attributes 

of dams that promote nature conservation values.  

The distribution and physical attributes of farm dams in the case study area were 

identified on Google Earth Pro satellite imagery dated 20 June 2015. The development 

history of farm dams in the area from 1969 to 2015 was mapped from historical aerial 

photographs and historical satellite imagery from Google Earth Pro. The potential 

impacts of these farm dams on local stream flow and evaporation were estimated based 

on historical climate data from Bureau of Meteorology, including rainfall data from 

1969 to 2015, evaporation data from 1986 to 2015 and water flow data from 1971 to 

2015.  

The Mean Shift Algorithm, Watershed Algorithm and Morphological Profiles Based 

Segmentation Algorithm from Orfeo ToolBox in the QGIS were applied to imagery of 

the study area. These algorithms were used to evaluate their accuracy in dam 

identification on both PlanetScope satellite imagery (3m resolution, dated at 17 July 

2016 and 26 September 2016) and aerial photographs (0.1m resolution, dated at 4 April 

2016).  
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Surveys were conducted on 104 random selected farm dams in south-eastern Tasmania, 

within the NRM South region. Physical data, some chemical data and species data were 

collected in the field. Water samples and species samples were collected for lab 

assessment. Global non-metric multidimensional scaling was performed to ordinate 

species composition data in four dimensions using the default option in DECODA. 

Agglomerative classification in Minitab 18 was used to perform cluster analysis for all 

species. Multiple-regression analyses between species richness variables and other 

variables were also conducted in Minitab 18.  

Weighted endemism and corrected weighted endemism were used to estimate the 

species richness and distribution of locally rare species in the surveyed farm dams. 

Multiple-regressions between endemism scores and environmental variables were 

conducted to determine variables that effect locally rare species in the dams. Species 

rarity and endemism at State level were also analysed based on farm dam species data 

and species occurrence data from the Natural Values Atlas of Tasmania. The effect of 

environmental variables on these species were analysed.  

Aside from the 22 registered dams in the Orielton Rivulet sub-catchment, another 239 

non-registered dams were identified. Non-registered dams have small surface area, 

were small vegetation coverage in surrounding area, constructed off stream, over ten 

years old and with clear seasonality. The increased dam surface area had a negative 

impact to local stream flow. The predicted daily evaporation of dam water accounted 

for almost 200% of daily stream flow.  

All the three algorithms had very low accuracy in identifying dams from PlanetScope 

satellite imagery. The Watershed segmentation algorithm had better results than the 

other two algorithms but could only identify a limited number of dams. Results from 

aerial photographs were more accurate than satellite imagery with all three algorithms, 

but over-segmentation issues still existed in the final segments. While spatial resolution 

of imagery influences the accuracy of dam identification, biophysical variables and 

surrounding landscapes also significantly affected the result.  

Conductivity, turbidity and sodium were correlated with non-native plant species and 

native plant species richness, while phosphorous related to total plant species richness 
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and invertebrate species richness. Conductivity was negatively related to frog species 

richness. Dissolved oxygen and nitrogen affected the distribution of locally rare frog 

species, such as Litoria ewingii. Composition of all species was significantly affected 

by conductivity, dissolved oxygen and sodium. Conductivity and sodium also 

correlated with plant species composition.  

Few relationships were found between water source types of dams and species richness 

and composition. Total species composition was impacted by spring feed dams. Dams 

that depended on water from other dams had negative effects on the presence of 

rare/endemic plant species and positive effects on non-native plant species richness.  

Dams that were designed for stock water supply, domestic use and crop/irrigation 

related to native plant species and non-native plant species richness. Firefighting, 

recreational and stock dams were related to plant species composition. Presence of 

rare/endemic plant species was affected by stock and domestic use dams.  

Bank height, age and altitude were correlated with plant species, invertebrate species 

and total species composition. Both seasonality and slope were related to plant species 

composition. Water depth related to invertebrate species and total species composition. 

Frog species richness was affected by depth and bank height. Depth also impacted the 

overall species richness. There was no relationship between physical attributes and the 

presence of rare/endemic species, but seasonality, dam size, and slope affected the 

distribution of State scale regionally rare plant species. Seasonality, dam size and depth 

were related to native plant and non-native plant species richness.  

Permanent dams that were designed for domestic use with surface areas over 1000 m2 

and clean water are more likely to have higher plant species richness and native plant 

species richness. If these dams do not depend on water from other dams, they have a 

higher chance to have rare or endemic plant species. Dams with deeper water, low 

banks and low conductivity may have more frog species than other dams. When the 

water in these dams has lower level of nitrogen, regionally rare frog species are more 

likely to be observed. It is therefore possible to design dams that can provide essential 

habitat for many species and significantly contribute to local biodiversity conservation. 
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Chapter 1: Introduction 

1.1 Farm dams 

Farm dams, defined as small on or off-stream water storages, play an important role in 

Australian agriculture (National Water Commission 2005; Nathan & Lowe 2012). They 

can range from less than one megalitres (ML) to hundreds of ML. Farm dams provide 

essential water supplies for stock, domestic consumption, and irrigation (Timms, 1980). 

Dams are also constructed for aquaculture, recreational and aesthetic purposes, 

sediment capture, firefighting and other purposes (Water Information System of 

Tasmania (WIST 2015a). Modification of the environment may cause habitat loss or 

fragmentation (Marsh & Pearman 1997; Lindenmayer et al. 1999). However, modified 

environments also have the potential to provide habitat for native species (Timms 1980; 

Casanova et al. 1997). An example of this habitat provision is farm dams in an 

agricultural landscape. Globally, farm dams support much biodiversity, including rare 

and threatened species and regionally endemic species.  

1.2 Farm dams in Tasmania 

Under the requirement of the Water Management Act 1999, any dams with capacity 

over one ML or constructed on stream need to be registered in Tasmania. This is the 

strictest regulation of farm dams in Australia (Barker 2011). The dam management 

committees of New South Wales (NSW), Queensland (QLD), Victoria (VIC) and the 

Australian Capital Territory (ACT) target dams of medium to high significance and/or 

medium to high consequence. Dam construction in South Australia (SA), Western 

Australia (WA) and Northern Territory (NT) is self-regulated with no statutory 

provisions in place (Pisaniello, Burritt & Tingey-Holyoak 2011; Barker 2011). 

All registered farm dams in Tasmania are recorded in the Water Information System of 

Tasmania. Information on dam status, original permit client, property ID, purpose, 

approval date, stream, capacity, wall height, easting and northing are listed in the 

system. WIST recorded 9,404 dams, with a total capacity of over 33 million ML in 

2015. This number contains both hydro and non-hydro dams. There are 9,331 non-

hydro dams, which constitute over 99% of the total number, but have only about 3% 

(about 0.9 Million ML) of total capacity.  
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There are 7,304 non-hydro dams, with a total capacity of about 0.6 million ML (WIST 

2015a). A large number of dams in the database were proposed (1423) or not built (419). 

The categories superceded, decommissioned, failed, expired and deleted were also used. 

There were 21 failed dams in the State, with total capacity of over 2000 ML. The 

number of superceded dams was 116, with total capacity of about 20,000 ML.  

 

Most non-hydro dams were concentrated along the north and east coasts of Tasmania. 

Along the north coast, from the Duck catchment in the northwest to Rubicon Catchment 

in the north, there is a density of over 40 dams per 100 km2. Each of the Blythe and 

Ingils catchments were over 100 per 100 km2. On the east coast, dam density was 

highest in the Derwent Estuary – Bruny catchment, Jordan catchment, Pittwater – Coal 

catchment and the Tasman catchment. Density in the four catchments was over 15 per 

100 km2.  

 

1.3 Spatial analysis of farm dams  
 

Various imagery and data sources are available used for farm dam mapping, including 

satellite imagery, aerial photography and topographical maps. LANDSAT and SPOT 

imagery is not suitable for detecting small water bodies or wetland change (Johnston & 

Barson 1993; Young & Dahl 1994; Good & McMurray 1997; Neal et al. 2002; Cui, va 

Paddendury & Zhang 2005). Some information on water bodies can be obtained from 

1:25,000 topographical map, which include farm dams. However, the varying accuracy 

and age of the maps presents problems. The number of dams identifiable from 

topographical maps is far less than that from those identifiable from aerial photography 

(Lowe, Nathan & Morden 2005).  

 

Aerial photography is one of the most widely used source of data on the spatial 

distribution of farm dams (McMurray 2003; Lowe, Nathan & Morden 2005; Shaikh, 

Whyte & Pobre 2011; Byrnes 2016). Aerial photography can be cheaper than high-

resolution satellite imagery (Dare, Fraser & Duthie 2002; Lowe, Nathan & Morden 

2005).  
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Other than the three above imagery sources, some other types of imagery are also used 

for dam mapping. Light Detection And Ranging (LiDAR) imagery is based on the 

measurement of vertical distance with a laser light beam. It allows the development of 

a digital elevation model with spatial resolution up to 1 m (Lowe, Nathan & Morden 

2005; SKM, 2011). With LiDAR imagery, both dam location and capacity can be 

estimated.  

 

Object-based classification considers the object as the unit, defined by its texture, size, 

shape and neighboring pixels (Hurd et al. 2006). With classification techniques, such 

as fuzzy logic, pixels that are similar to neighboring pixels are merged. The process is 

repeated until segmentation is completed (Zhang & Maxwell 2006; Geoscience 

Australia 2008; Roohi & Webb 2012).  

 

1.4 Biodiversity of dams 
 

Farm dams have been sampled for many types of organisms (Samways 1989; Casanova 

et al. 1997; Hazell et al. 2001; Céréghino et al. 2008b; Williams, Whitfield & Bigges, 

2008; Gioria et al. 2010; Burgin & Betts 2012). Farm ponds with good water quality 

have a higher abundance of macrophytes than other ponds (Casanova et al. 1997; Usio 

et al. 2017). This high abundance could stabilise sediment in the ponds and provide 

habitat for zooplankton and invertebrates (Crawford 1977; Timms & Moss 1984). 

Ponds also support a larger mean macroinvertebrate diversity and total diversity per site 

than other freshwater habitats (Williams et al. 2004; Biggs et al, 2005; Brainwood & 

Burgin 2006, 2009; Davies et al. 2008). Williams, Whitfield and Bigges (2008) found 

165 species of macroinvertebrate from about 40 new ponds in 7 years of monitoring in 

the UK, which accounting for approximately 20% of all UK species. Species 

composition is consistent between seasons, while varying between dams (Brainwood 

& Burgin 2006; Gioria et al. 2010; Hassall, Hollinshead & Hull 2011). Alpine ponds 

have lower species richness of macroinvertebrate than lowland ponds (Samway 1989; 

Oertli et al. 2002). Invertebrate assemblages in farm ponds, especially abandoned ponds, 

can contribute significantly to local freshwater biodiversity (Céréghino et al. 2008b).  

 

In an Irish agricultural landscape, 76 species were identified from 54 ponds, 

constituting over 30% of Irish water beetle species (Gioria et al. 2010). Farm dams play 
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a significant role in maintaining overall populations of many dragonfly species 

(Samways 1989). In the 601-900 m zone, all dragonfly species recorded from this 

altitude were observed on farm dams. Hence, dams in middle altitude regions in Ireland 

are likely to be important for conservation of dragonfly populations. The rarest 

dragonfly species were found in protected areas, ponds and small marshes at middle 

altitudes in South Africa (Pryke, Samways & De Saedeleer 2015). Eastern Long-necked 

Turtles (Chelodina longicollis Shaw) (Burgin & Betts 2012) and frog species (Hazell 

et al. 2001) have also been found in farm dams. The 2010/11 national frog survey in 

Ireland also showed that farm ponds and bog pools generally have higher frog densities 

than other water bodies (Reid et al. 2013).  

 

Ponds have a higher mean species richness than streams and ditches, which is just 

slightly less than rivers (Williams et al. 2004). Standalone ponds play an important 

conservation role in providing habitat for biodiversity (Deacon, Samways & Pryke 

2018; Fu et al. 2018; Monberg et al. 2018; Lindenmayer 2019). Wetland plants rapidly 

colonize new ponds. A study in the UK found that up to 34 species colonised new ponds 

within 6 months (Williams, Whitfield & Biggs 2008). In a 7-year monitoring process, 

recorded wetland plants represent about 20% of all UK wetland plant species. The 2007 

national pond survey of the UK found 205 species from 269 ponds, which accounts for 

approximately half of the total number of wetland plants in the nation (Williams et al. 

2010). Ponds can also role as potential refuge for endangered water plant species when 

larger water bodies are impacted by nutrient pollution (Riley et al. 2018).  

 

Farm ponds and surrounding habitat also provide important foraging habitat for bats 

and waterbirds. Surveys in South Africa detected bat activities in and near farm dams 

in a heavily modified landscape (Sirami, Jacobs & Cumming 2013). These artificial 

wetlands are identified as valuable foraging habitat for bats in the region. Waterbirds 

were recorded in farm dams that functioned as breeding habitats and refuges (Froneman 

et al. 2001; Williams, Whitfield & Biggs 2008). Farm dams in a modified and 

transformed landscape provide essential habitat for waterbirds and play an important 

role in bird conservation.  

 

Physical, chemical and biological characteristics of ponds that affect species richness 

and distribution vary by species assemblage and regions. The factors that affect 
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invertebrates in France are different from factors that affect frog distribution in 

Australia. However, there are some common relationships.  

 

Ponds are common habitats in both urban and rural areas (Hill et al. 2017). The 

variability and dynamic landscape of ponds result in locally varied species richness and 

composition (Shochat et al. 2010; Sayer, Andrews & Shiland 2012; Hassall et al. 2012; 

Hassall & Anderson 2015; Hill et al. 2018). Urbanisation can reduce reduced species 

richness in urban streams and ponds (Walsh et al. 2005; Shochat et al. 2010), although 

invertebrates species richness does not differ between urban and non-urban ponds (Hill 

et al. 2017). Unmanaged or abandoned ponds have higher species richness than ponds 

with anthropogenic and agricultural disturbance (Arscott, Jackson & Kratzer 2006; 

Céréghino et al. 2008b; Forhad Ali, Sarder, & Rahman 2018).  

 

Farm ponds classed as pristine water bodies have high water clarity (low turbidity), 

good water quality, high macrophyte abundance, and low phytoplankton abundance 

(Casanova et al. 1997). These ponds generally have high species richness and provide 

good habitat for zooplankton and invertebrates (Timms & Moss 1984). Disturbance and 

high crop cover in the surrounding environments have a strong positive connection with 

turbidity (Delerck et al. 2006). High turbidity enhances the dominance of 

phytoplankton, reduces light, and negatively impacts water quality. Conversely, forest 

near farm ponds tends to be associated with clear water and good water quality. Farm 

dams with a high percentage of the surrounding area with native tree cover also have 

the potential for higher conservation value for frogs (Hazell et al. 2001). Vegetation 

coverage on farmland ponds is positively associated with insect species richness 

(Briggs et al. 2019).  Vegetation cover on water margins and bare ground in riparian 

zones also affects frog distribution in farm dams. Sediment depth, water depth, 

conductivity and chlorophyll-a are strongly linked with invertebrate richness and 

distribution (Brainwood & Burgin 2006; Williams, Whitfield & Biggs, 2008). 

 

Abandoned ponds are found to have richer macroinvertebrate assemblages than other 

ponds, because there are fewer disturbances and they are allowed to remain in a semi-

natural status (Céréghino et al. 2008b). However, there is no clear relationship between 

pond size and species richness (Céréghino et al. 2008b). Permanent ponds have higher 

species richness and more uncommon species than temporary ones (Gioria et al. 2010). 
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Nevertheless, temporary ponds are also important in increasing pond connectivity and 

in providing habitat for species to avoid those predators that are restricted to permanent 

waters. In southern England permanence and seasonality were the main factors that 

linked to assemblage types in ponds (Williams et al. 2004).   

 

The relationships of the age of pond to species richness and composition is still not 

clear. Researchers have various opinions. In the study of Brainwood & Burgin (2006) 

long established dams have the highest species richness, while the study of Williams, 

Whitfield & Biggs (2008) indicates that dams aged between 6-12 years have peak 

biodiversity. The effects of dam size on biotic attributes needs more detailed research. 

In South Africa, farm dams with large surface areas have a higher potential to attract 

water birds (Froneman et al. 2001). On the other hand, assessment of farm dams in 

France revealed that the size of the pond had no clear relationship with species richness 

(Céréghino et al. 2008b). 

 

1.5 Rare and regionally endemic species 
 

Ponds have a higher mean species richness than other freshwater ecosystems and have 

the highest invertebrate and plants species rarity index (SRI) (Williams et al. 2004; 

Biggs et al. 2005; Céréghino et al. 2008a; Céréghino et al. 2008b). Ponds support more 

uncommon species than other types of water bodies. In a survey in southern England, 

14 out of 18 nationally scarce species were found in ponds (Williams et al. 2004). In 

some areas, farm dams support dragonflies that are not found in natural habitats, such 

as riverbeds, woodland streams and open streams (Samways, 1989). Only 18 out of 114 

recorded invertebrate taxa were common to farm ponds and rivers in an agricultural 

area of France (Céréghino et al. 2008b).  

 

Species with national and international conservation status are also recorded in ponds. 

Five plant species with national conservation values were found in the national pond 

survey of the UK in 2007 (Williams et al. 2010). An assessment of farmland ponds in 

Ireland also recorded one nationally rare plant species and another five water beetle 

species were listed by the International Union for Conservation of Nature (IUCN) Red 

List Status (Gioria et al. 2010).  
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Although no research specifically targets regionally endemic species, many studies 

have provided data about them (Winston, Taylor & Pigg 1991; Samways et al. 1996; 

Hill, Keddy & Wisheu 1998; Medley & Havel 2007). Regionally rare species have 

small local population but are geographically widespread (Rabinowitz 1981; McIntyre 

et al. 1993). Determination of regional rarity helps to identify species with regional 

conservation needs (Hercos et al. 2013).  

  

1.6 Research gaps 
 

Farm dams are widespread in Tasmania and registered dams are well recorded in the 

Water Information System of Tasmania (WIST 2015a). However, the number of 

existing dams is not clear, as a large number of dams were established before the 

application of the Water Management Act 1999. Also, new dams with capacity less than 

one ML are not recorded in the State’s database. Hence, these dams were omitted from 

the State’s water management system (DPIPWE 2018). Their cumulative impacts on 

local hydrology and their potential failure risks are not identified. Neither are their 

potential threat or benefit to local environments and species.   

 

Manual mapping of dams is extremely time-consuming and labor intensive. Outside 

Tasmania, GIS tools and imaging software have been used to delineate dams 

automatically. There has no similar dam classification trialed in Tasmania. Most of the 

previous studies have not been able to accurately detect small dams. One study in NSW, 

Australia, identified the farm dam distribution in the Braidwood area, including dams 

of different sizes (Shaikh, Whyte & Pobre 2011). However, this study still required 

semi-manual classification of dams from aerial photos. Images with different spatial 

resolution may lead to varied results in dam classification, but there is no research that 

compares results of dam mapping from different segmentation algorithms on different 

images. 

 

There is a good knowledge of physical, chemical and biological attributes of dams that 

affect plant, invertebrate and frog species richness and composition. Most of the 

previous studies identify relationships between chemical and physical attributes and 

species richness (Oertli et al. 2002; Drakare, Lennon & Hillebrand 2006; Hassall, 

Hollinshead & Hull 2011; Stomp et al. 2011; Quiroz et al. 2015; Dragomir, Dragomir 
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& Murariu 2018). There is no research on the relationships among the physio-chemical 

attributes of dams, or the potential combined impacts of these attributes on species 

richness and composition. Some physical attributes, such as slope, altitude, and bank 

height, have not been included in previous studies. While the effects of stock on dam 

have been studied, there has been no analysis of the effects of dams for other uses, such 

as domestic water provision and firefighting (Bloechl et al. 2010; Santi et al. 2010). 

Moreover, the water source for dams is also not considered in previous studies.  

 

Previous studies have observed rare and threatened species in dams, but limited 

research has been conducted on the relationships between rare species distribution and 

environmental variables (Samways 1989; Williams et al. 2004; Céréghino et al. 2008; 

Gioria et al. 2010; Williams et al. 2010). Most rare species research is focused on 

individual species or taxa, and a limited number of studies have been conducted on 

dams (Arscott, Jackson & Kratzer 2006; Lennon et al. 2011; Brasil et al. 2017; 

Holtmann et al. 2019). There is no research analysing the relationships between 

environmental variables and native and non-native plant species on dams. Most species 

endemism studies are conducted on small scales rather than regional and local scales 

(Crisp et al. 2001; Linder 2001). Hence, effect of regional and local environmental 

variables on regional and local endemic species richness and distribution have not been 

determined.  

 

1.7 Aim and objectives 
 

The primary aim of the present research is to determine the attributes of dams that make 

them useful for the conservation of biodiversity at the regional and local scale. The first 

objective of the present study is to determine the distribution and hydrological influence 

of dams in the Orielton Rivulet sub-catchment, Tasmania. The second objective is to 

determine the usefulness of imagery segmentation algorithms in identifying dams from 

satellite imagery and aerial photograph. The third objective of the present study is to 

determine the effects of water quality and water source on the biodiversity of farm dams, 

including species rarity and endemism. The fourth objective is to determine the effects 

of dam use types. The fifth is to determine effects of other physical attributes of dams 

on the biodiversity of dams, including species rarity and endemism. The results of the 
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analyses that address these objectives are used to indicate dam designs and uses that 

might maximise the achievement of conservation goals.    

 

1.8 Structure of thesis  
 

In the first chapter, dam development history and its potential impact on local streams 

in Orielton Rivulet sub-catchment area is documented. The existing dams in the sub-

catchment are identified from 1969 to 2015. Their potential impact on local stream flow 

and water evaporation are estimated. In the second chapter, imagery segmentation 

algorithms are tested for object-based classification of farm dams in the Orielton 

Rivulet sub-catchment. Both PlanetScope imagery and high spatial resolution aerial 

photographs are used to estimate algorithm accuracy with different parameter values. 

In the following chapter, the response of plant, invertebrate and frog species richness 

and composition to dam environmental variables in southeast Tasmania are analysed. 

In the last substantive chapter, the relationships between rare or regional endemic 

species and environmental variables are analysed. The potential distribution pattern of 

species with regional rarity are estimated, and environmental variables that impact the 

distribution of native and non-native plant species are identified. The final chapter 

discusses the results of the present study, in relationship to its aim and objectives. 

Future application, limitations and future research are also addressed.   
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Chapter 2: Farm dam development in the Orielton Rivulet sub-

catchment from 1969 to 2015  
 

2.1 Introduction  
 

Farm dams, defined as small on or off-stream storages, play an important role in 

Australian agriculture (National Water Commission 2005; Nathan & Lowe 2012). They 

can range from less than one megalitres (ML) to hundreds of ML. Farm dams provide 

essential water supplies for stock, domestic consumption, and irrigation (Timms, 1980). 

Dams are also constructed for aquaculture, recreational and aesthetic purpose, sediment 

capture and firefighting (WIST 2015a).  

 

Before the application of Water Management Act 1999, the Water Act 1957 was the 

statute that applied to water management in Tasmania. According to this act, riparian 

owners had the right to take water for any public purpose from any river or lake. If their 

daily use was planned to be more than 2740 gallons, the user needed to inform the 

Water Commission of the amount. If there was a variation in the water use by more 

than 25%, further notification was required. If a non-riparian owner wished to obtain 

water from a river or lake, a license was required from the Commission and a fee could 

be charged. Penalties could be incurred if the statutes in the Act were violated. There 

were no specifications for dam construction in the Water Act 1957. Hence, dams that 

were constructed before 1999 were established without legal restrictions. Local 

councils may have had management systems for local dams, but there was no specific 

legislative requirement. As a result, dams that were constructed before 1999 were non-

registered dams rather than illegal dams.  

 

Under the of Water Management Act 1999, the Assessment Committee for Dam 

Construction (ACDC) was established as the statutory body that is responsible for 

assessing applications for the construction of dams. All dam construction requires a 

permit, except those off stream dams with a capacity of less than one ML, or those only 

for non-commercial waste storage as defined in the Act. In other words, any on-stream 

dams, dams with capacity over one ML, or commercial use dams require a permit. To 

obtain a dam permit, a minimum $533 fee and a minimum of three-month notice are 

required (DPIPWE 2015). If the Environment Management and Pollution Control Act 
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1994 (EMPCA) and/or Environment Protection and Biodiversity Conservation Act 

1999 (EPBC) are triggered, extra costs for surveys and report and an extra period up to 

two years is required for approval. A water licence is required to take water from a 

waterbody or store water in a dam.  

 

In 2001, a water development plan for Tasmania was developed. The plan was to 

develop an approach to integrate the needs for water of all users, the environment and 

socio-economic goals. Actions in the plan included establishing clear, consistent and 

equitable guidelines and polices for dam construction and improvements in processes 

for assessing applications for dam construction. Later, the Dam Works Legislation 

(Miscellaneous Amendments) 2007 provided a code of practice to regulate dam works 

in the State. The Code aimed to provide guidelines and standards for the protection of 

environment values. Tasmania is believed to have the strictest dam management 

regulation in Australia. Figure 1 shows the basic application process for a new water 

storage development in Tasmania under the Water Management Act 1999 (DPIWE 

2001). 
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Figure 1: Flow chart for decision-making on dam construction (DPIWE 2001) 

 

The Water Management Act 1999 provides the fundamental processes and parameters 

for dam management in Tasmania. With the effective administration of the Act, new 

dam construction has been controlled. The identification and registration of existing 

dams also extends the dam management in the State. This systematic management of 

dams promotes dam safety and may reduce potential environment impacts from dam 

construction and water usage. 

 

Compared with the Tasmania dam management system, other States have a low level 

of regulation. New South Wales (NSW), Queensland (QLD), Victoria (VIC) and the 

Australian Capital Territory (ACT) have their dams regulated by a specific department 

or committee (Barker 2011). Their management systems target dams in medium to high 

significant and/or medium to high consequence categories. Dams with heights or 

capacities that might result in risk to downstream populations are their priority. On the 
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other hand, dams in South Australia (SA), Western Australia (WA) and Northern 

Territory (NT) are self-regulated with no statutory provisions in place (Barker 2011; 

Pisaniello, Burritt & Tingey-Holyoak 2011). For example, SA has at least 30,000 farm 

dams, but there is no ongoing regulation of their design, construction or usage.  

 

The dam regulations in Tasmania have been effectively administered. In 2007, the 

number of registered dams in Tasmania was 7,719 (TPC 2009). The number increased 

to 9,404 in 2015, with a total capacity of over 33 million ML (Figure 2). There are at 

least 500 dams in the significant or higher hazard category.  

 

Dams are concentrated on the North and East coasts. In 2015, the total non-hydro dams 

were 9,331 with total capacity of about 0.9 million ML. The majority of dams were 

built for irrigation, stock and domestic use (8,853 out of 9,331). The Blythe catchment 

has the highest dam density of 123.8 dams per 100 km2. The second highest is the Inglis 

catchment (114.68 dams per 100 km2). They are the only two catchments with dam 

density over 100.  

 

 

Figure 2: Registered dams in Tasmania (S Campbell 2015, pers comm., 20 August) 
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The average annual increase in number between 2007 and 2015 was about 210 dams. 

New dam approval in the State was around 150 per year (TPC 2009). Although many 

dams that were non-registered in 1999 have been registered since then, there may be 

other dams built before 1999 that remain unregistered.  

 

The building of farm dams had significant hydrological impact on agricultural 

landscapes in Australia (Callow & Smettem 2009). Dams in the upper Yass Valley in 

New South Wales increased from 6 in 1959 to over 780 in 1985 and decreased the mean 

annual stream flows by 8% (Srikanthan & Neil 1989). Dam building in a sub-catchment 

of Murray-Darling Basin resulted in a 4-62% stream flow reduction in the region 

(Beavis & Howden 1996). Teoh (2002) reported that there was 3-20% reduction in 

annual adjusted flow caused by the 2,700 farm dams in the Onkaparinga River 

catchment, South Australia, based on the medium flow value for the period 1900-1998. 

With the impact of large dams, reduction of annual flow in U.S. rivers could be up to 

60% (Graf 2006). With the increased water collection from increased number of dams, 

annual flow decreased 2-2.4 ML in Hoddles Creek and Diamond Creek catchments and 

1-1.3 ML in catchment for every ML of water collected by farm dams (SKM 2000; 

Neal et al. 2001). However, farm dams’ potential impact on local stream flow in 

Tasmania has not been studied.  

 

The Orielton Rivulet sub-catchment was selected for the dam development and 

potential impact study. This sub-catchment had long-term historical aerial photographs, 

which would assist the dam development analysis. This sub-catchment was a small area 

with one major stream across the whole area. Non-registered dams could be visually 

identified. The number was higher than that of registered dams in the area. Hence, the 

potential hydrological impact on local stream could be expected to be reflected in the 

stream flow data.   

 

The aim of the present study is to map the reality of dam occurrence in an agricultural 

sub-catchment and the recent history of their development. The research also aims to 

estimate the potential impact of existing dams on local stream flows.  
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2.2 Methods  
 

2.2.1 Study area 

 

The Orielton Rivulet sub-catchment covers 48.6 km2 in southeastern Tasmania. Its 

greatest length from north to south is 13.5 km and from east to west is 7.5 km. The area 

has a maritime-influenced cool temperate climate. The mean daily maximum 

temperature (1959 to 2015 with grid resolution at 0.025°/2.5 km) at the nearby Hobart 

Airport ranges from 22.6 oC in January to 12.5 oC in July and the mean daily minimum 

temperature (1959 to 2015) ranges from 12.1 oC in January and February to 4.1 oC in 

July (BOM 2015). The mean annual rainfall (1969 to 2015 with grid resolution at 

0.025°/2.5 km) at East Orielton Road is 571.1 mm distributed, on average, evenly 

throughout the year (BOM 2015).  

 

The Orielton Rivulet flows southward and discharges into the estuarine Orielton 

Lagoon. The major land use in the south part of the catchment is agriculture. This area 

is partly irrigated and supports crops and pasture for stock. The steep hills in the North 

are mainly covered by native forest.  

 

There were (July 2015) 24 registered dams for water extraction in the catchment, 

including 22 existing dams, one proposed dam and one not yet built dam (WIST 2015a). 

Most dams are for irrigation and stock, although some are used for commercial and 

domestic purposes. Aside from licensed dams in the region, there are many unlicensed 

dams, both on and off stream. These dams were constructed for various purposes, 

including irrigation, general water collection and storage, duck pond, stock, and 

recreational. The number of unlicensed dams in the catchment was unclear.  

 

2.2.2 Dam identification and measurement  

 

To map dam location, dam size, vegetation cover, slope, and altitude in the catchment 

area, spatial data were obtained from Google Earth Pro, Land Information System 

Tasmania (LIST), Water Information System of Tasmania (WIST) and historical aerial 

photography.  
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Initial information on the status, original permit client, property ID, purpose, approval 

date, stream, capacity, wall height, easting and northing of permitted dams was obtained 

from the WIST dam database which provides these data post 1960s.  

 

However, details of many dams were missing. Some dams lacked stream information, 

as they were identified as off-stream dams when they were on stream. The approval 

date for many dams was lost. This may due to two reasons. One is that in pre- Water 

Management Act 1999 period, dam management was not specified. Details, such as 

dam permission approval date, were not recorded and were not available for WIST. 

Another potential reason is that in the post- Water Management Act 1999, many 

previous existing dams were registered in the State for the first time. These dams have 

no approval date from local or State government.  

 

Registered farm dams were visually identified through Google Earth Pro. Farm dams 

that were not registered under the Water Management Act (1999) were also identified. 

The base satellite Google Earth images that applied in the observation process were 

from 22 February 2005 to 20 June 2015.  

 

Farm dams were firstly identified on 20 June 2015 images. All visually apparent water 

storages within the study areas were marked. Based on dam information from WIST, 

hydro dams were excluded from the selections. The dam boundary was identified as the 

high-water mark of the dam. Tools, including path, polygon and circle, were used to 

measure the perimeter (m), surface area (m2), slope (%), and altitude (m) of each dam. 

Spatial files (.kml) from Google Earth Pro for the first stage dam identification were 

exported to QGIS (GIS software). 

 

To observe the historical development of farm dams in the sub-catchment, historical 

aerial photography available from Geography and Spatial Sciences, University of 

Tasmania (UTAS), and the Department of Primary Industry, Parks, Water and 

Environment (DPIPWE) was used. Photography availability and spatial resolution 

resulted in the selection of 1969 (11th May), 1984 (5th February) and 1993 (13th January). 

With polygons from Google Earth Pro as the top layer, historical aerial photographs 

were added to QGIS as base layers. Dams were identified visually on these images. 

Water surface, size changes, and potential construction date were noted. Dams that 
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existed in 1969, 1984 or 1993 but disappeared in 2005 or 2015 were also recorded and 

measured in Google Earth. All dam data was stored in Google Earth Pro and the 

completed .kml file was exported to QGIS (GIS software) for further spatial analysis.  

 

2.2.3 Measurement categories  

 

Attribute measurement categories were based on previous works (Biggs et al. 1998; 

Williams et al. 2004; Becerra Jurado, Masterson & Kelly-Quinn 2008; Davies et al. 

2008). The size of farm dams (surface area) was categorized into small (S, 0-1000 m2), 

medium (M, 1000-2000 m2), or large (L, over 2000 m2). Dams that were over ten years 

old were considered as old dams. The seasonality of farm dams was identified as not 

dry, dry or not identifiable. Water sources of dams were also classified as on stream, 

off stream and not identifiable. Coverage of native vegetation in a circle with 100-meter 

radius was categorized as small (S, 0-15%), medium (M, 16%-50%) or large (L, over 

50%). Slope of dams was classified as 0-10%, 10%-20%, and >20%. Altitude of dams 

was categorized as 0-100m, 100-200 m, and >200m. Categories of land use types were 

pasture (include general pasture and horse), rural settlement, native vegetation, crop 

(include crop and orchard), and general agriculture (all agriculture other than pasture, 

crop and orchard). Chi-square was used to estimate the relationships between attributes.  

 

2.2.4 Rainfall, stream flow and evaporation  

 

Minitab 17 was used for all statistical analysis for all climatic and stream flow data in 

the Orielton Rivulet sub-catchment. Data were obtained from the Bureau of 

Meteorology (BOM) climate database. Rainfall data for the Orielton Rivulet sub-

catchment were collected from the Orielton (East Orielton Road) weather station. Data 

from Hobart Airport were used to correlate with the Orielton station to interpolate 

missing data during the period 1969 to 2015. Evaporation data (from 1986 to 2015 with 

grid resolution at 0.25°/25 km) from Hobart Airport were used for the Orielton Rivulet 

sub-catchment. The evaporation data for the missing period (from 1969 to 1986) from 

Hobart Airport were predicted from the regression of monthly mean evaporation on 

monthly mean daily maximum temperature. There were no data that allowed variation 

in rainfall and evaporation in the study area to be mapped.  
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A water monitoring station at Orielton Rivulet Upper Stream Brinktop Road (Station 

2211) provided water flow data from 1972 to 1996 (WIST 2015b). In order to fill 

missing data in the gap period (from 1971 to 2005), a station at Coal River at Baden 

(Station 3203, 1971 to 2015) was selected to develop a predictive equation using the 

general linear modeling procedure in Minitab 17. Station 3203 had missing data from 

1995 to 2002 and some monthly data from 2003 to 2015 was also observed. Hence, 

data from the station at Coal River at Richmond (Station 3208, 1995 to 2015) was used 

to predict the missing data at Station 3203. It was not possible to interpolate flow from 

February 1997 to December 2002.  

 

With the available total dam surface area (m2) in 1969, 1984, 1993, 2005 and 2015, the 

average annual change (AC) was calculated for each of the four time periods. The ACs 

were used to predict the total dam surface areas for each year from 1969 to 2015. 

Combined with the annual evaporation (mm) in the catchment, the annual potential 

evaporation (ML per year) from all dams were calculated. The annual mean dam 

evaporation (ML per day) was calculated for each year. The annual mean dam 

evaporation was compared with the annual mean stream flow (ML per day) in Orielton 

Rivulet. To diminish the error in real data, the areas of dams that were dry during 

observations were subtracted from the predicted total surface area data.  

 

2.3 Results  
 

2.3.1 Dams  

 

In October 2015, 261 farm dams were identified in the Orielton Rivulet sub-catchment, 

including 22 registered dams and 239 non-registered dams (Table 1). The total surface 

area of all dams was 204, 401 m2, which is about 0.42% of the total area of the 

catchment. According to the data from WIST, the dam density of the Pittwater-Coal 

catchment in 2015 was 36.25 dams per 100 km2, with 336 dams in the 927 km2 area. 

The dam density in Orielton Rivulet sub-catchment was 51.12 with 25 dams in 48.9 

km2 area, including existing, proposed and not built dams. However, the dam density 

of the sub-catchment determined in the present study, including both registered and 

non-registered dams, was 533.74, ten times more than in the database.  
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Registered Non-registered Total 

Dam Numbers 
 

22 239 261 

Dam Size Small 6 208 214 

 
Medium 6 16 22 

 
Large 10 15 25 

Dam age New 3 13 16 

 
Old 19 226 245 

Seasonality Dry 0 112 112 

 
Not dry 20 121 141 

 
Not identifiable 2 6 8 

Water source On stream 17 103 120 

 
Off stream 5 131 136 

 
Not identifiable 0 4 4 

Vegetation Cover Small 13 176 189 

 
Medium 9 39 48 

 
Large 0 24 24 

Surface area (m2) Average 3208.8 559.9 783.1 

 
Total 70592.9 133808.1 204401 

Table 1: Summary of numbers of both registered and non-registered dams by attributes in the Orielton Rivulet 
sub-catchment in October 2015 

 

The 22 registered dams typically had a large surface area, small surrounding vegetation 

coverage, were constructed on stream, were over ten years old and had no seasonality. 

Dams sizes were equally distributed between the three classes, with an average surface 

area of over 3000 m2. Most registered dams were constructed before October 2005, and 

only three of them were built in the last decade of recording. Although the seasonality 

of two of the dams was not known, most had no dry period. None of the registered dams 

had native vegetation cover over 50% in a 100 m radius circle.  

 

Dams with a small surface area, small vegetation cover in surrounding areas, 

constructed off stream, over ten years old and with clear seasonality tended not to be 

registered. There were only 16 medium size and 15 large size dams within the 239 non-
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registered dams. These dams had an average surface area of 560 m2. Two hundred and 

twenty-six out of 239 dams were constructed before the last decade of recording. Half 

of the non-registered dams were not dry, while the other half exhibited seasonality. 

About 10% of non-registered dams had large native vegetation cover, and over 70% 

had native vegetation cover lower than 15%.  

 

In 1969, the total dam number in the Orielton Rivulet sub-catchment was 132 (Figure 

3). The number increased to 181 in 1984, with a 2.13% average annual growth (AC) 

during the 15 years. Nine years later, the total number increased to 217 by 1993 and the 

AC was 2.04%. Then, the number rose to 245 in 2005 and 261 in 2015 with 1.02% and 

0.63% AC, respectively.  

 

The number of dry dams significantly increased, with a 4.95% AC. In 1969, only 4 dry 

dams were found in the historical aerial photos. The number tripled by 1984 and then 

doubled by 1993. Some dams were dry from 1969 and some other dams dried during 

one or some of the periods, but not all. The number of dry dams reached 32 in 2005 and 

37 in 2015.  

 

From 1969 to 1984, 53 new dams were constructed. There were 36 new dams built in 

the catchment in the next 9 years. The number of new dams decreased to 28 in the 

period 1993 to 2005 and 16 in the period 2005 to 2015.   

 

The total surface area of dams, including dry dams, in 1969 was 77,561.9 m2. The area 

steadily increased in the following time-periods. The total surface area in 2015 was 

186,365 m2, which was almost 8.5 times more than the area in 1969.  
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Figure 3: Total number, number of dry dams, number of new dam and total surface area (m2) change from 1996 
to 2015 
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2.3.2 Dry and new dams  

 

The majority of dry dams were located at low altitude with low slope and were small 

(Figure 4). Dam size had a significant relationship with dam seasonality (Chi-Square = 

20.986, DF = 2, p < 0.001). However, from 1984 to 2015, there were more dry dams 

on moderate to steep slopes. Dams that were over 1000 m2 or located over 100 m were 

rarely totally dry.  

 

From 1969 to 2015, most new dams were located at low altitude with low slope and 

were small. New dams over 1000 m2 in the area accounted about 20% of total new 

dams. Almost a quarter of new dams were on medium slopes and another quarter were 

located at medium altitudes.   

 

  

  

Figure 4: The relationship of seasonality and age with size, slope and altitude of dams in the period 1969 to 2015 
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2.3.3 Climate and stream flow  

 

The annual total rainfall in Orielton Rivulet sub-catchment decreased between 1960 

and 2015 (Figure 5). The average annual rainfall was 560 mm per year. The peak year 

was 1969 with 824.3 mm and the driest year was 2006 with 352.6 mm. Dry years also 

occurred in 1972, 1982 and 2015. From 1969 to 1983, the average annual rainfall was 

about 610 mm per year. The rainfall was 516 mm per year in the decade 2005-2015.  

 

The annual total evaporation in the catchment slightly increased during the time period, 

with an average annual evaporation of 1309 mm per year. The maximum annual 

evaporation was 1475.4 mm in 1994 and the minimum was 1176.8 mm in 2011. 

Evaporation did not strongly change, slightly increasing from 1302.3 mm in 1969-1983 

to 1322 mm in 2005-2015.  

 

Daily stream flow data dramatically decreased over the time period. In 1993, the 

maximum daily stream flow in Orielton Rivulet was 37.5 ML. The flow dropped to 0.3 

ML in 1980 and 1994. The average daily stream flow decreased over 50% from 10.9 

ML in 1969-1983 to 4.7 ML in 2005-2015.  

 

Daily mean stream flow was predicted by annual evaporation and annual rainfall (P-

value < 0.05) with a low standard error (s = 4.98207) and high R-squared (r2 = 66%) of 

the slope of annual rainfall in the multiplied regression equation was highly significant 

(P < 0.001). The multiple regression equation is  

 

𝑀 =  −66.0 + 0.0297𝐸 + 0.06302𝑅 

 

Where M is the daily mean stream flow in Orielton Rivulet sub-catchment in ML, E is 

the annual total evaporation in the region in ML, and R is the annual total rainfall in 

ML.  
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Figure 5: Annual total rainfall, annual total evaporation and Annual daily mean stream flow of Orielton Rivulet from 1969 to 2015. Annual daily mean stream flow data was missing from 1997 
to 2001 
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Figure 6: Total dam surface area from 1969 to 2015 

 

The total dam surface area increased at a dramatic rate between 1969 and 2015 (Figure 

6). The predicted dam evaporation water steadily increased during the whole period 

(Figure 7). The amount of evaporation from dams almost tripled from 0.27 ML/day in 

1969 to 0.74 ML/day in 2015.  

 

Dam evaporation accounts for only small parts of daily water flow in the catchment, 

especially in the wet years (Figure 7). Evaporation from dams can be almost double 

than the amount of stream flow in dry years (Figure 8). The average proportion is about 

26% for the whole period. In three specific dry years, dam evaporation water accounted 

for over 100% of daily stream flow. The proportion was over 50% for eight of the years.  
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Figure 7: Daily mean dam evaporation (ML/day) and daily mean stream flow (ML/day) of Orielton Rivulet from 1969 to 2015, with data missing from 1997 to 2001 

 

Figure 8: The proportion of daily mean evaporation water out of daily mean stream flow of Orielton Rivulet from 1969 to 2015, with data missing from 1997 to 2001 
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2.4 Discussion  
 

The exact number of dam before the application of Water Management Act 1999 in the 

catchment is unknown, but there appeared to be at least 30 dams illegally constructed 

after the commencement of the Act. There is a high probability that these illegal dams 

have no water licence for water storage or extraction from a waterbody.  

 

Based on the data from Orielton Rivulet sub-catchment, there were about 240 non-

registered dams in the catchment. Some of these non-registered dams have a potentially 

significant or higher hazard category, which may lead to a high potential loss of life or 

resources on failure. There have been serious consequences from failed private dams 

in Tasmania in the past 80 years (Pisaniello, Burritt & Tingey-Holyoak 2011).  

 

The high density of dams and rapid increase of dams in Orielton Rivulet sub-catchment 

impacts the local environment, especially the water flow in the Rivulet. This result was 

consistent with previous studies (Srikanthan & Neil 1989; Beavis & Howden 1996; 

Teoh 2002; Graf 2006; Callow & Smettem 2009). With increasing dam surface area, 

the total dam evaporation increases. This evaporative loss affects the regional stream 

flow and increase the pressure on local irrigation systems. As dams were initially 

designed for water security for agriculture and domestic use, they catch runoff and 

sediment, which should flow to local stream. Habets et al. (2014) found that farm dams 

account for the reduction of river flow, as they store runoff. They also reported that 

climate change might affect the ability to fill farm dams. The increased dam numbers 

and capacity have a significant impact on local stream flow. The impact varies between 

location and years.  

 

With the missing pre-construction reports and without environment impact assessment 

reports on non-registered dams in the catchment, potential ecological, chemical and 

physical impacts to local area are unknown. It is hard to evaluate the threat to local 

environment and species. However, cumulative impacts from the large area of dams in 

the catchment are substantial and long-term (Lowe, Nathan & Morden 2005). Potential 

impacts include less sediment in local flow, changed water flow regimes, limited biotic 

exchange, and nutrient and contaminant accumulation (Tonitto & Riha 2016).  
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Over ten times more unregistered dams than registered dams were found in the Orielton 

Rivulet sub-catchment. Though the exact situation would be different in other 

catchments, unregistered dams are likely to be widespread. This missing information 

result in poor planning. Potential ecological, chemical and physical impacts of dams 

are likely to be much more serious than the prediction based on registered dams. There 

is a need for a statewide survey of the real dam number and area, as well as an 

understanding of the impacts of dams on stream flow and environmental values.  

 

2.4.1 Limitation of work 

 

The mapping of dam surface area was not highly accurate. Also, the surface areas of 

each dam changes in response to season and year. The prediction of total dam surface 

areas with AC ignored the potential impact from dry or wet years. Instead of high labor 

and low accuracy manual identification of dams, automatic segmentation analysis could 

be applied when high-resolution imagery is available for dam identification. I tested the 

degree to which such analysis can eliminate human errors and save human effort in the 

next chapter.  

 

Dam volume was not calculated in the present study. The changing dam surface area 

would enlarge the estimation error, as the predictive equations for dam volume are 

based on it. Light Detection And Ranging (LiDAR) detects vertical distance with a laser 

light beam. Costa, Battista and Pittman (2009) found that LiDAR is a cost-effective 

way to mapping and monitoring coral reef ecosystems within 50 m depth. The 

maximum surveyable depths may less than 10 m in murky near-shore waters (Guenther 

et al. 2000). With a digital elevation model (DEM) of LiDAR data imports to GIS tools, 

the volume of dams can be estimated directly (Lowe, Nathan & Morden 2005). As the 

water depth of most farm dam is usually less than 5 m, there would be only minor 

impacts on the accuracy of water measurements (Bloechl et al. 2010; Hazell et al. 2001). 

However, with the imagery resolution limitation, methods would be limited to dams of 

relatively large size. Also, LiDAR is not available for whole Orielton Rivulet sub-

catchment but only limited areas. Dam volume estimation in the State would require 

more widespread and more high resolution LiDAR data.  
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Some short-term dams, such as flood control dams, might be missed from the counting 

on Google Earth imagery and historical aerial photos. If dams only existed between 

target years, it is possible that they were overlooked.  

 

Climate and stream flow data were missing for several periods between 1969 and 2015. 

Also, there are no notes or explanation of usual data. Dam evaporation is predicted from 

dam surface areas and predicted annual evaporation of the catchment, which does not 

take into account seasonal variation in dam surface areas.  The data also misses the 

impacts from tree canopy shadow, soil porosity, and other factors.   
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Chapter 3: Segmentation analysis of farm dams using an object-based 

classification approach  
 

3.1 Introduction  
 

The present chapter investigates the possibilities for the use of automated classification for the 

identification of farm dams, using different types of imagery. In the case study in Chapter 2, 

human cognition was used to visually identify farm dams from aerial photographs and satellite 

images. This process was time and labour consuming and would be only suitable for a small 

area. The present chapter investigates the potential for automated identification of farm dams 

over larger areas.  

 

3.1.1 Satellite imagery  

 

The most commonly used satellite images are LANDSAT and SPOT. LANDSAT satellite 

imagery has been available as a public resource since 1972 (Roohi & Webb 2012; Landsat 

2016). It is useful for long-term monitoring of farm dam development at scales appropriate to 

a spatial resolution of 30 m. It has six multi-spectral bands (Shaikh, Whyte & Pobre 2011; 

LandsatT 2016). The six bands cover both visible and near-infrared parts of the electromagnetic 

spectrum (Landsat 2016). At the coarse pixel size of 30 m, it would be very difficult to 

recognise individual farm dams, especially the small ones (Geoscience Australia 2008; Shaikh, 

Whyte & Pobre 2011). Previous studies have concluded that LANDSAT imagery is not suitable 

for analysing small water bodies or wetland change (Johnston & Barson 1993; Young & Dahl 

1994; Good & McMurray 1997; Neal et al. 2002; Cui, van Paddendury & Zhang 2005; Mishra 

& Prasad 2015; Acharya et al. 2016). However, some studies still apply LANDSAT imagery 

coupled with other imagery (Shaikh, Whyte & Pobre 2011; Roohi & Webb 2012).  

 

SPOT imagery has been available for spatial analysis for decades. The SPOT PAN imagery 

contains three multi-spectral bands at a spatial resolution of 10 m (Shaikh, Whyte & Pobre 

2011). The SPOT satellite imagery has a spatial resolution of 2.5 m (Geoscience Australia 

2008). This higher resolution makes it easier to recognize small water bodies.  

 

Google Earth Imagery (GEI) is another effective source for collecting information on both dam 

location and surface area. It can be used to develop base maps of farm dam location in point 
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and polygons. Moreover, GEI is available from 2005 (Google Earth 2016). This continual 

imagery provides an important source for long-term monitoring of dam development. However, 

the quality of GEI is highly depended on the area and time. Imagery resolution and bands vary 

by time and location, which may lead to different outcomes.  

3.1.2 Aerial photography 

 

Aerial photography is one of the most commonly used types of imagery for farm dam 

identification (McMurray 2003; Lowe, Nathan & Morden 2005; Shaikh, Whyte & Pobre 2011; 

Byrnes 2016;). Spatial resolution of aerial imagery can reach up to 0.5 m at a 1:25,000 scale. 

The imagery, if coloured, contains multi-spectral information (Shaikh, Whyte & Pobre 2011). 

Also, aerial photography is cheaper than high-resolution satellite imagery (Dare, Fraser & 

Duthie 2002; Lowe, Nathan & Morden 2005).  

 

Aerial photography has been widely available since the 1940s, which gives it a wider time 

range than satellite imagery. However, aerial photography is not consistent (Lowe, Nathan & 

Morden 2005). Black and white or colour aerial photography has been taken at a variety of 

scales. Imagery that covers the whole of a study area may vary in age and scale, which could 

cause errors. The differences between aerial photographs at different times may require manual 

analysis of farm dams, as indeed may differences in satellite imagery (Lowe, Nathan & Morden 

2005; Shaikh, Whyte & Pobre 2011).  

 

3.1.3 Topographical maps  

 

Some information on water bodies can be obtained from standard 1:25,000 topographical map, 

which include farm dams. Digital coverage of topographical map can be acquired. This allows 

information on number and surface area of farm dams to be directly analysed with GIS tools 

(Lowe, Nathan & Morden 2005). Farm dam boundaries can be automatically delineated with 

those tools (Byrnes 2016). This method is cheaper than aerial photography and can be easily 

applied over large areas. However, the resolution and age of the imagery used to construct the 

maps varies considerably. The number of dams identified from topographical maps tends to be 

far less than those identified from aerial photography (Lowe, Nathan & Morden 2005).  

 

3.1.4 Other imagery  
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Light Detection And Ranging (LiDAR) is also used for dam analysis. LiDAR imagery is based 

on the measurement of distance with a laser light beam. It allows the development of a digital 

elevation model with spatial resolution up to 1 m (SKM 2011; Lowe, Nathan & Morden 2005). 

With LiDAR imagery, both dam location and capacity can be estimated using GIS tools. 

However, it is currently not widely used.  

A single imagery source is insufficient for spatial analysis of farm dams, which require 

information on location, surface area and capacity. Several imagery sources are used in many 

studies for minimum error and highest accuracy in many studies (Lowe, Nathan & Morden 

2005; Shaikh, Whyte & Pobre 2011; Roohi & Webb 2012; Ottinger, Clauss & Kuenzer 2017).  

 

3.1.5 Pixel-based classification  

 

Unsupervised classification, as the most commonly applied method in mapping water bodies, 

relies on the spectral characteristics of pixels (Frazier & Page 2000; Shaikh, Whyte & Pobre 

2011). In the identification process, each pixel is an individual unit and classification works on 

individual characteristics. For farm dam recognition, water is identified by its distinct spectral 

characteristics. This allows the water bodies to be detected easily through optical imagery using 

imagery classification techniques. However, this method is unable to delineate the boundary of 

empty water storages. Also, there are problems in automatically distinguishing between dam 

and wetlands, algae surfaces, and grazing areas (Shaikh, Whyte & Pobre 2011). Hence, on-

screen digitization of farm dams is often undertaken, which is a highly labour-intensive manual 

process (McMurray 2003). The location and dam polygons are manually mapped on a screen. 

This process can also clarify if dams are empty or full.  

 

3.1.6 Object-based classification  

 

Object-based classification considers object as the unit, with its texture, size, shape and 

neighbouring pixels (Hurd et al. 2006). With digital aerial photography as the base layer, 

imaging software is used to group pixels into segments or objects that share a homogeneous 

spectral similarity (Shaikh, Whyte & Pobre 2011). Using classification techniques, such as 

fuzzy logic, similar contiguous pixels are merged. Rules are applied to determine the ultimate 

level of segmentation of the imagery (Zhang & Maxwell 2006; Geoscience Australia 2008; 

Roohi & Webb 2012). Polygons are generated which can be visually interpreted to be farm 

dams (Shaikh, Whyte & Pobre 2011). Farm dam boundaries that are delineated from object-
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based classification are more accurate than those from pixel-based classification, because 

typical pixel-based classifications cannot clearly define irregular boundaries (Shaikh, Whyte 

& Pobre 2011). 

 

Other studies use Digital Elevation Models (DEM) to help identify the boundaries of dams 

(Callow & Smettem 2009; Byrnes 2016). A pit filling algorithm is used to edit the DEM to 

incorporate the banks of dams. The DEM provides a usable tool to evaluate the positional 

accuracy of dam boundaries (Byrnes 2016), but usually requires a high degree of time-intensive 

manual processing.   

 

Several imagery sources can be used in conjunction to map dams. Coarse LANDSAT imagery 

has been used to output the location of farm dams with points and polygons, then the layer 

intersected with high-resolution SPOT pseudo-natural imagery or Google earth imagery pixels 

(Geoscience Australia 2008; Roohi & Webb 2012). This process is effective for analysis of 

large areas. However, due to resolution limitation, small farm dams are captured as points 

rather than polygons. Surface area and capacity of farm dams cannot be identified 

automatically through the process. 

 

3.1.7 Application in Tasmania  

 

Various types of imagery for farm dam spatial analysis are available to use in Tasmania. 

Satellite imagery is available for Tasmania at a spatial resolution of 60 m since 1972 and 30 m 

since 1983 (Landsat 2016). Aerial photography has covered Tasmania since the 1940s 

(DPIPWE 2016). LiDAR data is also available for some areas of the State (LIST 2016). 

PlanetScope imagery and RepidEye imagery are also available for the State since 2009, with 

four bands at 3 m spatial resolution (Planet Labs Inc. 2016). The online Google Earth imagery 

is open for public use from 2005, with more than one update of imagery every year. Standard 

regional 1:25,000 topographical maps are also available. The dam management database is 

open to public use for public through the Water Information System of Tasmania (WIST 2015).  

 

Very few studies of farm dam distribution have been done in the State. Most dam studies in 

Tasmania relate to water quality monitoring and the hydrological impacts of dams. A farm dam 

development study has been undertaken in the Orielton Rivulet sub-catchment based on Google 

Earth imagery and aerial photography (Chapter 2). The delineation of farm dam boundaries 
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was manually undertaken on imagery without GIS tools or other imaging software. This 

procedure can only be applied in small areas, as it is labor intensive and time consuming.  

 

LiDAR imagery is not widely available in Tasmania. Spatial analysis of farm dams on digital 

topographical maps may lead to a low accuracy for small dams. Due to the coarse resolution 

of LANDSAT imagery, it is generally not used for farm dam mapping in Tasmania. The SPOT3 

satellite imagery at a spatial resolution of 10 m also cannot be used to map dams with small 

surface areas (Shaikh, Whyte & Pobre 2011). Conjoint use of several types of imagery might 

be the most cost-effective method to analyse the distribution of farm dams in Tasmania. 

PlanetScope imagery at a spatial resolution of 3 m coupled with available aerial photography 

is available.  

 

In this chapter, object-based classification was applied to dam identification in the Orielton 

Rivulet sub-catchment area with Planet Scope imagery (3 m resolution) and aerial photographs 

(0.1 m resolution). The two imagery types were used to investigate the potential impact of 

imagery resolution on dam identification. Three segmentation algorithms with different 

parameter values were tested on the two imagery types. The accuracy of each algorithm was 

assessed on the two imagery types.  

 

3.2 Methods  
 

3.2.1 Study area layers and dam measurement categories 

 

Four layers of Orielton Rivulet sub-catchment were obtained: the topography from LIST map 

(LIST 2017), aerial photographs, PlanetScope satellite images and dam ground truth from 

Google Earth Pro. The topographic map of Tasmania was imported to QGIS as a base map. As 

the two type of images had different resolutions and scales, imagery pre-processing was not 

conducted.  

 

The latest aerial photographs were obtained from DPIPWE. These were dated 4 April 2016, 

with maximum spatial resolution at 0.1 m (DPIPWE 2017a). However, aerial photographs were 

not available for the whole sub-catchment area. Only 12 dams were covered by the aerial 

photographs.  
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PlanetScope satellite images were obtained from the Planet Labs Inc. (Planet Labs Inc. 2016). 

The images were obtained at the similar period of the latest aerial photographs with fewest 

cloud coverage. Images that were imported to QGIS were dated at 17 July 2016 and 26 Sep 

2016, as there was no single date imagery that can cover 100% of the sub-catchment area. With 

the 3 m spatial resolution, the status of small dams was unable to be identified.  

 

Location and surface area of dams in the sub-catchment were obtained from Google Earth Pro 

as the ground truth based on 20 June 2015 images (Chapter 2). To map dams in the sub-

catchment at a similar time as the aerial photographs, Google Earth Pro imagery dated 2 March 

2016 and 14 September 2016 was used. Dry dams were removed from the top layer. Dams with 

boundaries that differed from the mapping in Chapter 2 were also noted and new dam shape 

polygons were described and measured. Registered dams were named by their identification 

ID with a prefix of “S”. Non-registered dams were named by their identification ID number. A 

spatial file (.kml) from Google Earth Pro of updated dams was imported to QGIS as one of the 

base layers. The dam surface area, age, seasonality, water source, coverage of native vegetation, 

and land use types followed the categories from Chapter 2.  

 

3.2.2 Algorithms for imagery segmentation   

 

PlanetScope imagery and aerial photography (.tif file formats) were imported to QGIS and 

three segmentation algorithms, including Mean Shift, Watershed and Morphological Profiles. 

Segmentations from the Orfeo ToolBox (OTB) in QGIS were assessed for their ability to 

recognised dams in the two imagery sources. To ensure parameter consistency, this study only 

applied segmentation algorithms from this source.  

 

The Mean Shift Algorithm in the OTB uses a generalised kernel approach to group the 

imagerypixels (Comaniciu & Meet 2002). Parameters in the Mean Shift algorithm were tested, 

including Spatial Radius (valued at 1, 2, 5, 10) and Range Radius (10, 15, 20).  The Spatial 

Radius is “the Spatial Radius of the neighbourhood” for averaging (OTB 2017). The Range 

Radius is “the radius expressed in radiometry unit in the multispectral space” (OTB 2017). 

Mode convergence threshold, maximum number of iterations and minimum region size were 

not tested, as the sizes of dam boundaries and water surface area were not constant.  
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The Watershed Segmentation Algorithm classifies pixels into regions, by using gradient 

descent on imagery features (OTB 2017; Preim & Botha 2013). It also analyses the weak points 

along region boundaries to produce a hierarchy of segmentations. The height function is the 

gradient magnitude of the amplitude. In the testing of this algorithm, Depth Threshold ranged 

between 0.01 and 0.5 and Flood Level ranged from 0.1 to 0.5. Depth Threshold stands for the 

“Depth Threshold units in percentage of the maximum depth in the image” (OTB 2017). Flood 

Level is used to “generate the merge tree from the initial segmentation” (OTB 2017).  

 

The Morphological Profiles Based Segmentation Algorithm was proposed by Pesaresi and 

Benediktsson (2001). Profile Size (valued tested at 2, 5, 10), Initial Radius (1, 2, 5) and Radius 

Step (1, 2) were tested. Profile Size in the algorithm stands for the derivative of the 

Morphological Profile. Initial Radius is the value of “the structuring element in pixels” (OTB 

2017). Radius Step is the “Radius Step along the profiles in pixels” (OTB 2017). The default 

value for the threshold of the final decision rule was used, as the minimum dam boundary size 

and dam surface water size wewre unknown.  

 

3.2.3 Output analysis  

 

When analysing the segmentation output, the original satellite imagery or aerial photo was used 

as the base layer, the output layer as the middle layer and the dam ground truth layer as the top 

layer. The accuracy of both dam boundary and surface water area were determined by 

comparison of the output layer with the dam ground truth layer. As the PlanetScope satellite 

imagery and aerial photographs covered different areas, segmentation results for dams that 

occurred within both were compared.  

 

The percentage of dam boundary (Dam_Pect) that was identified by the segmentation 

algorithm was estimated, ranging from 0% to 100%. Segment (s) that were coincident with the 

dam boundary polygon were all counted. The percentage value was used to determine if the 

dam boundary was identified or not.  If a high percentage (equal to or over 75%) of the dam 

boundary was identified by one segment and the dam boundary was not over-segmented, the 

dam boundary was marked as identified (Boundary = 1). If a high percentage of the dam 

boundary was identified by more than one segment and there was no single segment that 

covered a high percentage of the boundary, the dam was marked as not identified (Boundary = 

0). If less than 75% of dam boundary was identified, the dam boundary was also marked as not 
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identified. The number of segments (Seg No.) that covered 100% of the dam area was also 

counted.  

 

The percentage of water surface area (Water_Pect) that was identified by the algorithm was 

estimated, ranging from 0% to 100%. If the dam was full and the dam boundary was identified, 

the dam water surface was marked as identified (Water =1). If the dam was not full and a high 

percentage of water surface area boundary (equal to or over 75%) was delimited by the segment 

(s), the water surface was considered as identified by the test (Water = 1); otherwise, the water 

surface was not identified (Water =0).  

 

The percentage of over-segmented segments (Over-Seg) was recorded. If the segment was the 

same size or smaller than the dam boundary size, Over-Seg was valued at 0. If the segment was 

larger than the dam size, the percentage of the segment that was over the dam size was marked 

as small (1, 1%-30%), medium (2, 30%-70%) and large (3, >70%).  

 

The percentage of under-segmented segments (Under-Seg) was also marked. If the segment 

was the same size or larger than the dam boundary size, Under-Seg was valued at 0. If there 

were segments within the dam boundary, the maximum percentage of dam area that was 

covered by one segment was recorded as small (1-30%), medium (2, 30%-70%) and large 

(3, >70%). If the segment within dam boundary was the size of water surface area, it was still 

marked as under-segmented. The overall over-segmentation and under-segmentation 

evaluation categories were based on those in previous work (Chen & Wang 2004; Sigut, 

Fumero & Nuñez 2015).  

 

To determine whether dam attributes affect the dam boundary and water surface area 

identification accuracy, the relationships between dam attributes and dam boundaries and water 

surface areas were tested with Chi-square (Minitab 18). The Chi-square analysis only applied 

for the parameter value set that had the maximum identified dam boundaries in each algorithm 

test. If the total number of identified dam boundary/water surface areas from one segmentation 

analysis was less than five or all dam boundaries/water surface were identified, the relationship 

was not tested. If the total number of non-identified dam boundary/water surface area was less 

than five or dam boundaries/water surface areas were non-identified, the relationship was also 

not tested.  
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3.3 Results  
 

3.3.1 Dam status  

 

One hundred and sixty non-dry dams were identified from the 2 March 2016 and 14 September 

2016 Google Earth Pro satellite images and 4 April 2016 aerial photographs. This included 21 

registered dams and 139 non-registered dams. Seven aerial photographs from DPIPWE 

covered only a small portion of the study area with only 12 dams in the area (Figure 9).  

 

 

Figure 9: Aerial photographs with dam polygons (Yellow) 

 

One hundred and one dry dams were excluded from the present study (Figure 10). Within the 

160 non-dry dams, five of them had changed boundaries between the 2 March 2016 and 14 

September 2016 Google Earth Pro satellite images (Figure 11). Boundaries of these changed 

dams were remapped in Google Earth Pro. Most non-dry dams were non-seasonal small dams 

that were built more than ten years ago (Table 2). For the 13 dams that built within recent 

decade, all the four large dams were registered, and all the small dams were missing from 
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WIST. Most dams were off stream used for stock and had no agricultural land use within the 1 

km buffer zone. Half of the dams had no forest/bush within the buffer zone.  

 

About 20% of dams were near to settlement. Four of these dams have a size over 1000 m2. 

Only a quarter of the dams have more than 15% vegetation cover within 100 m of the dam 

boundary. Among the 12 dams that have more than 50% vegetation cover within 100 m, there 

were only two large dams and one medium dam. All the rest were small dams, with a size less 

than 1000 m2.  

 

Figure 10: Examples of dry dams that were excluded from the present Chapter 

 

Figure 11: Examples of non-dry dams with changed boundaries that were different from dam mapping in Chapter 2 
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Table 2: Counts and frequencies of all categories of dam physical parameters, including size, age, seasonality, on/off stream, 
buffer zone land use type and vegetation cover 

Variables Category Frequency 

Non-dry dams Dams included in this Chapter 160 

Dry dams Dams that excluded in this Chapter 101 

Changed dam Non-dry Dams with changed boundary  5 

Size  1 (<1000 m2) 117 

2 (<2000 m2) 19 

3 (>2000 m2) 24 

Age 0 (<10 years) 13 

1 (>10 years) 147 

Seasonality 0 (Not seasonal) 105 

1 (Seasonal) 55 

Stream 0 (Off stream dam) 70 

1 (On stream dam) 90 

Stock 0 (No stock in buffer zone) 25 

1 (Stock exist in buffer zone) 135 

Forest/Bush 0 (No forest/bush in buffer zone) 81 

1 (Forest/bush exist in buffer zone) 79 

Settlement 0 (No settlement in buffer zone) 124 

1 (Settlement exist in buffer zone) 36 

Agriculture 0 (No agricultural land use) 108 

1 (Agricultural land use in buffer) 52 

Veg Cover 1 (0-15%) 120 

2 (16%-50%) 28 

3 (50%-100%) 12 
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3.3.2 Comparison of PlanetScope and aerial photograph analyses 

 

With the MPB Algorithm, the same parameter value set had the best results in the two imagery 

types (Table 3). Only two out of 12 dam boundaries were identified with PlanetScope satellite 

imagery. On the other hand, only four of the dam boundaries were unrecognized in the aerial 

photograph analysis.  

Table 3: Segmentation results of 12 dams with the two imagery types and three algorithms. For Mean Shift Algorithm, S 

stand for Spatial Radius and R stand for Range Radius. For Watershed Algorithm, D stand for Depth Threshold and F stand 

for Flood Level. For MPB Algorithm, P stand for Profile Size, I stand for Initial Radius and R stand for Radius Step.  

Algorithms Parameters Planetscope Imagery Parameters Aerial Photograph 

Boundary Water Boundary Water 

Mean Shift S=1, R=10 1 0 S=5, R=15 12 10 

Watershed D=0.01, 

F=0.1 

1 1 D=0.05, 

F=0.1 

12 10 

MPB P=10, I=5, 

R=2 

2 1 P=10, I=5, 

R=2 

8 9 

 

Parameter value sets with the maximum accuracy on both imagery types are shown in Table 4. 

All dams that were covered by the two imagery types were included in the table. The Watershed 

algorithm had the best overall performance in identifying dam boundaries on PlanetScope 

imagery, with the highest number of dam boundary identified (Table 4). This algorithm also 

had the equal highest identification accuracy of both dam boundary and water surface area on 

aerial photographs. With the Mean Shift Algorithm, higher dam identification accuracy was 

acquired from aerial photograph, than PlanetScope imagery. This algorithm had the lowest 

accuracy in recognising dams from PlanetScope imagery.   
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Table 4: Summary of the maximum segmentation results of all dams within the imagery covered areas for the three 
algorithms with two imagery types. 

Algorithms Parameters PlanetScope Imagery 

Percentage Seg 

No. 

Boundary Water Over-Seg Under-

Seg 

Mean Shift S=1, R=10 12.2 2.3 5 2 159 37 

Watershed D=0.01, 

F=0.1 

25.4 3.2 26 2 158 58 

MPB  P=10, I=5, 

R=2 

13.0 2.3 14 8 155 46 

Algorithms Parameters Aerial Photograph 

Percentage Seg 

No. 

Boundary Water Over-

Seg 

Under-Seg 

Mean Shift S=5, R=15 80.1 30.0 12 10 2 11 

Watershed D=0.05, 

F=0.1 

86.7 65.1 12 10 2 12 

MPB  P=10, I=5, 

R=2 

72.3 N/A 8 9 7 12 

 

In the present study, over 90% of dams were over-segmented with all three algorithms on 

PlanetScope Imagery (Table 5). Compared with the other algorithms, Watershed had the lowest 

percent of dams that were strongly over-segmented, but the total number of over-segmented 

dams was very high.  The Mean Shift Algorithm and Watershed Algorithm had similar results 

on aerial photographs in the present study. Both algorithms recognized all the dam boundaries 

and 10 water surface areas. The Watershed Algorithm identified a higher average percentage 

of dam boundaries, but there were larger number of small segments within the dams. More 

details are given below.  

 

  



 43 

Table 5: Summary of over-segmented and under-segmented dams using all three algorithms with two imagery types. 

Algorithms Parameters Categories PlanetScope Imagery Aerial Photograph 

Over-Seg Under-Seg Over-Seg Under-Seg 

Mean Shift S=1, R=10 0 1 123 10 1 

1 27 22 2 9 

2 7 6 0 0 

3 125 9 0 2 

Watershed D=0.01, F=0.1 0 2 102 10 0 

1 55 42 2 4 

2 13 10 0 6 

3 90 6 0 2 

MPB  P=10, I=5, 

R=2 

0 5 114 5 0 

1 8 37 7 10 

2 1 7 0 0 

3 146 2 0 2 

 

3.3.3 Mean Shift Algorithm  

 

3.3.3.1 PlanetScope Satellite Imagery  

 

Variations in Spatial Radius values and set Range Radius had almost no effect (Figure 12a and 

12b). Different Spatial Radius and Range Radius value had only minor effects on segmentation 

outcomes (Figure 12c and 12d).  
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Figure 12: Results of Mean Shift algorithm with four different parameter values on PlanetScope Satellite Imagery. 12a: 

Spatial Radius = 1 and Range Radius = 10; 12b: Spatial Radius = 2 and Range Radius = 10; 12c: Spatial Radius = 5 and 

Range Radius = 15; 12d: Spatial Radius = 10 and Range Radius = 20.  

 

12a 

12b 

12c 

12d 
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With Spatial Radius =1 and Range Radius =10, the overall result was the best among all the 

tests. Five dam boundaries were identified, including two small dams, one medium dam and 

two large dams out of 160 dams (Figure 13). All five dams were identified in a single segment, 

with over 85% boundary accuracy. Within the five dams, two of the dams had their water 

surface accurately delimited. Nevertheless, most of the dams were over-segmented. Only one 

dam was not over-segmented. About 80% of dams were heavily over-segmented. Thirty-seven 

dams were marked as under-segmented and nine of them had large segments within the 

boundary.  

 

Figure 13: Examples of identified dam boundary with Spatial Radius = 1 and Flood Level = 10 with Mean Shift algorithm on 

PlanetScope Satellite Imagery (Dam 21 and Dam 164). 

3.3.3.2 Aerial Photographs  

 

The same parameter values (Spatial Radius = 1, 2, 5 and 10; Flood Level = 10, 15 and 20) were 

used to test the Mean Shift Algorithm on the aerial photographs. The outcomes were 

significantly different from the segmentation analysis on the PlanetScope satellite imagery. 

Segment number significantly decreased with increased Spatial Radius value from 1 to 10 

(Figure 14). Under-segmentation for the dam boundary was reduced (Figure 14c). The Mean 

Shift algorithm with Spatial Radius = 5 and Range Radius = 15 resulted in the best 

segmentation result for aerial photographs (Figure 14d). The dam boundary was discrete when 

Spatial Radius increased to 10 and Range Radius raised to 20 (Figure 14e).   

Dam 21 Dam 164 
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Figure 14: Comparison of Mean Shift algorithm with different parameter values on aerial photographs. 14a: Original aerial 

photograph of Dam 6; 14b: Spatial Radius = 1 and Range Radius = 10; 14c: Spatial Radius = 2 and Range Radius = 10; 

14d: Spatial Radius = 5 and Range Radius = 15; 14e: Spatial Radius = 10 and Range Radius = 20.  

14a 

14b 

14c 

14d 

14e 
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Mean Shift Algorithm with Spatial Radius = 5 and Range Radius = 15 had the best overall dam 

identification result among the four segmentation tests. The boundaries of all 12 dams were 

identified by the test. The water surface of Dam S18 and Dam 20 were not identified by the 

test (Figure 15). Most of the dams were not over-segmented with the Mean Shift algorithm. 

Only two dams were slightly over-segmented (Over-seg = 1). Two of the dams were marked 

as largely under-segmented and the others were slightly or not under-segmented.  

 

  

15a: Dam S18 segmentation result  

  

15b: Dam 20 segmentation result  

Figure 15: Dam boundary and dam water surface of Dam S18 not been identified with Spatial Radius = 5 and Range Radius 

= 15 with Mean Shift algorithm on aerial photograph. 

 

The impact of water reflection was not significant with PlanetScope imagery but obvious with 

aerial photographs. As seen in Figure 15a, water reflection from Dam S18 had significant 

impact on the segmentation result for water surface area identification. On the other hand, water 

reflection did not affect the recognition of dam boundaries.   
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3.3.4 Watershed Algorithm  

 

3.3.4.1 PlanetScope Satellite Imagery  

 

The tested Watershed Algorithm parameters including Depth Threshold value at 0.1, 0.05 and 

0.01, and Flood Level value at 0.5, 0.3, 0.1 (Figure 16). With Depth Threshold = 0.1 and Flood 

Level = 0.5, the PlanetScope Satellite Imagery was barely segmented (Figure 16a). No dam 

was identified from this test. When Depth Threshold = 0.05 and Flood Level = 0.3, the outcome 

did not improve (Figure 16b). The Depth Threshold = 0.01 and Flood Level = 0.1 identified 

the highest number of dams (Figure 16c). There were 26 dam boundaries and two water 

surfaces identified out of 160 dams. Ten of the dams with identified boundaries were identified 

by more than one segment (Figure 7a). Both boundary and water surface were identified in 

only one dam (Figure 5-2b, Dam S17). There was one dam for which the water surface been 

identified, but not the dam boundary (Figure 17c). Ninety dams were largely over-segmented 

in this test, while only two dams were not over-segmented (Table 4). Fifty-eight dams were 

under-segmented, including six dams that were largely under-segmented.  

 

There was a positive relationship between dams with identified boundary and dam size (Chi-

square = 11.439, DF = 2, p = 0.003). Eight out of 26 recognised dam had their size classed as 

Medium or Large. No relationship was found between the identified dams and other attributes.  
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Figure 16: Results of Watershed algorithm with three parameter value sets on PlanetScope Satellite Imagery. 16a. Depth 

Threshold = 0.1 and Flood Level = 0.5; 16b. Depth Threshold = 0.05 and Flood Level = 0.3; 16c. Depth Threshold = 0.01 

and Flood Level = 0.1.  

  

16a 16b 

16c 
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Figure 17: Dam boundary and dam water surface been identified with Depth Threshold = 0.01 and Flood Level = 0.1 with 

Watershed algorithm on PlanetScope Satellite Imagery. 17a. Dam boundary been identified with one segmentation (Dam 1) 

and more than one segmentation (Dam 40, 41, 42); 17b. Both dam boundary and water surface been identified (Dam S17); 

17c. Only water surface has been identified (Dam 19).  

3.3.4.2 Aerial Photograph 

  

When Depth Threshold =0.1 and Flood Level = 0.5, limited segments were produced, and no 

dam was identified (Figure 18b). By decrease Depth Threshold to 0.08 and Flood Level to 0.3, 

the result improved. For example, the rough boundary of Dam 19 could be recognised, but 

Dam 20 was still unable to be identified (Figure 18c). With Depth Threshold = 0.05 and Flood 

Level = 0.1, most of the dam boundaries were identified by the algorithm.  

  

17a, Dam 1 17a, Dam 41, 42 17a, Dam 40 

17b, Dam S17 17c, Dam 19 
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Figure 18: Segmentation results of Dam 19 and Dam 20 with different parameter values with Watershed algorithm on aerial 

photograph. 18a: Original aerial photograph of Dam 19 and Dam 20; 18b: Depth Threshold = 0.1 and Flood Level = 0.5; 

18c: Depth Threshold = 0.08 and Flood Level = 0.3; 18d: Depth Threshold = 0.05 and Flood Level = 0.1.  

18a 

18b 

18c 

18d 
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As can be seen in Figure 18d, boundaries of both Dam 19 and Dam 20 and water surface of 

Dam 19 were identified. The segmentation analysis had the best overall result with Depth 

Threshold = 0.05 and Flood Level = 0.1, which identified all dam boundaries and 10 dam water 

surfaces. However, no relationship was found between identified water surface and dam 

attributes. Only five dams were not over-segmented and the other seven dams were slightly 

over-segmented. All the dams had small segments within the dam boundary areas.  

 

3.3.5 Morphological Profiles Based (MPB) Segmentation Algorithm  

 

3.3.5.1 PlanetScope Satellite Imagery  

 

When Profile Size = 2, Initial Radius = 1 and Radius Step = 1, dams were over-segmented and 

the dam boundary was barely identified (Figure 19a). Objects were only identified by their 

probable shape with multiple segments. For example, the boundary of Dam 19 was roughly 

described by a group of segments without closed polygon for the overall boundary. While 

individual segments occurred within the dam boundary, the water surface of Dam 19 was not 

accurately outlined. Small dams, such as Dam 20 and Dam 21 were not identified by this MPB 

algorithm test. No dam boundary was identified with this set of parameter values.  

 

MPB algorithm with Profile Size = 5, Initial Radius = 2 and Radius Step = 2 had a better 

performance outcome (Figure 19b). Homogenous segments had merged as large segments 

which outline the rough shape of the objects. For example, about 90% of the boundary of Dam 

19 was identified in this test. The dam boundary was not identified as a line but as an open 

narrow segment. Small dams were still missed in this test. There were only four dam boundaries 

identified.  

 

With Profile Size = 10, Initial Radius = 5 and Radius Step = 2, the MPB algorithm had the best 

segmentation output (Figure 19c). There were 14 dam boundaries and eight dam water surfaces 

identified within this test. Compared with the previous two tests, the boundary of Dam 19 was 

described with a single line rather than segments. Individual segments also existed within the 

dam boundary and described the water surface of Dam 19. Both dam boundary and water 

surface of Dam S1 were successfully outlined in this test, as the dam was full (Figure 20). Most 

of the small dams were not identified. Some small dams, for example Dam 81, were identified 
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by single segment (Figure 20). No relationship was found between identified dam boundary 

and water surface and dam attributes.  

 

Compared with other algorithm tests, the MPB algorithm produced the highest number of over-

segmented dams, which was over 90%. This test also had the highest number of not over-

segmented dams within all algorithm tests on Planetscope images. There were 114 dams that 

marked as not under-segmented in this test.  

 

 

19a 

19a 
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Figure 19: MPB algorithm with different parameter values on PlanetScope Satellite Imagery. 4-3a: MPB algorithm with 

Profile Size = 2, Initial Radius = 1, Radius Step = 1 and Threshold of final decision rule = 1.0; 4-3b: MPB algorithm with 
Profile Size = 5, Initial Radius = 2, Radius Step = 2 and Threshold of final decision rule = 1.0; 4-3c: MPB algorithm with 

Profile Size = 10, Initial Radius = 5, Radius Step = 2 and Threshold of final decision rule = 1.0. 

19b 

19b 

19c 

19c 
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Figure 20: Examples of identified dam boundaries with Profile Size = 10, Initial Radius = 5, Radius Step = 2 and Threshold 

of final decision rule = 1.0 by MPB algorithm (Dam S1 and Dam 81).  

 

3.3.5.2 Aerial Photograph 

   

with a Profile Size = 5, Initial Radius = 2 and Radius Step = 2, the aerial photographs were 

over segmented. As can be seen in Figure 21b, only fuzzy dam boundaries could be recognized 

from the output layer. Although the boundary of Dam 20 was clearer than Dam 19, the area 

within Dam 20 boundary was still filled with segments. Water surface of Dam 20 was identified 

in this test. Within this test, only four dam boundaries and water surface of three dams were 

identified out of 12 dams.  

 

Increasing Profile Size to 10 and Initial Radius to 5, the MPB algorithm outcome was improved. 

Compared with the previous test, dam boundaries were outlined clearly and the water surface 

of most dams were identified. For example, the boundary of Dam 19 can be described from the 

output layer, as well as the water surface (Figure 21c). The area within the dam boundary was 

still over segmented. The boundary of eight dams and water surface of nine dams were 

identified in this test. However, there was no relationship between identified dam and dam 

attributes. None of the dams were over-segmented or slightly over. All of the dams were under-

segmented and two of them were largely under-segmented.  

20, Dam S1 20, Dam 81 
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Figure 21: Results comparison of MPB algorithm with different parameter values on aerial photograph. 21a: Original aerial 

photograph of Dam 19 and Dam 20; 21b: MPB algorithm with Profile Size = 5, Initial Radius = 2, Radius Step = 2 and 

Threshold of final decision rule = 1.0; 21c: MPB algorithm with Profile Size = 10, Initial Radius = 5, Radius Step = 2 and 

Threshold of final decision rule = 1.0.   

21a 

21b 

21c 
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3.4 Discussion  
 

3.4.1 Impact of spatial resolution  

 

Higher spatial resolution can result more detailed objects on the imagery and hence provide 

advantages in the segmentation analysis (Frauman & Wolff 2012; Mesner & Ostir 2014). 

Imagery with high spatial resolution is widely used to identify landscape classes, plant species, 

and test the accuracy of other classifications (Green et al. 1998; Everitt, Yang & Davis 2007; 

Heumann 2011; Guo et al. 2017). Mesner and Ostir (2014) and Guo et al. (2017) observed that 

as the spatial resolution of imagery decreases, the quality of segmentation results dramatically 

decreases. The result of the present study was consistent with these previous studies. 

Segmentation outcomes of all algorithms from aerial photography had higher accuracy than 

those from the PlanetScope imagery. The parameters and methods used in segmentation that 

produced the most accurate outcomes also differed between scales, as was also found by Chen 

et al. (2018). In the present study, Mean Shift Algorithm with S=1 and R=10 had the best 

segmentation result on PlanetScope satellite imagery. With S=5 and R=15, the highest 

segmentation accuracy was acquired on aerial photograph using the Mean Shift Algorithm.  

 

3.4.2 Impact of external variables  

 

Aside from spatial resolution effects, other external variables, such as landscape and 

environmental variables also impact segmentation accuracy. In the present study, shadow, 

water reflection, dam size and landscapes impacted the segmentation result in the two imagery 

types. Dam 108, Dam 109 and Dam 110 were not recognised by the Watershed Algorithm on 

the PlanetScope imagery, because of tree and hill shadow disturbance (Figure 22). In the case 

of Dam S2, one side of the boundary was clearly identified without the impact of shadow, but 

the other side was not recognised. Shadow may cause object shape distortions, which directly 

impact object recognition from the imagery (Ma, Qin & Shen 2008). Zheng, Zhng & Wang 

(2009) and Guo, Rage and Ninomiya (2013) found that shadow influences the segmentation 

result when identifying green vegetation in color imagery. Feng et al. (2016) observed that 

shadows of short buildings are likely to be isolated pixels and hence impact the classification 

result for inland water bodies at a 30-meter spatial resolution in LANDSAT imagery. They find 

that this shadow impact can be excluded by the 5-pixel filter rule, which removes high-

frequency noise and avoid missing edge pixels. However, this process might not be applicable 
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to the identification of farm dams with the 3-meter spatial resolution PlanetScope imagery. 

Dam boundaries and water surface area varied in the present study. The pixel size can be larger 

than the size of dam or water surface. If the pixel filter rule had been applied in the present 

study, small dams or small water surface may have been missed in the segmentation analysis.  

 

 

 

Figure 22: Shadow impact on dam identification with Watershed Algorithm on PlanetScope imagery.  

 

 

The segmentation accuracy was also related to the dam size. With D=0.01 and F=0.1 in the 

Watershed Algorithm, 26 dam boundaries were recognised in the PlanetScope imagery. The 

identified dam boundary had positive relationship with dam size, as a high proportion of the 
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identified dams were medium to large size. Green et al. (1998) used the 1-meter spatial 

resolution Compact Airborne Spectrographic Imager to classify mangroves classes with an 

overall accuracy of 78.2%. With the 1 m spatial resolution, site specific information on 

presented error need to be analysed from a 5*5 block of pixels. In the present study, a 5*5 

block of pixels stand for a 15m*15m area. This means that dams with surface area less than 

200 m2 may be missed.  

 

Biophysical variables, such as water surfaces, vegetation variations and density, as well as the 

complexity of wetland landscapes impact wetland land cover classification (Cline et al. 2011; 

Zhang et al. 2010). Feng et al. (2016) also argue that water depth and presence of emergent or 

floating vegetation may affect the inland water body classification accuracy. In the present 

study, the segmentation results in different landscape varied significantly (Figure 23). Well-

vegetated areas had a negative impact on the recognition of dams within the area, while 

segments were clearer in smooth and flat areas.   

 

 

Figure 23: Landscape impacts on Watershed Algorithm segmentation on PlanetScope Imagery.  
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3.4.3 Impact of algorithms  

 

Hu et al. (2014) found that the Mean Shift Algorithm was unable to identify narrow and long 

water bodies on Gao-Feng-1 imagery with 2-meter spatial resolution. The algorithm had better 

segmentation accuracy when identifying farmland and artificial features (Hu et al. 2014). 

Chehata et al. (2012) found that the Mean Shift Algorithm has a better performance in 

clustering multispectral remote sensing imagery than earlier parametric methods, but that it 

also requires intensive computation. In the present study, the Mean Shift Algorithm had better 

result on aerial photograph than PlanetScope imagery, which was consistent with previous 

studies.  

 

Zhang, Feng and Le (2008) found that using Watershed transformation to analysis multispectral 

remote sensing imagery (0.61-meter resolution QuickBird Imagery) resulted in over-

segmentation in the final segments. Usage of the Watershed Algorithm on medical imagery 

segmentation was also limited in effectiveness, due to the over-segmentation issue (Zhu et al. 

2009). In the present study, results from the Watershed Algorithm were similar to those of 

previous studies.  

 

Aytekin and Ulusoy (2011) found that the MPB Algorithm produced good results in modelling 

spatial relationships on QuickBird images. Pesaresi and Benediktsson (2001) found that MPB 

segmentation provided better shape descriptions than the classical approach. The algorithm 

also retains small significant regions in the imagery but may cause a heavy computational 

burden. Hence, a gradient-plus-Watershed approach was recommended for imagery with large 

homogeneous regions. There was an under-segmentation issue in the present study, when using 

MPB Algorithm to analysis aerial photography (Table 5). Derivaux et al. (2010) showed that 

under-segmentation may lead to misclassified and low-quality results with significant 

segmentation errors.  

 

Yahya, Tang and Hu (2013) combined the enhanced final multiscale gradient algorithm and 

markers algorithm based on the Watershed Algorithm to overcome the issue of over-

segmentation and under-segmentation. Bandara (2014) reduced over-segmentation by 

considering the color distribution of each of the segments and gained better results than the raw 

output of the Watershed Algorithm. Zhang et al. (2010) improved the Watershed Algorithm to 

avoid over-segmentation and preserve the positions of regional contours. Zhu et al. (2009) also 
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used an improved Watershed Algorithm and attained over 68% of mean reduction of local 

minima in the over-segmented imagery of regions from a MRI (Magnetic Resonance Imaging) 

brain image. In future work, an improved Watershed Algorithm should be tested to reduce 

over-segmentation and under-segmentation on larger scale aerial photographs.  

 

Digital Elevation Models (DEM) can effectively represent ground surface and accurately 

extract hydrological features, compared with traditional methods that are based on topographic 

maps or field survey (Miliaresis & Kokkas 2007; Vaze, Teng & Spencer 2010).  LiDAR DEMs 

can cover steep and shadowed areas with a high density of highly accuracy elevation 

measurements (Ravibabu & Jain 2008). Vaze, Teng and Spencer (2010) found that a 1 m 

LiDAR DEM was a good representation of the ground elevation for any detailed hydrological 

modelling exercise, while coarse resolution contour derived DEM could not extract Watershed 

details. LiDAR data are not available for most of the Orielton Rivulet sub-catchment and are 

undated. With the undated LiDAR data, no group truthing can be used to determine the 

classification accuracy. Hence, segmentation and object-based classification on high resolution 

DEM was not tested on LiDAR in the present study.  

 

3.4.4 Human cognition and automatic segmentation analysis  

 

Human visual identification of farm dams is highly labour and time-consuming, especially for 

large scale dam identification. In Chapter 2, farm dams of Orielton Rivulet sub-catchment were 

manually identified and delimited on Google Earth satellite imagery and aerial photography. 

This process was slow and required a thorough understanding of farm dam tone, shape, size 

and pattern. However, manual identification does accurately delimit the exact dam boundary 

and location. Water condition, context and their potential impact on the dam can also be 

observed.  

 

Although the present algorithm tests on PlanetScope imagery and aerial photography identified 

some or all of the dam boundaries, large number of other polygons were also created. To 

acquire the dam shape layer, all unrelated polygons would have to be eliminated. This process 

would be extremely time and labour consuming.  

 

Although segmentation analysis on aerial photograph had better outcomes than PlanetScope 

imagery in the present study, the algorithm processing time for aerial photographs was higher. 
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The average Mean Shift algorithm processing time for PlanetScope imagery was about four 

hours in the present study. With the same parameter value set and algorithm, the average 

processing time for aerial photograph was over 35 hours. Compared with PlanetScope imagery, 

aerial photography covered much smaller areas but required longer processing time. The time 

and labour required for automatic segmentation analysis of farm dams in the present study was 

much higher than that for human identification, and the accuracy was lower than human 

identification. The object-based classification result from Shaikh, Whyte and Probre (2011) 

could accurately identify dam boundaries, but they still involved visual interpretation methods 

to locate dams from the segmentation outcome.   

 

3.4.5 Conclusion  

 

The present study has tested three object-based segmentation algorithms with several 

parameters on PlanetScope satellite imagery and high-resolution aerial photographs. 

Watershed Algorithm with Depth Threshold = 0.01 and Flood Level =0.1 had the best 

segmentation result on PlanetScope imagery. Both Watershed Algorithm and Mean Shift 

Algorithm identified all dam boundaries in the aerial photographs, but they also over-

segmented and under-segmented many dams. While imagery spatial resolution impacts 

segmentation accuracy, biophysical variables, such as shadow, dam size, and surrounding 

landscape also influence the dam recognition in the segmentation analysis.  

 

The results are important in determining appropriate methods to identify dams at a large scale 

with high spatial resolution images. Though the three segmentation algorithms had limitations 

in dam recognition, it is still possible to identify dam distribution with specific segmentation 

analysis on different types of imagery. However, for dam identification in the present study, 

human cognition had better outcomes and higher efficiency than automatic segmentation 

methods.  A study of dam ecological communities follows in Chapter 4.  
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Chapter 4: Ecological communities of farm dams  
 

4.1 Introduction  
 

Modification of the environment may cause habitat loss or fragmentation (Marsh & Pearman 

1997; Lindenmayer et al. 1999). However, modified environments also have the potential to 

provide habitat for native species (Timms 1980; Casanova et al. 1997). An example of this 

potential is farm dams in an agricultural landscape. Farm dams are defined as small man-made 

shallow on-stream or off-stream storages which permanently or temporarily hold water for 

general and agriculture activities (National Water Commission 2005; De Meester et al. 2005; 

Nathan & Lowe 2012).  

 

Macrophytes, phytoplankton, macroinvertebrates, invertebrates, water beetles, dragonflies 

(Odonata), wetland plants, turtles and frogs have been sampled from farm dams (Samways 

1989; Casanova et al. 1997; Hazell et al. 2001; Céréghino et al. 2008b; Williams, Whitfield & 

Bigges, 2008; Gioria et al. 2010; Burgin & Betts 2012). Bats and water birds also use farm 

dams as foraging habitats. Farm ponds with good water quality have a higher abundance of 

macrophytes than other ponds (Casanova et al. 1997). This high abundance could stabilise 

sediment in the ponds and provide habitat for zooplankton and invertebrates (Crawford 1977; 

Timms & Moss 1984). Ponds also support a larger mean macroinvertebrate diversity and total 

diversity per site than other freshwater habitats (Williams et al. 2004; Biggs et al, 2005; 

Brainwood & Burgin 2006, 2009; Davies et al. 2008). Williams, Whitfield and Bigges (2008) 

found 165 macro-invertebrate species from about 40 new ponds in seven years monitoring in 

the UK, which accounted for approximately 20% of all UK species. Invertebrate assemblages 

in farm ponds, especially abandoned ponds, contribute to local freshwater biodiversity 

(Céréghino et al. 2008b).  

 

Physical, chemical and biological variables of ponds that affect species richness and 

composition vary by species and region.  The physical characteristics of dams that have been 

shown to affect species richness include: water depth which influences phytoplankton diversity 

in the USA (Stomp et al. 2011) and frog richness in Brazil (Queiroz, da Silva & Rossa-Feres 

2015); dam size which impacts plant species richness in the UK (Hassall, Hollinshead & Hull 

2011); dam usage which relates to the number of taxa in France, Italy and Germany (Céréghino 

et al. 2008b; Bloechl et al. 2010; Santi et al. 2010); and percentage of shading and open water 
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which correlate with species richness in various regions (Bigges et al. 2005; Joye et al. 2006; 

Bloechl et al. 2010; Hassall, Hollinshead & Hull 2011). Dam age and dam size have been 

shown to influence species composition (Bloechl et al. 2010; Santi et al. 2010; Sferra, Hart & 

Howeth 2017; De Lucca et al. 2018). Interactions between ‘percentage of shade on the water 

surface’ and ‘percentage of open water’ and species composition have also been identified 

(France 2002; Lemckert et al. 2006; Phillsbury & Miller 2008; Hassall, Hollinshead & Hull 

2011). 

 

Turbidity has been shown to be correlated with the presence of bird species in Romania 

(Dragomir, Dragomir & Murariu 2018). Turbidity also has been found to be related to plant 

species composition (Hassall, Hollinshead & Hull 2011) and invertebrate species composition 

(Santi et al. 2010).The impact of conductivity on amphibian species richness has been 

demonstrated in Canada (Hecnar & M’Closkey 1998). Phosphorous concentration has been 

shown to affect invertebrate richness and plant species richness in the UK (Hassall, Hollinshead 

& Hull 2011), although this result is not consistent with findings from the USA (McCormick, 

Shuford and Rawlik 2001). Water pH, conductivity and total water hardness related to aquatic 

beetle and water bug species composition (Bloechl et al. 2010), consistent with a relationship 

between pH and invertebrate species composition. Nitrate also has been found to be an 

important predictor for invertebrate species composition (Santi et al. 2010).  

 

Percentage of aquatic plant coverage significantly contributes to invertebrate species 

composition in the UK (Hassall, Hollinshead & Hull 2011). The number of emergent aquatic 

plant species has been found to impact invertebrate composition in Japan (Nakanishi et al. 

2014). Bank vegetation type also plays a role in determining frog composition in Australia 

(Lemckert et al. 2006). Plant species composition has been shown to be a good predictor for 

amphibian species composition in Italy (Santi et al. 2010).  

 

The present chapter investigated southeast Tasmania, on dams scattered throughout the region. 

A large study area with varied environment was expected to result in more universal results 

than if a small area had been selected.  

 

There is a good knowledge of the relationships between predictor variables and species richness 

and composition from previous studies of plants, invertebrates and frogs. Some studies have 

incorporated several predictor variables into analysis of plant and invertebrate species richness 
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and composition. However, no previous study on dams has addressed all of plant, invertebrate 

and frogs and their relationships to all of physical, chemical and biological variables. In the 

present study, the relationship of plant, invertebrate and frog species richness and species 

composition of 104 dams in southeastern Tasmania, Australia with physical, chemical and 

biological variables are determined.  

 

 

4.2 Method  
 

4.2.1 Study area and site selection  

 

The study was conducted in south-eastern Tasmania, Australia, within the Natural Resource 

Management (NRM) South region (NRM South 2018). The area of the region is about 238,000 

km2 supporting about 250,000 people. South-eastern Tasmania receives 400-800 mm annual 

rainfall and annual mean daily maximum temperatures of 15-18°C (ACE CRC 2010; BOM 

2018). There are large tracts of agricultural land in this region and grazing, fruit growing, and 

dairy farming constitute most of the agricultural activities (ABARES 2018).  

 

Dams in the region were designed for various purposes and located in very different physical 

conditions. A total of 104 dams were selected, including dams on both private and public lands. 

Private landowners who were known to have dams were invited to participant the project 

through email, mail or phone call. If landowners were willing to participate, further details 

were provided and a time arranged for sampling. Dams on public land were randomly selected.  

  

4.2.2 Field data collection  

 

Farm dams were sampled as habitat for vascular plants, frogs, aquatic invertebrates and micro-

invertebrates. As many dams as possible were visited, to enhance the chance to detect 

biodiversity changes in response to habitat differences. Each site was visited only once. 

Sampling took place between 9:00 and 16:00 between October and December in both 2016 and 

2017.  

 

At each dam, standardised survey methods were employed, taking about 30 minutes to apply. 

The first ten minutes were used to acquire detailed physical attributes, landscape context and 

history of each dam. Locations of dams were recorded with a GPS device (Garmin GPS72) 
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with an intended accuracy of 5 meters. At least four GPS points were recorded from the 

perimeter of each dam (GDA94 MGA55) to ensure a reference for further mapping and 

subsequent GIS analysis. The shape of the dam was drawn to fit all GPS points. A Google 

Earth layer (.kmz file) was prepared in this process for further GIS analysis of dams. 

 

The highest altitude (Altitude), construction time (Age), surface area (Size), maximum bank 

height (Bank Height), water depth (Depth), maximum slope (Slope), dam seasonality 

(Seasonality), construction purpose of the dam and water source were obtained from either 

field measurement or from personal communication with land owners.  

 

The highest point of the dam was measured with the GPS device and identified as the altitude 

of the dam. The construction time of the dam was determined by asking landowners. If they 

did not know, Google Earth historical imagery was used to determine the existence of the dam 

in the last ten years. If the construction time was more than or equal to ten years, the dam was 

identified as old (Age = 1), otherwise as new (Age = 0). The size (m2) of the dam was measured 

from Google Earth using the ruler toolbox. Size of dam was identified on three categories: 

small (Size = 1, when surface area < 1000 m2), medium (Size = 2, when 1000 m2 < surface 

area < 2000 m2) and large (Size = 3, when surface area > 2000 m2). The maximum bank height 

was confirmed with landowner. Otherwise, it was measured by triangulation in the field with 

tape meter and clinometer. Water depth (Depth) of dams was recorded as the current depth. 

The maximum slope of the dam (Slope) was recorded with a Suunto PM5/360PC clinometer. 

A dam was labelled as seasonal (Seasonality = 1) if the dam had completely dried at any time 

in the past five years. If the dam was constructed within the past two years, it was defaulted as 

not seasonal (Seasonality = 0).  

 

The purpose of a dam may change as a result of changes in ownership and zoning. The recorded 

dam purpose was the latest purposes in the last five years. The categories of dam purpose were 

domestic use (Domestic), stock water supply (Stock), crop/irrigation use (Crop/irrigation), 

recreation or aesthetic use (Recreation), dam that was not used (Not used) and firefighting 

water source (Firefighting). Each dam could have more than one purpose. Where there were 

multiple water sources for dams, all water sources were recorded. Water source types were 

runoff feeding (Runoff), on stream dam (Stream), spring feeding (Spring), water flow from 

other dams (Other dams), and pumped water from stream/creek/river (Pump).  
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Five minutes were spent traversing the water edge and listening to male frog calls. During this 

period, frog calls were collected with a shotgun microphone that connected to a smart phone. 

A suitable distance was kept to make sure that frogs were not disturbed. If there were any 

external disturbances, such as wind or rain, multiple recordings were obtained during the 

survey period to minimize species being missed. To minimize error, only frogs that located in 

and within 5 m of the dams were counted. Frogs in nearby bush or creeks were not counted as 

farm dam species. Frog species were also identified from tadpoles.  

 

Tadpoles, invertebrates and micro-invertebrates in the dam were collected with dip-net sweeps. 

At least five sweeps were performed at each dam, each of which covered about 1 m2 of the 

dam. Sweep sites covered all physical microhabitats of the dam, such as shadow, bare ground, 

bush or tree cover, or emergent aquatic plants. Due to access limitation, all samples were 

collected near the edge, where the water was generally 30-50 cm deep. At all sites, some sweeps 

were made through any submerged vegetation to ensure maximum species richness in the 

sample (Madalozzo et al. 2017). The maximum distance from the water edge depended on the 

length of the 1.5 m net handle and physical conditions of the dams. Physical obstacles, such as 

fences, trees, or water plants impacted the maximum distance that could be reached. The net 

reached the bottom of dams to capture any demersal species.  

 

For each sweep, all individuals were dispersed in a large shallow tray for further identification 

and collection. Small sample jars were prepared with water from the sample site. Labels were 

prepared for sample jars with sites and sample information. For each morpho-species, at least 

one individual and normally two were collected into sample jars containing 75% ethanol. Any 

adult frogs, water bugs and dragonflies seen during the survey were also recorded.  

 

Plant presence/absence data was collected with standard 1 m x 1 m tubular plastic framed 

quadrat. A quadrat was placed in each structurally distinct vegetation type. For vegetation type 

covering over 70% of the dam area, two quadrats were placed randomly. The number of sample 

points was proportional to the size and heterogeneity of dams (Shaffer et al. 1994) but was 

always ten or more, up to 20 per dam. If necessary, vegetation samples were collected for 

identification in the laboratory. 
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4.2.3 Water quality assessment  

 

Water samples were collected from the surface water at all dam sites in 100 ml plastic jars. 

Two jars of water were randomly collected from each dam. Dissolved oxygen (mg/l) and water 

turbidity (NTU) were measured in the field with Lutron DO-5509 Dissolved Oxygen Meter 

and Hanna HI 93703-11 Turbidity Meter.  

 

Directly after collection, water pH was measured with two pH meters (WTW pH320/Set-1 and 

OHAUS Starter 2100) in the laboratory at the same time to minimize error. Standard solutions 

of pH 4 and 7 were used. The probe was cleaned with deionized water before and after each 

test. Total nitrogen (mg/l) and total phosphorous (mg/l) was measured using Palintest SK500. 

Water samples were identified as extractions and therefore were ready to test. The minimum 

measurement unit for nitrogen in Palintest SK500 was 0.1 mg/l and 1 mg/l for phosphorous. 

When the reading was 0.0 or >> (out of range), the test procedure was repeated. If the reading 

was still 0.0 or >>, the result was recorded as 0.01 mg/l for nitrogen and 0.1 mg/l for 

phosphorous. The Horiba B-722 LAQUAtwin Sodium Ion meter was used to measure sodium 

(mg/l) in the water samples. Standard solutions of 150 ppm (mg/l) and 2000 ppm (mg/l) were 

used for the measurement, with a minimum measurement unit of 1 ppm (mg/l). Conductivity 

of the water was measured with WTW LF320 conductivity meter, with a minimum 

measurement unit of 1 µS/cm.  

 

4.2.4 Data analysis  

 

The relative significance of environmental variables (both physical and chemical) that impact 

ecological community groups among dam sites was assessed using multivariate statistical 

analysis. The assumptions of the parametric tests were assessed before use. Ordination was 

used to reduce dimensionality of the data (Buja et al. 2007). Multidimensional scaling (MDS) 

was performed to ordinate species composition data in four dimensions using the default option 

in DECODA (Database for Ecological Community Data) (Minchin 1990). Species which 

occurred in less than two samples were excluded. The rest of the species were used to compute 

dissimilarities among the samples. Ten starting configurations were generated with uniform 

random coordinates. This ordination method was selected because the species data contains 

large number of zeros. Other methods, such as those in the factor analysis family, result in a 
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poor fit to such data (Welsh et al. 1996; Fletcher, Mackenzie & Villouta 2005; Yee & Dirnbock 

2009; Dorazio, Gotelli & Ellison 2011).  

 

Vector fitting was used to determine relationships between environmental variables and the 

ordination space. Linear vectors for environmental variables (altitude, size, depth, age, 

seasonality, bank height, slope, runoff, stream, spring, other dams, pump, domestic, stock, 

crop/irrigation, recreation, dam not used, firefighting, pH, turbidity, conductivity, dissolved 

oxygen, nitrogen, phosphorous, sodium) were fitted into the four-dimensional scaling 

ordination space. One thousand random permutations were used to determine the significance 

of the linear fitting. The first two axes of the ordination were used to draw scatter charts of 

relationship between environmental variables and MDS results.  

 

The ordination scores were used as the input to an agglomerative classification in Minitab 18 

(Minitab 2017). This classification used Euclidean distance with Ward’s method. Ward’s 

method averages distance values on fusion rather than averaging the species values. It therefore 

avoids problems with chaining that result from averaging. The number of groups were selected 

by finding large increment of error between steps. With less than nine clusters, there was a 

dramatic increase in error. Percentage frequency of indicator species in groups was also 

determined. Indicator species were defined as species with greater than 50% frequency in a 

group that had their highest or second highest percentage frequency in that group.  

 

One-way ANOVA analysis of cluster groups and all continuous variables were conducted to 

determine if the differences between the means were significant (p < 0.05). Equal variances 

were assumed in this analysis. The Turkey method with 95% confidence was used to determine 

the significance of variation between cluster groups.  

 

Multiple-regression analyses between species richness variables and other variables were 

conducted in Minitab 18. Best subset regression was used to determine the set of continuous 

environmental variables (altitude, depth, bank height, pH, turbidity, conductivity, dissolved 

oxygen, nitrogen, phosphorous and sodium) that best predicted each of species richness 

variables (vegetation richness, frog richness and invertebrate richness and each of the scores 

on the MDS axes). Categorical variables (size, age, seasonality, slope, runoff, stream, spring, 

other dams, pump, domestic, stock, crop/irrigation, recreation, dam not used and firefighting) 

were then fitted into General Linear Model (GLM) in various combinations with the continuous 



 70 

variables selected at the previous stage. The GLM selected had the highest R2 with the slope 

of all variables significant. A constellation diagram was drawn to show all the significant 

relationships between variables.  

 

 

4.3 Results  
 

4.3.1 Environmental variables  

 

Physical conditions varied between dams. Most dams were non-seasonal small dams that were 

built more than ten years ago. The majority of dams were runoff-fed and designed for domestic 

use, stock water supply and/or irrigation (Table 6). Dam altitude varied from 4 m to 276 m, 

with a mean of 91.5 m (Table 7). Dams were seldom full to designed depth. Some dams were 

almost empty at the time of measurement. Designed bank height of all dams was less than five 

meters. Some dams were designed with lower banks for aesthetic reasons. Most dams were on 

flat areas or gentle slopes.  

 

The majority of dams did not meet the water quality assessment criteria from DPIW (2008). 

Reaction (pH) of dam water ranged from 6.5 to 8.9. The minimum nitrogen concentration of 

dam water was as low as 0.01 mg/l and the maximum was 15.2 mg/l, with a mean of 1.5 mg/l. 

Phosphorous concentrations ranged from 0.1 mg/l to 31.0 mg/l, with a mean value of 4.1 mg/l. 

Water turbidity, conductivity and sodium exhibited the greatest variation between dams. 

Turbidity ranged from 0.5 NTU, which was close to drinking water quality to about 1000 NTU 

which was extremely cloudy water. Conductivity and sodium in some dams were over 2000 

µS/cm and 2000 ppm, while in other dams they could as low as 24.5 µS/cm and 7.0 ppm.  
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Table 6: Counts and frequencies of all categories of dam physical parameters, include size, age, seasonality, dam purposes 
and dam water sources. 

 

Variable Categories Frequencies % 

Size 1 (<1000m2) 73 70.192 

  2 (<2000m2) 16 15.385 

  3 (>2000m2) 15 14.423 

Age 0 (<10 years) 11 10.577 

  1 (>10 years) 93 89.423 

Seasonality 0 (Not Seasonal) 83 79.808 

  1 (Seasonal) 21 20.192 

Runoff 0 (No runoff water) 19 18.269 

  1 (Runoff feed) 85 81.731 

Stream 0 (Off stream) 88 84.615 

  1 (On Stream) 16 15.385 

Spring 0 (Not spring feed) 94 90.385 

  1 (Spring feed) 10 9.615 

Other dams 0 (No neighbour dam) 97 93.269 

  1 (Water from other dams) 7 6.731 

Pump 0 (No pumping water) 102 98.077 

  1 (Pump water from creek) 2 1.923 

Domestic 0 (Not for domestic use) 72 69.231 

  1 (Domestic use) 32 30.769 

Stock 0 (Not for stock use) 72 69.231 

  1 (Stock water supply) 32 30.769 

Crop/Irrigation 0 (Not for crop/irrigation) 80 76.923 

  1 (For crop or garden) 24 23.077 

Recreation 0 (Not for recreation use) 96 92.308 

  1 (Recreational purpose) 8 7.692 

Not used 0 (Currently used) 95 91.346 

  1 (Dam not in use) 9 8.654 

Firefighting 0 (Not firefight water source) 100 96.154 

  1 (Firefighting water source) 4 3.846 
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Table 7: Minimum values, maximum values, mean values and standard deviation of dam altitude, water depth, bank height, 
dam slope, and water quality parameters. 

 

Water depth was positively related to bank height, dam size, spring feed dams, dams that used 

for crop/irrigation, and dams that depend on other dams as water source (Figure 24). Water 

depth was negatively related to turbidity, nitrogen, dam age, seasonality and dams not in use. 

Bank height was positively related to nitrogen, dam size, and dams used for crop/irrigation and 

negatively related to conductivity, sodium and seasonality. Slope was negatively related to by 

pH and dam size and positively related to turbidity, nitrogen, phosphorous and seasonality. 

There was a positive connection between altitude and conductivity and between altitude and 

sodium. A negative relationship was found between altitude and stock dams.  

 

Turbidity had positive connections with nitrogen, phosphorous, seasonality and stock dams. 

Water pH was negatively related to nitrogen and positively related to conductivity and sodium. 

Nitrogen was positively affected by phosphorous, seasonality and stock dams. There was a 

positive relationship between conductivity and sodium and between phosphorous and 

seasonality.  

 

Runoff fed dams had negative relationship with on stream dams and spring fed dams. On 

stream dams were positively related to dams that depend on other dams as water source. Spring 

fed dams were positively affected by stock dams and dams that depend on other dams as water 

Variable Minimum Maximum Mean Std. deviation 

Altitude (m2) 4.0 276.0 91.5 71.4 

Depth (m) 0.1 5.5 2.1 1.2 

Bank Height (m) 0.5 5.0 2.5 0.9 

Slope (%) 1.0 10.0 3.9 1.9 

pH 6.5 9.0 7.2 0.4 

Turbidity (NTU) 0.5 964.0 62.4 154.9 

Conductivity (µS/cm) 24.5 2600.0 178.1 341.4 

Dissolved oxygen (mg/l) 1.3 10.9 5.9 1.9 

Nitrogen (mg/l) 0.0 15.2 1.5 2.7 

Phosphorous (mg/l) 0.1 31.0 4.1 5.8 

Sodium (ppm) 7.0 2100.0 118.8 268.9 
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source. Dams that depend on other dams as water sources had positive connections with stock 

dams and dams dependent on pumping water from other water sources.  

 

Domestic dams had negative relationship with stock dams, dams were that used for 

crop/irrigation, dams not in use and recreational dams. Stock dams had negative relationship 

with recreational dams and dams that not in use. There was a positive relationship between 

recreational dams and firefighting dams.  

 

 

Figure 24: Significant relationships (P < 0.05) from correlation analysis between environmental variables. Blue line stands for 
negative relationship. Red line stands for positive relationship.  
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4.3.2 Species richness and species composition  

 

Two hundred and sixty-one taxa were observed from the 104 dams. They included 114 

invertebrate taxa, six frog taxa and 141 vascular plant taxa. Most of the invertebrate species 

were identified to family or genus, and a limited number of taxa to species. All frog taxa and 

most vascular plant taxa were identified to species level.  

 

As species that occurred in less than two samples were excluded, 180 taxa, consisting of 89 

macro-invertebrate taxa, five frog species, and 86 vascular plant taxa were used in the MDS. 

The scree diagrams (Figure 25) indicated a four-dimensional solution for all species (Minimum 

stress = 0.182), invertebrate (Minimum stress = 0.168), and vascular plants (Minimum stress = 

0.147), and a two-dimensional solution for frog species (Minimum stress = 0.043).   

 

The species composition for all taxa was related to dam altitude, water depth, age, bank height, 

spring feed, conductivity, dissolved oxygen and sodium concentration (Figure 26). Invertebrate 

species composition was related to dam altitude, water depth, age, bank height, dam not used 

and frog species composition (Figure 27). Dam altitude, age, seasonality, bank height, slope, 

stock water supply, recreation use, firefighting use, conductivity, sodium concentration and 

frog species composition were significantly linearly related to vascular plant species 

composition (Figure 28). There were no environmental variables that related to frog species 

composition. Figure 29 shows all the significant relationship between environment variables 

and the species composition of taxa.  

 

The variables that contributed most to the variation in all taxa composition were depth, bank 

height, dissolved oxygen, altitude and age (Table 8). While dissolved oxygen was not a 

significant variable, stream feeding of dams affected invertebrate taxa composition. Vascular 

plant taxa composition was impacted by bank height, slope, age, seasonality, domestic use, 

recreational dam, not used dam, altitude and firefighting dam.  
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Figure 25: Minimum stress of multi-dimensional scaling (MDS) for all species, invertebrates, frogs and vegetation. 
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Table 8: Attributes of GLM for the significant variables in each axis of MDS all taxa (MDS All), MDS invertebrate taxa (MDS 
Inv) and MDS vascular plant taxa (MDS Plant). 

 

Axis 1 Axis 2 Axis 3 Axis 4

P-Value <0.001 * * *

F-Value 19.14 * * *

P-Value <0.001 * * *

F-Value 43.47 * * *

P-Value 0.001 0.045 * *

F-Value 12.36 4.14 * *

P-Value * * * <0.001

F-Value * * * 34.46

P-Value * * * 0.005

F-Value * * * 8.23

38.45 3.9 * 28.81

Axis 1 Axis 2 Axis 3 Axis 4

P-Value 0.004 * * *

F-Value 8.76 * * *

P-Value 0.002 * * *

F-Value 9.75 * * *

P-Value 0.008 * * *

F-Value 7.34 * * *

P-Value 0.045 * * *

F-Value 4.12 * * *

P-Value * * 0.027 *

F-Value * * 5.01 *

23.98 * 4.69 *

Axis 1 Axis 2 Axis 3 Axis 4

P-Value 0.013 <0.001 * *

F-Value 6.35 31.92 * *

P-Value 0.003 * * *

F-Value 9.56 * * *

P-Value 0.013 * * *

F-Value 6.38 * * *

P-Value 0.008 * * *

F-Value 7.25 * * *

P-Value 0.009 * * *

F-Value 7.01 * * *

P-Value <0.001 * * *

F-Value 13.75 * * *

P-Value 0.012 * * *

F-Value 6.55 * * *

P-Value * 0.002 * *

F-Value * 10.39 * *

P-Value * <0.001 * *

F-Value * 22.20 * *

31.97 38.92 * *
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Three frog species had significant relationships with one or more environmental variables 

(Tables 9). Presence of Crinia signifera was positively affected by water depth. Bank height 

had a negative relationship with the presence of Crinia tasmaniensis in the dams. Both 

dissolved oxygen and nitrogen concentration had negative relationship with the presence of 

Litoria ewingii (Table 9).  

 

Table 9: ANOVA analysis of individual frog species and continuous environmental variables 

 
Crinia signifera 

 
F-Value P-Value DF R-Sq (%) 

Depth 9.15 0.003 1 8.23 

 
Crinia tasmaniensis 

 
F-Value P-Value DF R-Sq (%) 

Bank Height 3.93 0.050 1 3.71 

 
Litoria ewingii 

 
F-Value P-Value DF R-Sq (%) 

Dissolved 

oxygen 

10.58 0.002 1 9.40 

Nitrogen 4.69 0.033 1 4.40 
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Figure 26: Vector fitting results for all species. The first two axes are shown. 
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Figure 27: Vector fitting results for invertebrate species. The first two axes are shown.  
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Figure 28: Vector fitting results for plant species. The first two axes are shown.  



 81 

 

Figure 29: Significant relationships between environmental variables and MDS results.
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Cluster analysis (Figure 230) based on all species produced nine groups (Table 10 and 11). 

Cluster 1 (named as “Tall rush - Mite” group) was best characterised by Acaena novae-

zelandiae (79.17%), Juncus procerus (75%), Acarina sp. 1 (62.5%), and Pseudophryne 

semimarmorata (8.33%). It had lower mean frog richness than Clusters 3 and 5. It also had 

lower mean vascular plant species than Cluster 6. Mean depth of Cluster 1 had no significant 

difference with other groups, while mean pH, conductivity and sodium concentration was 

lower than Cluster 6. Its mean bank height was higher than Clusters 3 and 6. It also had a 

significant lower mean phosphorous concentration than Cluster 9.  

 

Cluster 2 (named as “Water boatmen” group) was best described by Sigara sp. 1 (100%). This 

group was similar to Cluster 1, which also had lower mean frog richness than Clusters 3 and 5 

and lower mean plant richness than Cluster 6. It had lower mean height than Cluster 4. Mean 

depth, pH, conductivity, phosphorous and sodium concentration of Cluster 2 did not differ from 

other groups.  

 

Cluster 3 (named as “Weed – Froglet” group) was best characterised by Sigara sp. 1 (100%), 

Anisops sp. 1 (100%), Lolium perenne (66.67%), Anagallis arvensis (55.56%), Bromus 

diandrus (55.56%), and Cirnia signifera (55.56%). It had higher mean frog richness than 

Clusters 1, 2 and 9 and lower mean plant richness than Cluster 6. The mean depth, pH, 

conductivity, phosphorous and sodium concentration of Cluster 3 had no significant difference 

with other groups. However, it had a lower mean bank height than Cluster 4. 

  

Cluster 4 (named as “Backswimmer” group) was best characterised by Anisops sp. 1 (100%). 

It had a lower mean frog richness than Cluster 5, while mean plant richness, water depth and 

pH was not significantly differ from other groups. Mean bank height of Cluster 4 was higher 

than Clusters 2, 3 and 6. It also had lower water conductivity and sodium concentration than 

Cluster 6 and lower phosphorous concentration than Cluster 9.  

 

Cluster 5 (named as “Frog - sideswimmer” group) was best characterised by Litorua ewingii 

(100%), Austrochiltonia sp. 1 (90%), Lymnaeidae sp. 1 (50%), Medicago polymorpha (50%), 

Limnodynastes dumerilii insularis (20%), and Limnodynastes tasmaniensis (10%). It had 

higher mean frog richness than Cluster 1, 2, and 9, and lower mean plant richness than Cluster 

6. There were no significant differences between Cluster 5 and other groups on mean water 
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depth, bank height, pH, conductivity and phosphorous concentration. Cluster 5 had lower mean 

sodium concentration than Cluster 6.  

 

Cluster 6 (named as “Weed – backswimmer” group) was best described by Anisops sp. 2 

(66.67%), Anthoxanthum odoratum (66.67%), Holcus lanatus (66.67%), Eleocharis 

sphacelata (58.33%), Austrolestes sp. (50%), Juncus amabilis (50%), Typha orientalis (50%), 

and Crinia tasmaniensis (25%). Mean frog richness of Cluster 6 had no differences with other 

groups, while mean plant richness was higher than Clusters 1, 2, 3, 5 and 8. It also had lower 

mean water depth than Cluster 7, lower mean bank height than Clusters 1 and 4, and lower 

mean phosphorous concentration than Cluster 9. On the other hand, the mean pH of Cluster 6 

was higher than for Clusters 1 and 8. It also had higher mean water conductivity than Clusters 

1, 4 and 8, and higher mean sodium concentration than Clusters 1 and 6.  

 

Cluster 7 (named as “Spikesedge” group) was best characterised by Eleocharis acuta (81.82%). 

Mean frog richness, plant richness, pH, conductivity, phosphorous and sodium concentration 

in Cluster 7 did not differ from those of other groups. It had higher mean water depth than 

Cluster 6 and a lower mean bank height than Cluster 4.  

 

Cluster 8 (named as “Caddisfly – bracken” group) was best described by Leptoceridae sp. 1 

(87.5%), Culicidae sp. 1 (62.5%), and Pteridium esculentum (62.5%). Mean frog richness, 

water depth and bank height of Cluster 8 did not differ from other groups. It had lower mean 

plant richness, pH, conductivity and sodium concentration than Cluster 6. Mean phosphorous 

concentration of Cluster 8 was also lower than that of Cluster 9.  

 

Cluster 9 (named as “Pea shell – plantain” group) was best characterised by Pisidium sp. (80%), 

Plantago lanceolata (80%), and Neoplea sp. 1 (60%). It had lower mean frog richness than 

Clusters 3 and 5. Mean plant richness, water depth, bank height, pH, conductivity and sodium 

concentration did not differ from other groups. Cluster 9 had higher mean phosphorous 

concentration than Clusters 1, 4, 6 and 8.   
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Figure 30: Cluster analysis of dams using the ordination scores for all taxa.  
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Table 10: Percentage frequency of invertebrate, vascular plant and frog species of nine cluster groups. Invertebrate and 

vascular plant species that only found in one cluster group are listed. Dark green cells were the highest percentage among 

all cluster groups. Light green cells were the second highest percentage among all cluster groups.  

 

Table 11: Mean values and Tukey grouping of variables that were significantly different between cluster groups. Figures in 

rows with the same letter are identical at P > 0.05.   

 

 

 

  

Invertebrate Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 Cluster 7 Cluster 8 Cluster 9

Acarina Sp.1 62.50% 50.00% 11.11% 45.45% 10.00% 8.33% 36.36% 25.00% 0.00%

Sigara Sp.1 41.67% 100.00% 100.00% 9.09% 30.00% 91.67% 63.64% 62.50% 0.00%

Anisops Sp. 1 58.33% 78.57% 100.00% 100.00% 80.00% 50.00% 81.82% 87.50% 40.00%

Austrochiltionia Sp1 16.67% 28.57% 44.44% 63.64% 90.00% 25.00% 72.73% 37.50% 0.00%

Lymnaeidae sp1 4.17% 14.29% 0.00% 36.36% 50.00% 8.33% 45.45% 0.00% 0.00%

Anisops Sp.2 54.17% 7.14% 22.22% 9.09% 20.00% 66.67% 36.36% 50.00% 0.00%

Austrolestes sp 0.00% 0.00% 0.00% 0.00% 0.00% 50.00% 0.00% 0.00% 20.00%

Culicidae sp1 12.50% 7.14% 11.11% 9.09% 10.00% 0.00% 0.00% 62.50% 0.00%

Leptoceridae Sp.1 50.00% 7.14% 0.00% 0.00% 0.00% 0.00% 0.00% 87.50% 20.00%

Neoplea Sp1 25.00% 14.29% 0.00% 27.27% 0.00% 8.33% 18.18% 12.50% 60.00%

Pisidium Sp. 20.83% 7.14% 0.00% 0.00% 10.00% 16.67% 0.00% 0.00% 80.00%

Vascular Plant Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 Cluster 7 Cluster 8 Cluster 9

Acaena novae zelandiae 79.17% 14.29% 0.00% 36.36% 60.00% 41.67% 9.09% 25.00% 60.00%

Juncus procurus 75.00% 7.14% 0.00% 72.73% 50.00% 16.67% 18.18% 37.50% 40.00%

Lolium perenne 4.17% 28.57% 66.67% 0.00% 0.00% 25.00% 54.55% 0.00% 0.00%

Anagallis arvensis 8.33% 14.29% 55.56% 0.00% 40.00% 41.67% 45.45% 25.00% 20.00%

Bromus diandra 0.00% 0.00% 55.56% 9.09% 0.00% 8.33% 9.09% 0.00% 0.00%

Medicago polymorpha 29.17% 14.29% 11.11% 18.18% 50.00% 8.33% 18.18% 12.50% 0.00%

Anthoxanthum odoratum 50.00% 64.29% 11.11% 45.45% 40.00% 66.67% 9.09% 62.50% 0.00%

Eleocharis sphacelata 8.33% 21.43% 0.00% 9.09% 0.00% 58.33% 18.18% 0.00% 0.00%

Holcus lanatus 0.00% 14.29% 0.00% 9.09% 0.00% 66.67% 36.36% 0.00% 40.00%

Juncus amabilis 8.33% 14.29% 0.00% 45.45% 10.00% 50.00% 45.45% 0.00% 20.00%

Typha orientalis 29.17% 28.57% 0.00% 0.00% 0.00% 50.00% 9.09% 12.50% 20.00%

Eleocharis acuta 0.00% 14.29% 44.44% 9.09% 20.00% 66.67% 81.82% 0.00% 0.00%

Pteridium esculentum 25.00% 0.00% 22.22% 9.09% 0.00% 8.33% 0.00% 62.50% 0.00%

Plantago lanceolata 58.33% 28.57% 0.00% 72.73% 10.00% 25.00% 9.09% 0.00% 80.00%

Frog Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 Cluster 7 Cluster 8 Cluster 9

Pseudophryne semimarmorata 8.33% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

Cirnia signifera 8.33% 14.29% 55.56% 27.27% 30.00% 16.67% 54.55% 0.00% 20.00%

Litoria ewingii 20.83% 7.14% 77.78% 27.27% 100.00% 58.33% 27.27% 75.00% 0.00%

Limnodynastes dumerilii insularis 16.67% 14.29% 0.00% 9.09% 20.00% 8.33% 9.09% 0.00% 0.00%

Limnodynastes tasmaniensis 0.00% 0.00% 0.00% 0.00% 10.00% 0.00% 0.00% 0.00% 0.00%

Cirnia tasmaniensis 0.00% 0.00% 0.00% 0.00% 0.00% 25.00% 9.09% 0.00% 0.00%

Variable 1 2 3 4 5 6 7 8 9 F-Value P-value

Frog richness 0.542 B 0.357 B 1.333 AC 0.636 BC 1.600 A 1.083ABC 1.000 ABC 0.750 ABC 0.200 B 4.610 0.000

vegetation richness 7.853 B 7.571 B 6.333 B 8.273 AB 6.800 B 10.583 A 8.545 AB 6.500 B 7.400 AB 3.360 0.002

Depth 2.188 AB 1.636 AB 2.722 AB 2.409 AB 2.550 AB 1.542 B 2.909 A 1.638 AB 1.400 AB 2.320 0.025

Bank Height 2.875 AC 2.286 BC 1.667 B 3.318 A 2.600 ABC 2.000 B 2.136 BC 2.688 ABC 2.600 ABC 4.160 0.000

pH 7.083 B 7.232 AB 7.103 AB 7.215 AB 7.297 AB 7.508 A 7.451 AB 7.016 B 7.194 AB 2.270 0.029

Conductivity 66.5 B 180.7 AB 199.2 AB 105.8 B 135.8 AB 514.0 A 259.6 AB 65.3 B 107.2 AB 2.280 0.028

Phosphorous 2.900 B 6.460 AB 3.667 AB 1.764 B 4.730 AB 2.692 B 4.180 AB 3.300 B 12.220 A 2.170 0.037

Sodium 34.96 B 116.10 AB 133.00 AB 50.60 B 78.60 B 393.00 A 180.50 AB 33.13 B 78.80 AB 2.390 0.022

Cluster Group (Mean/Grouping)
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In the best model, total species richness was positively related to water depth but negatively to 

turbidity. It was higher in dams with deep and clean water (Total richness = 16.452 – 0.01103 

Turbidity + 0.729 Depth, r2 = 19.59%, P < 0.001).  

 

Invertebrate species richness had a negative relationship with phosphorous concentration and 

turbidity and a positive relationship to firefighting dams. Invertebrate richness was most 

strongly influenced by firefighting dams (F = 4.79, DF = 1, P = 0.031, r2 = 4.48%).  

 

In the best model, vascular plant species richness was positively related to dam size and 

phosphorous concentration but negatively to turbidity and seasonality. It was higher in non-

seasonal dams with medium to large surface area. Higher phosphorous concentration and lower 

turbidity may also lead to a higher plant species number. When Size =1 and Seasonality = 1, 

together all the significant variables explained 34.19% of the variation for vascular plant 

species richness (Table 12, Plant richness = 5.958 – 0.007 Turbidity + 0.1456 Phosphorous, P 

< 0.001).  

Table 12: Coefficients of general linear model for vascular plant species richness, turbidity, phosphorous, size and seasonality.  

 

In the best model, conductivity and bank height had a negative relationship to frog species 

richness, while water depth had a positive connection to frog richness (Frog richness = 1.189 

+ 0.2033 Depth -0.2944 Bank Height – 0.000441 Conductivity, r2 = 15.10%, P < 0.001).  

Term Coef SE Coef T-Value P-Value 

Constant 7.982 0.372 21.46 0.000 

Turbidity  -0.00700 0.00195 -3.59 0.001 

Phosphorous 0.1453 0.0502 2.90 0.005 

Size     

1 -1.320 0.310 -4.25 0.000 

2 0.701 0.409 1.71 0.090 

Seasonality     

1 -0.705 0.285 -2.48 0.015 

 



 87 

4.4 Discussion  
 

4.4.1 Environmental variables  

 

Dams with deep water were not expected to easily dry, when compare with shallow dams. The 

negative relationship between water depth and turbidity in the present study was consistent 

with the result from Howick and Wilhm (1985) in the USA. The relationship between water 

depth and nitrogen in the present study was consistent with the result from Coppens et al. (2016) 

who found that total nitrogen loss was highest in deep water. On the other hand, the 

relationships between water depth and dam size, age, water sources and dam usage were hard 

to explain.  

 

Bank height of dams was not found to be as important variable as in previous research. It is the 

designed maximum depth for the dam, which is not always reached. With increased bank height, 

the maximum depth was also expected to increase. Hence, the negative relationship between 

bank height and seasonality was expected. However, nitrogen was positively related to bank 

height, which was different to the relationship between nitrogen and water depth.  

 

Dam slope may affect soil nutrient loss and hence impact on the nutrient concentration, pH and 

turbidity of dam water. The relationships between soil slope and water nitrogen and water pH 

were not found in previous studies. The positive relationship between slope and phosphorous 

in the present study was consistent with the result from Ahuja, Sharpley and Lehman (1982). 

In the present study, dam size declined with increased slope. This may due to the control of 

potential hazard risks from dams.  

 

The correlation between altitude and conductivity in the present study was consistent with 

previous research from Wilcox, Holland and McDougald (1956). They found that with 

decreased elevation, increased conductivity was found in both stream water and seepage water.  

 

The positive relationship between nitrogen and turbidity in the present study has been observed 

in the Bowen River Sub-catchment, Australia (Bainbridge et al. 2006). Phosphorous 

concentration has previously been suggested to be positively related to turbidity, as in the 

present study (Christense et al. 2006; Meozzi 2011). Bloechl et al.’s (2010) research showed 

that pH was related to conductivity, which was also found in the present study. Increased 
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phosphorous concentration was found to relate to increased nitrogen concentration in wheat 

(Ziadi et al. 2008), but no relevant research has been done in freshwater as in the present study.  

 

Relationships between water chemical variables, dam usage and water sources of dams were 

complicated. Dams could have one or more water sources, designed with more than one 

purpose, and be in various landscapes. All these variables would have potential impact on the 

chemical attributes. The significant correlations between stock dams and altitude, turbidity, 

and nitrogen were hard to explain through a single variable related to water source.   

 

4.4.2 Species richness  

 

Turbidity predicted invertebrate taxa, such as Coleoptera sp. and Hemiptera sp. in the UK 

(Hassall, Hollinshead & Hull 2011). Turbidity was also associated with lower 

macroinvertebrate species richness in Japan, which was consistent with the present study (Usio 

et al. 2017). Water depth was suggested as having significant impact on phytoplankton 

diversity in lakes (Stomp et al. 2011), dragonfly species richness in ponds in South Africa 

(Deacon et al. 2018) and frog richness in ponds in Brazil (Queiroz, da Silva & Rossa-Feres 

2015). In the present study, correlations were found between water depth and both total species 

richness and frog species richness. Frog abundance also has a significant correlation with water 

depth (Lemckert et al. 2006). Although chemical variables play only a minor part in affecting 

amphibian species richness (Hecnar and M’Closkey 1996), conductivity had a significant 

negative impact on amphibian species richness in southweatern Ontario, Canada (Hecnar & 

M’Closkey 1998). Hassall, Hollinshead and Hull (2011) found that high plant species richness 

was related to large pond size with no drying history. Pond size also had a positive relationship 

with species richness and complexity (Oertli et al. 2002; Drakare, Lennon & Hillebrand 2006; 

Deacon et al. 2018; Dragomir, Dragomir & Murariu 2018). Plant species richness was also 

higher with higher phosphate concentration (Hassall, Hollinshead & Hull 2011). These 

relationships were similar to those of the present study.  

 

Dams designed for firefighting purposes were associated with open water with less tree shading 

and were not used for stock or irrigation. Unused dams in France had a higher number of taxa 

than those used by stock (Céréghino et al. 2008b). Insect species richness in ponds in South 

Africa had a positive relationship with vegetation cover (Briggs et al. 2019). Shading 

negatively impacts species richness (Biggs et al. 2005; Joye et al. 2006; Hassall, Hollinshead 
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& Hull 2011), while open water has a positive relationship with the richness of invertebrate 

and beetle species (Bloechl et al. 2010). Hence, firefighting dams would tend to have more 

invertebrate species. The negative relationship between phosphorous concentration and 

invertebrate richness in the present study consistent with the result of previous studies 

(McCormick et al. 2001; McCormick, Shuford & Rawlik 2001).    

 

4.4.3 Species composition  

 

Percentage of shade on the water surface and water permanence were found to be significant 

influence on plant species composition in UK ponds (Hassall, Hollinshead & Hull 2011). This 

result was consistent with the present study which identified ‘seasonality’ and ‘firefighting’ 

(dam designed for firefighting with more open water and little shading) as predictors of plant 

composition. The permanence of water in dams was also recognized as an important variable 

by Gioria et al. (2010) in Ireland. Hassall, Hollinshead and Hull (2011) found that turbidity 

predicted plant species composition, in contrast to the present study. Gioria et al. (2010) found 

that water depth and pond domain substratum (clay/mud or gravel) contributed to plant species 

composition. Pond domain substratum was not used as a predictor variable in the present study, 

while water depth also had no relationship with plant species composition. Other predictor 

variables for plant species composition that were found to be significant in the present study 

but were not significant or not measured in previous studies were slope, stock water supply, 

recreational dam, sodium concentration, conductivity, dam age, bank height and altitude.  

 

Bloechl et al. (2010) showed that pond age, pond area, percentage of open water and water pH 

best explain invertebrate composition in Germany. The only consistent variable within the 

results of the present study is dam age. This result was also consistent with Sferra, Hart and 

Howeth (2017), who found that pond age contributes to local zooplankton species richness and 

has weak but significant effects on community composition in the USA. On the other hand, 

dams that were not in use, which normally have a higher percentage of aquatic plant coverage 

and lower open water than other types of dam, significantly contributed to invertebrate species 

composition in the present study, similar to the significance of percentage of open water in 

ponds (Bloechl et al. 2010) and the percentage of plant cover from Hassall, Hollinshead and 

Hull (2011). Hassall, Hollinshead and Hull (2011) also found percentage of shade and water 

permanence to be significantly related to invertebrate species composition.  
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Bloechl et al. (2010) found that both aquatic beetle species composition and water bug species 

composition were strongly correlated with water pH, conductivity and total water hardness. 

Water hardness was not measured in the present study. The pH and conductivity of dams did 

not relate to invertebrate composition in the present study. The results of Bloechl et al. (2010) 

were also different from those of Gioria et al. (2010), who demonstrated that water depth and 

dam substratum were predictors for the species composition of water beetles. A different result 

was also obtained from irrigation ponds in Japan (Nakanishi et al. 2014), where pond perimeter, 

percentage of concrete revetment and number of emergent aquatic plant species were 

significant predictors of aquatic insect composition. Altitude was found to be a significant 

predictor for invertebrate species composition in Italy (Santi et al. 2010), who found that 

turbidity, pond area, pasture presence and nitrate were also important predictors for 

invertebrate species composition, again different from the present study.  

 

No variables were found to be significantly related to frog species composition in the present 

study, while frog species composition predicted invertebrate species composition and plant 

species composition. No previous studies have reported similar results. The predator-prey 

relationships between larvae and adult of invertebrate and frogs have been well studied 

(Caldwell, Thorp & Jervey 1980; Chivers & Mirza 2001; Beard et al. 2003; Wilson, Seymour 

& Williams 2014). Predator-prey relationships may explain the relationship between frog 

species composition and invertebrate specie composition. Emergent vegetation is significant in 

explaining frog species presence and richness (Hazell et al. 2001; Jansen & Healey 2003). 

Whiles et al. (2006) found that a decreased amphibian population affects algal community 

structure and primary production. Hence, the relationship in the present study between frog 

species composition and plant species composition was expected.  

 

Only six frog species were found from the 104 dams. There are only eight frog species in 

southeast Tasmania. Some species are only found in very limited locations (DPIPWE 2014), 

whereas some other frog species are widely tolerant to environmental conditions (Kearney, 

Byrne & Reina 2012). The species richness of dams only varied from zero to three, and only 

one dam was found to have three species. There may be a high degree of variation in the 

abundance of individual frog species in dams in the study area, or the limited sampling period 

may have influenced results.  
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Lemckert et al. (2006) found that pond frog species composition in New South Wales, Australia 

was significantly impacted by shade percentage, bank vegetation type, dam surface area and 

percentage of bare ground around the dam. Surface area was also a major factor affecting frog 

species composition in Brazil (De Lucca et al. 2018). Another environmental variable that is 

identified as significant for frog species composition is vegetation cover of the water surface 

(France 2002; Pillsbury & Miller 2008). Plant species composition and pond area were also 

found to be good predictors for amphibian composition (Santi et al. 2010).  

 

Aside from frog species composition, all the other composition variables were predicted by 

many variables. There were eleven predictors for plants, eight for macro-invertebrate and 

twelve for all species. The number of predictors is much higher than in previous research, 

which normally has included no more than six significant variables (Lemckert et al. 2006; 

Bloechl et al. 2010; Gioria et al. 2010; Santi et al. 2010; Hassall, Hollinshead & Hull 2011). 

Only Santi et al. (2010) in Italy identified eight predictors for aquatic insect composition. Some 

variables that were used in the present study were not included or measured in other research. 

For instance, bank height, dam water source and designed dam purpose were not included in 

previous studies. Santi et al. (2010) measured the percentage cover of land use types, such as 

pastures or shrublands, in a 200 m radius from the dams. Only the pasture variable is close to 

one of the dam purposes (stock water supply) in the present study. Bloechl et al. (2010) also 

include the extent of pasture usage (intensive, extensive or none), but still only for stock. Water 

sources for dams are not identified as variables that potentially impact species richness and 

composition in previous studies.  

 

4.4.4 Conclusion  

 

The present study has identified some of the significant relationships between plant, 

invertebrate and frog species and environmental variables. Non-seasonal dams with a large 

surface area, high phosphorous concentration and low turbidity may have higher number of 

plant species. There is also a higher chance of finding more weed and Austrolestes species in 

these dams. Dams that were designed for firefighting purpose with low turbidity and low 

phosphorous concentration had more invertebrate species. Although frog species composition 

was not predictable from any of the variables in the present study apart from plant species 

composition and invertebrate species composition, frog species richness was higher in deeper 

dams with low bank height and low conductivity.  
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Though it is hard to define a perfect dam for all plant, invertebrate and frog species, it is still 

possible to design dams which maximise plant, invertebrate or frog diversity values. While 

fulfilling the requirement for biodiversity, dams would have the potential to be habitat for rare 

or threatened species. A study of relationships between species rarity and dam variables follows 

in Chapter 5.   
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Chapter 5: Species rarity and endemism in farm dams  
 

5.1 Introduction  
 

Globally rare and threatened species are found in dams in different landscapes under different 

land uses (Samways 1989; Williams et al. 2004; Biggs et al. 2005; Céréghino et al. 2008b; 

Gioria et al. 2010; Willams et al. 2010; Holtmann et al. 2019). Their presence is an important 

aspect of conservation value (Crisp et al. 2001; Irl et al. 2017). Dams with locally endemic 

species are important in conservation, as they provide essential habitat for species that occur 

only in the area (Myers et al. 2000; Anderson 1994). The identification and protection of 

endemic hotspot dams is important for local conservation and global biodiversity preservation 

(Lindenmayer et al. 1999; Kier et la. 2009; Legnouo, Samways & Simaika 2014).  

 

Species richness and distribution on farm dams are known to be affected by many 

environmental variables (Hecnar & M’Closkey 1996; Jeffries 1998; Hazell et al. 2001; Lobo 

et al. 2001; Frisch et al. 2006; Céréghino et al. 2008b; Fernández-Zamudio, García-Murillo & 

Díaz-Paniagua 2016; Chapter 4 of this thesis). There have been many studies relating 

individual taxa to environmental variables in dams (Winston, Taylor & Pigg 1991; Samways 

et al. 1996; Hill, Keddy & Wisheu 1998; Medley & Havel 2007). These studies do not 

specifically focus on rare or endemic species but provide data on some of them. Some authors 

argue that richness pattern of rare or endemic species are not correlated with local 

environmental factors (Lennon et al. 2011; Brasil et al. 2017). On the other hand, stock 

presence and anthropogenic disturbance are observed to impact on the presence of rare and 

locally endemic species in many regions (Arscott, Jackson & Kratzer 2006; Forhad Ali, Sarder, 

& Rahman 2018).  

 

Regional rarity, or sparseness, is a form of rarity in which species have small local populations 

within the region but are geographically widespread (Rabinowitz 1981). It is an important form 

of rarity, indicating the status of sparse species at a regional level (McIntyre, Huang & Smith 

1993; Hercos et al. 2013). McIntyre, Huang and Smith (1993) show that understanding of 

regional rarity in grassy vegetation helps to identify species that potentially are at risk of 

regional extinction. Determination of regional rarity also helps to identify species of locally 

high conservation priority when their overall status is poorly documented (Hercos et al. 2013).  

 



 94 

Regionally and locally rare species include both native and non-native species. Dams often 

host non-native and invasive species, which may affect local and regional native species 

communities (Agostinho, Pelicice & Gomes 2008; Zeng et al. 2017; Xiong et al. 2018). It is 

believed that dam construction is one of the major contributors to the biodiversity crisis and 

there is a higher potential for invasive species to occur in artificial waterbodies than natural 

ones (Johnson, Olden & Zanden 2008).  There is also a link between dam distribution and the 

distribution of some non-native species (Han, Fukushima & Fukushima 2008). Analysis of 

environmental variables that affect the abundance and distribution of non-native species is 

important for the management of introduced species in the region.  

 

Similar to Chapter 4, the present chapter was conducted in southeast Tasmania in the 

expectation of gaining more universal results than in a smaller study area. The likelihood of 

detecting rare and locally endemic species was expected to be higher from a larger area.  

 

In the present study, the relationships between environmental variables and rare or locally 

endemic species at both the global and regional levels in the farm dams were determined. The 

patterns of richness and abundance of regionally and locally rare species were also determined. 

Environmental variables that were related to native and non-native species distribution were 

identified.  

 

 

5.2 Methods  
 

5.2.1 Species analysis 

 

For each dam, total taxon plant richness, species level plant richness, total invertebrate taxon 

richness, frog species richness, non-native plant species richness and native plant species 

richness were calculated. Species level plant richness include all vascular plant taxa that had 

been identified down to species level. Non-native plant species consisted of introduced and 

naturalised plant species, including species that have been declared as weeds in Tasmania. 

Nomenclature for plants follows De Salas and Baker (2015). Both the non-native plant group 

and native plant group exclude taxa that were not identified down to species level.  

 

Weighted endemism (WE) (Crisp et al. 2001; Linder 2001) was used to obtain a concentration 

score for the species assemblage in each dam in relation to the dams as a whole. This method 
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weighted each species by the inverse of its range in the data set, avoiding arbitrary limits on 

local endemism (Dony & Denholm 1985; Usher 1986; Williams & Humphries 1994; Williams, 

Humphries & Gaston 1994; Crisp et al. 2001). Species that occur in a single dam have 

maximum weight of 1. If a species occurs in two dams, its weight is 0.5. The weight of a species 

would be 0.01, if it occurred in 100 dams. The score contributed by a species is constant 

between dams (Nott & Pimm 1997; Kryštufek & Griffiths 2002). The scores for all species in 

a dam are added up and then multiplied by 100, to give a weighted endemism score and labelled 

as “*Weighted Endemism” (*WE). A dam that contained many common species would have 

a lower score than a dam that contained many locally rare species.    

 

However, this weighted endemism score often has a high correlation with species richness. The 

strength of the relationships varies between species groups (Gaston et al. 1998). Dams with 

many widespread species might have a higher score than dams with a small number of locally 

rare species. The phenomenon was found to occur in the present data set. Hence, ‘corrected 

weighted endemism’ (CWE.) (Crisp et al. 2001) was used to measure the endemism of species 

in dams. The *Weighted Endemism score is divided by the species richness. Hence, scores for 

dam with few locally rare, infrequently occurring species would not be affected by low species 

richness (Linder 2001).   

 

Multiple-regression analyses between *WE and CWE. scores and environmental variables 

were conducted in Minitab 18. Best subset regression was used to determine the set of 

continuous environmental variables (altitude, depth, bank height, pH, turbidity, conductivity, 

dissolved oxygen, nitrogen, phosphorous and sodium) that best predicted each of *WE and 

CWE. scores in all species groups (sp_plant, plant, frog, invertebrate, native and non-native). 

Categorical variables (size, age, seasonality, slope, runoff, stream, spring, other dams, pump, 

domestic, stock, crop/irrigation, recreation, dam not used and firefighting) were then fitted into 

General Linear Model (GLM) in various combinations with the continuous variables selected 

at the previous stage to find the model with the highest explanation that had significance slopes 

for all variables.   

 

5.2.2 Species rarity and endemism at a State level  

 

For the analysis of species rarity and endemism at State level, the data set was reduced to those 

taxa identified to species level. State endemism, and rare or threatened species were identified 
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using ‘Species listed under the Tasmanian Threatened Species Protection Act 1995 (DPIPWE 

2017b). Species that were endemic to Tasmania, rare or threatened were selected.  

 

All taxa identified to species level were also used for the analysis of species at State level. Total 

number of species occurrence from all dams were counted as “Dam Count”. Data on species 

occurrences at State level were obtained from the Natural Values Atlas (NVA) of Tasmania 

(NVA 2018). If there was no record in the NVA of a species, the Atlas of Living Australia 

(ALA) was searched for records (ALA 2018). Taxonomic names were used to search for 

observation records from NVA. The search area was defined as the whole State, with no period 

range limit and no observation type limit. All the verified observation search results were 

counted and labelled as “NVA Count”.  

 

An Endemism Ratio was calculated as Dam Count/NVA Count. To have a reasonable number, 

the index “*Endemism Ratio” was used. It was defined as 100 times of “Endemism Ratio”. 

Species were selected if they had *Endemism Ratio that was higher or equal to 20 and their 

dam count were equal or higher than five. Their presence/absence relationships with 

environmental variables were analysed in Minitab 18 with ANOVA (continuous variables) or 

Chi-square (categorical variables). The likelihood ratio from Chi-square was used to indicate 

the significance of associations. The ANOVA results and the Chi-square likelihood ratio were 

also used to test the significance of association between environmental continuous and class 

variables and presence/absence of top 10 native plant species and top 10 non-native plant 

species that had the highest *Endemism Ratio.  

 

*Endemism Ratio was applied to species in all dams and “corrected species score” was 

calculated for each dam. It was a concentration score for all *Endemism Ratios in each dam 

and divided by species richness in each taxa group (Equation 1).  

𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝑆𝑝𝑒𝑐𝑖𝑒𝑠 𝑆𝑐𝑜𝑟𝑒 =
∑ ∗ 𝐸𝑛𝑑𝑒𝑚𝑖𝑠𝑚 𝑅𝑎𝑡𝑖𝑜𝑛

𝑖=1

𝑆𝑝𝑒𝑐𝑖𝑒𝑠 𝑅𝑖𝑐ℎ𝑛𝑒𝑠𝑠
 

Equation 1: Equation of corrected species score. n is the species richness of the taxa group in 
the dam.  

 

The corrected species scores were counted for frog species group (Corrected Frog Score) and 

species level plant taxa groups (Corrected Plant Score). This score showed the distribution of 



 97 

State scale regionally rare species. Multiple regression analysis between corrected species 

scores and environmental variables (both continuous and categorical variables) were conducted 

in Minitab 18.  

5.3 Results 
 

5.3.1 Species identification  

 

There were 261 species observed from the 104 dams. Each species occurred, on average in 

seven dams. One hundred and forty-one vascular plant taxa were found. Three of them were 

identified to genus (0.7%) and all the other taxa were identified down to species (99.3%). One 

hundred and fourteen invertebrate taxa were found. Only eleven of them were identified to 

species level (10%). The other taxa were identified to genus (35%), family (53%) and order 

(2%). Six frog species were found. There were 41 dams in which no frogs were observed. None 

of the frog species were rare or threatened in Tasmania. Only the Tasmania froglet (Crinia 

tasmaniensis) is Tasmanian endemic. None of the nine invertebrate species were rare or 

threatened or Tasmanian endemics.  

 

5.3.2 Species richness and endemism at dam level  

 

Dams had one to 15 vascular plant taxa with an average of 7.8 species per dam (Table 13). 

Frog species richness varied from zero to three, averaging less than one species per dam. 

Invertebrate taxa richness ranged from one to 19 species, with a mean of 8.7 species per dam.  

 

Of the 138 species level vascular plant species, there were 75 non-native vascular plant species 

and 63 native vascular plant species. The proportion of both native and exotic species varied 

from 0 to 100%. On average, there were about six non-native species observed per dam, while 

approximately five native species per dam were found.   

 

Dams that used other dams as water source negatively affected WE Plant (r2 = 10.19%, F = 

11.57, P = 0.001, DF = 1).  No relationship had been found between environmental variables 

and WE Frog score and WE invertebrate score.  

 

CWE Plant score only had negative relationship with nitrogen concentration of the water (F = 

4.55, DF = 1, P = 0.035, r2 = 4.27%). The relationships were similar for the species level CWE 
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score. No significant relationships were found between CWE frog score and environmental 

variables. CWE invertebrate score had positive correlations with dam slope and conductivity. 

It was also negatively related to sodium concentration in the water (CWE Inv = 7.64 + 0.852 

Slope + 0.0373 Conductivity – 0.0470 Sodium, r2 = 10.20%, P < 0.001).  

Table 13: Richness statistics for the dams by taxonomic groups. Species plant group includes all species level vascular plant.  

 

Dams that used other dams as water source and dissolved oxygen were positively related to the 

WE non-native score. WE non-native plant was negatively related to dam age.  The CWE non-

native score was positively related to dams that used other dams as water source and negatively 

related to dams designed for recreational purpose. Dams used other dams as water source could 

best explain both WE non-native score (F = 27.27, DF = 1, P < 0.001, r2 = 21.10%) and CWE 

non-native scores (F = 8.51, DF = 1, P = 0.004, r2 = 7.70%). WE native score was negatively 

related to stock (F = 10.62, DF = 1, P = 0.002, r2 = 9.43%). There was no significant relationship 

between CWE native score and any environmental variables.  

 

5.3.3 Species rarity and endemism at State level  

 

Within the 138 vascular plant species, there were four endemic species and three rare species, 

include one rare and endemic species (Centrolepis strigosa). The Tasmanian endemic vascular 

plant species were Carex barbata, Centrolepis strigosa, Eucalyptus amygdalina and 

Ozothamnus reticulatus. Rare vascular plant species that listed under the Tasmanian 

  Total plant 
Species 

plant 
Frog Inv 

Non-

native 
Native 

Mean 7.83 7.72 0.81 8.68 4.56 3.27 

Standard Error 0.25 0.25 0.07 0.33 0.21 0.2 

Median 8 8 1 8 4.5 3 

Mode 8 8 1 7 3 3 

Standard 

Deviation 
2.54 2.52 0.76 3.39 2.14 1.99 

Sample 

Variance 
6.47 6.36 0.58 11.46 4.58 3.97 

Range 14 14 3 18 13 8 

Minimum 1 1 0 1 0 0 

Maximum 15 15 3 19 13 8 

Confidence 

Level (95.0%) 
0.49 0.49 0.15 0.66 0.42 0.39 
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Threatened Species Protection Act 1995 were Centrolepis strigosa, Juncus amabilis, and 

Juncus prismatocarpus. Dams that were designed for stock purpose had significant negative 

impact on the presence of Juncus amabilis. The presence/absence of rare and endemic species 

was positively related to domestic used dams and negatively impacted by stock and dams 

depend on other dams as water source. Also, the presence of rare and endemic species was 

associated with high total plant species richness and native plant species richness.  

 

For the 138 vascular plant taxa and six frog taxa, only one vascular plant species (Hakea 

salicifolia) had no record in the NVA. However, two records were found from ALA database. 

Non-native plant species had higher *Endemism Ratio than native species in dams (Table 14). 

The average dam count for non-native plant species was 5.64, which was lower than native 

plant species (6.03). On the other hand, native plant species (1425.16) had two times more 

average NVA count than non-native (607.97). The average *Endemism Ratio for non-native 

plant species was 7.76, about double the ratio for native plant species.  

 

Table 14: Statistic summary of NVA count, dam count, * Endemism Ratio by non-native species and native species. 

 
NVA Dam *Endemism Ratio 

Non-native 607.97 5.64 7.76 

native 1425.16 6.03 3.39 

 

Non-native plant species richness was negatively impacted by domestic use, sodium 

concentration and seasonality of dams. Water depth, dam surface area, other dams as water 

source, stock dam, and dam for crop/irrigation purpose had positive relationships with non-

native plant species richness. Dam size (F = 6.44, DF = 2, P = 0.002) and dams used other dams 

as water source (F = 9.20, DF = 1, P = 0.003) together explained 17.13% of non-native plant 

species richness.  

 

Sodium concentration and domestic used dam was positively related to native plant species 

richness. It was negatively impacted by turbidity. Dam for stock water supply and seasonality 

of dam also had significant negative relationships with native species richness. Native plant 

species richness was best explained by stock (F = 22.74, DF = 1, P < 0.001, r2 = 18.23). 
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There were 10 species that had Endemism Ratio that were higher or equal to 20 (Table 15). 

Eight of them were introduced and naturalised in Tasmania. There was also one native species 

(Typha orientalis) and one rare species (Juncus prismatocarpus). The dam count for most of 

the 10 species were less than 10. Only the dam count for Typha orientalis and Medicago 

polymorpha were more than 10.  

 

Dam altitude and spring fed dams were found to be negatively related to the occurrence of 

Typha orientalis. Not used dams were positively related to the presence of Typha orientalis. 

Dam size was found to have significant positive impact on Lolium multiflorum. Dams that had 

Juncus acutus were identified to occur at high altitude. The occurrence of Medicago 

polymorpha was positively related to dam altitude and dam age. Slope, turbidity, nitrogen 

concentration, phosphorous concentration and dam seasonality had strong positive 

relationships with Cynodon dactylon. The only rare species with a high Endemism ratio was 

positively related to water pH (Juncus prismatocarpus).  

Table 15: Species with *Endemism Ratio over or equal to 20. 

Species  NVA 

Count 

Dam 

Count 

Endemism 

Ratio 

*Endemism 

Ratio 

Status 

Typha orientalis 29 20 0.689 68.9 n 

Juncus tenuis 14 9 0.642 64.2 i 

Hakea salicifolia 2 1 0.500 50.0 i 

Lolium multiflorum 14 7 0.500 50.0 i 

Juncus acutus 22 9 0.409 40.9 i 

Medicago polymorpha 55 21 0.381 38.1 i 

Trifolium 

ornithopodioides 

8 3 0.375 37.5 i 

Cynodon dactylon 30 8 0.267 26.6 i 

Juncus prismatocarpus 20 5 0.250 25.0 r 

Ehrharta longiflora 10 2 0.200 20.0 i 
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Of the top 10 native plant species with high *Endemism Ratio, Juncus procerus had the highest 

dam count (41) (Table 16). Both Carex barbata and Potamogeton perfoliatus had only one 

dam count. Dam counts for Juncus prismatocarpus, Carex tereticaulis, and Azolla filiculoides 

were all less than 10.  

 

Carex tereticaulis was negatively related to dam water depth and bank height and positively 

related to conductivity and sodium concentration. Bank height was also positively related to 

the presence of Azolla filiculoides. Dams with seasonality and runoff-feed dams have a lower 

chance of the occurrence of Juncus filicaulis. The presence of Eleocharis sphacelata was 

positively affected by dam size and domestically used dams and negatively influenced by water 

depth and dam slope. Conductivity, sodium concentration, dam seasonality and dam for 

firefighting purpose had negative impacts on the presence of Juncus procerus. Higher bank 

height and stream-feed dams promoted the presence of J. procerus. The chance to observe 

Juncus amabilis was negatively impacted by the presence of stock.  

 

Medicago polymorpha was the only non-native plant species with a dam count greater than 10 

(Table 17). Both Hakea salicifolia and Crepis setosa occurred in only one dam. None of the 

10 non-native plant species were declared weeds in Tasmania.  

Table 16: 10 native species with highest *Endemism Ratio. 

Species Status NVA Dam Ratio Ratio*100 

Typha orientalis n 29 20 0.68 68.97 

Juncus prismatocarpus r 20 5 0.25 25.00 

Carex barbata e 8 1 0.125 12.50 

Carex tereticaulis n 51 6 0.11 11.76 

Azolla filiculoides n 59 5 0.08 8.47 

Juncus filicaulis n 142 12 0.08 8.45 

Eleocharis sphacelata n 222 15 0.06 6.76 

Juncus procerus n 680 41 0.06 6.03 

Potamogeton perfoliatus n 18 1 0.05 5.56 
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Juncus amabilis r 449 22 0.04 4.90 

Corrected Plant Score was positively related to dam size, seasonality, recreational dams and 

dam not in use. Bank height had significant negative impact to Corrected Plant Score. When 

Size = 2, Seasonality = 0, Recreational = 0 and Not used = 0, together all the significant 

variables explained 28.66% of the variation for Corrected Plant Score (Table 18, Corrected 

Plant Score = 94.4 – 8.25 Bank Height, P < 0.001).  Dam slope was also negatively related to 

Corrected Plant Score. Corrected Frog Score had negative relationships with dissolved oxygen 

and nitrogen concentration in the water (Corrected Frog Score = 2.649 - 0.1913 Dissolved 

oxygen - 0.1230 Nitrogen, r2 = 14.25, P < 0.001). 

Table 17: 10 non-native species with highest *Endemism Ratio. 

Species Status NVA Dam Ratio Ration*100 

Juncus tenuis i 14 9 0.642857 64.29 

Hakea salicifolia i 2 1 0.5 50.00 

Lolium multiflorum i 14 7 0.5 50.00 

Juncus acutus i 22 9 0.409091 40.91 

Medicago polymorpha i 55 21 0.381818 38.18 

Trifolium ornithopodioides i 8 3 0.375 37.50 

Cynodon dactylon i 30 8 0.266667 26.67 

Ehrharta longiflora i 10 2 0.2 20.00 

Alopecurus pratensis i 17 3 0.176471 17.65 

Crepis setosa i 6 1 0.166667 16.67 

Table 18: Coefficients of general linear model for vascular plant species richness, turbidity, phosphorous, size and 

seasonality. 
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5.4 Discussion  
 

5.4.1 Rare and endemic species response to environmental variables 

 

There is not necessarily any strong relationship between endemic or rare species and 

environmental variables (Lennon et al. 2011; Brasil et al. 2017). Richness pattern of rare plant 

species from Machair grassland in Scotland were not affected by environmental factors 

(Lennon et al. 2011). Brasil et al. (2017) also showed that abundance of rare Ephemeroptera 

sp. in stream of the Brazilian Cerrado as relatively poorly explained by regional climate 

attributes and local physical-chemical attributes. They found that rare species were predicted 

by time of year, reflecting their breeding patterns, consistent with a result that of Benedetti-

Cecchi et al. (2008). As in the present study, stochastic factors may have a major impact on the 

distribution of rare species.  

 

In the present study, the presence of endemic or rare species was positively related to domestic 

dams and negatively related to stock water supply dams and dams that gain their water from 

other dams. For all six individual endemic or rare plant species, only the presence/absence of 

Juncus amabilis related to an environmental variable. It was negatively related to the presence 

of stock. Stock presence was found to negatively impact the endangered riverine catfish (Rita 

rita) in India (Forhad Ali, Sarder & Rahman 2018). However, anthropogenic disturbance was 

found to be associated with the presence of both rare and common taxa in the USA (Arscott, 

Jackson & Kratzer 2006). In Tasmania, hard-hooved animals are non-native, and the biota is 

not preadapted to their trampling, while on the other hand, in America, they are native. Thus, 

the effect of stock varies between regions and species. In the present study, there was no 

significant correlation between endemic or rare species and dam seasonality. Seasonality was 

Term Coef SE Coef T-Value P-Value 

Constant 44.8 10.6 4.23 0.000 

Bank Height -8.25 3.24 -2.54 0.013 

Size         

  1 -15.01 4.21 -3.56 0.001 

  2 18.57 5.48 3.39 0.001 

Seasonality         

  0 10.42 3.61 2.89 0.005 

Recreation         

  0 10.62 5.28 2.01 0.047 

Not used         

  0 9.98 5.02 1.99 0.050 
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related to plant species richness and plant species composition, but poorly related to frog or 

invertebrate species richness or composition (Chapter 3).  

 

Both native plant species richness and non-native plant species richness were negatively 

impacted by dam seasonality in the present study. This result was consistent with previous 

studies (Jansen & Healey 2003; Hamer, Smith & McDonnell 2012). Lennon et al. (2011) 

believed that there was more chance for rare plant species to be found in richness hotspots. 

This result was confirmed by the present study. The presence/absence of endemic or rare 

species in the dams was significantly positively correlated with total plant species richness and 

native plant species richness. However, there was no correlation between dam seasonality and 

endemic and rare species presence/absent in the present study.  

 

Temporary ponds in Germany were found to have high Odonata species richness and played 

an important role in the conservation of threatened species, including Libellula depressa and 

Ischnura pumilio (Holtmann et al. 2019). The endangered frog species Limnodynastes peroni 

(striped marsh frog) in ACT, Australia was associated with the present of Gambusia holbrooki 

(eastern mosquitofish) which required permanent water bodies (Hoefer & Starrs 2016). 

However, no direct relationship was found between striped marsh frog and permanent/temporal 

water bodies. The presence of frog species had no correlation with plant species richness and 

dam seasonality in the present study. There were no endemic or rare invertebrate or frog species 

observed. Thus, the relationships between rare species with dam seasonality could not be tested 

by the present study.  

 

5.4.2 Dam level local rarity response to environmental variables 

 

In the present study, the vast majority of rare plant species were locally rare and most of them 

were widespread in Australia. This result was consistent with the survey by McIntyre, Huang 

and Smith (1993) in the New England Tablelands. They considered that sparseness could be a 

common form of rarity at a regional level.  

 

The corrected weighted endemism score of all plant species in the present study was negatively 

correlated with nitrogen concentration. Although there have been no studies of the relationship 

between regionally rare species and nitrogen concentration, a negative relationship between 
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species richness and water/soil nitrogen concentration has been observed in previous studies 

(Olde Venterink et al. 2003; Cornwell & Grubb 2003; Hrivnák et al. 2015). Nitrogen deposition 

was also found to significantly impact species richness in the grassland of Great Britain 

(Stevens et al. 2004) and threatened species richness in the European grassland (Stevens et al. 

2010). In the present study, dams that depend on water from other dams had a positive impact 

on the richness of regionally rare plant species, similar to the result of McIntyre and Lavorel 

(1994), who found that native species with absolute rarity were positively correlated with water 

enrichment in New South Wales, Australia. 

 

The corrected weighted endemism score of introduced plant species was positively impacted 

by dams that depend on water from other dams and negatively related to recreational dams. 

These two variables were also significantly related to richness of locally rare plant species. 

Extraction of water from other dams has the potential to disseminate weed seeds to the dam. 

Wilson (1980) found that large amount of weed seed is disseminated though surface irrigation 

water. on the other hand, more effort and higher frequency of weed control would occur in 

dams that are designed for recreational and aesthetic purposes.  

 

Although no variables were found to be significantly related to the corrected weighted 

endemism score of native plant species, their weighted endemism score was negatively related 

to the presence of stock. The relationship between plant species composition and the presence 

of stock had been confirmed by the present study (Chapter 3). Stock also has significant impact 

on the overall species richness (McIntyre and Lavorel 1994; Hendricks et al. 2005).  McIntyre 

and Lavorel (1994) also found that the richness of rare native plant species is negatively 

impacted by livestock grazing. Anthropogenic disturbance reduces the richness of endemic and 

rare plant species in La Palma, Spain (Irl et al. 2017). The presence of regionally rare, absolute 

rare and common macroinvertebrates in the USA is negatively related to anthropogenic 

pressures (Arscott, Jackson & Kratzer 2006). This is consistent with the relationship between 

the distribution of locally rare native plant species and the presence of stock in the present 

study.  

 

The weighted endemism score and corrected weighted endemism score of frog species had no 

relationships with environmental variables in the present study. Their overall richness was 

related to water depth, bank height and conductivity (Chapter 3). The distribution of locally 
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rare invertebrate species was positively related to dam slope and conductivity. Bloechl et al. 

(2010) found that water bug species composition was strongly correlated with conductivity but 

did not specify if there was any relationship with regionally rare species. Oertli et al. (2002) 

and Kadoya, Suda and Washitani (2004) found that pond size positively affected the 

conservation value scores of Odonata species at a regional level in Switzerland, but not that of 

other aquatic invertebrate species groups.  

  

5.4.3 NVA Species with regional rarity response to environmental variables  

 

In the present study, Corrected Frog Score was negatively related to dissolved oxygen and 

water nitrogen concentration. Fertilizer pollution is one of the major threats to amphibian 

populations worldwide (Stuart et al. 2004). Deleterious effects on amphibians have also been 

well-documented in the USA and Europe (Rouse, Bishop & Struger 1999; Schuytema & 

Nebeker 1999; Marco et al. 2001; Ortiz et al. 2004). Low levels of dissolved oxygen 

significantly impact on tadpole and frog abundance and behaviour (Costa 1967; Moore & 

Townsend 1998; Bull & Hayes 2000). Larger and older tadpoles of Rana temporaria are highly 

sensitive to low oxygen levels, while small tadpoles have a positive reaction to low dissolved 

oxygen (Costa 1967). However, the three previous studies were conducted on common frog 

species rather than rare/endemic frog species. The age of tadpoles in the present study was also 

unknown.  

 

Water permanence affects plant species composition and species richness in the UK and Ireland 

(Gioria et al. 2010; Hassall, Hollinshead & Hull 2011). As the presence of rare plant species is 

likely to be related to species richness (Lennon et al. 2011), seasonality is also negatively 

related to the presence of regionally rare plant species. Pond size has a positive relationship 

with species complexity (Oertli et al. 2002; Drakare, Lennon & Hillebrand 2006; Dragomir, 

Dragomir & Murariu 2018). In the present study, the distribution of regionally rare plant 

species was positively related to dam size.  Polce et al. (2011) found that native plant species 

richness was positively related to slope in Europe. Richness of rare plant species in New South 

Wales, Australia also increases with increased slope (McIntyre & Lavorel 1994). In the present 

study, regionally rare plant species distribution, but not absolute rare plant species distribution 

was negatively related to dam slope.  
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5.4.4 Native and non-native plant species responses to environmental variables  

 

Dam seasonality was found to be significantly negatively related to richness of both native and 

non-native plant species richness in the present study. The presence of Juncus filicaulis was 

also negatively related to dam seasonality. The impact of seasonality on the overall plant 

species richness was also confirmed in the present study (Chapter 3). This result was consistent 

with Hassall, Hollinshead and Hull (2011) who found that high plant species richness was 

related to large ponds with no drying history. Pond size also has a positive relationship with 

species complexity (Oertli et al. 2002; Drakare, Lennon & Hillebrand 2006; Stomp et al. 2011; 

Dragomir, Dragomir & Murariu 2018). In the present study, dam size was found to be only 

positively related to non-native species richness and the presence of introduced Lolium 

multiflorum and native Eleocharis sphacelata. Slope promotes the richness of native plant 

species and has negative effect on the presence of alien species in Europe (Polce et al. 2011). 

This result was not consistent with the present study. The presence of non-native Cynodon 

dactylon was positively impacted by dam slope, while the native Eleocharis sphacelata was 

negatively affected. This may due to the differences in variability of slope in the two studies. 

In the present study, dam slope ranged from 1% to 10%. Police et al. (2011) conducted surveys 

on steeper slopes.  

 

Water depth has a significant negative impact on phytoplankton diversity in lakes in the USA 

(Stomp et al. 2011). In the present study, depth was positively correlated with non-native plant 

species richness and negatively with the occurrence of some native plant species, including 

Carex tereticaulis and Eleocharis sphacelata. The maximum water depth from Stomp et al. 

(2011) was over 70 m, while in the present study it was only 5.5 m, perhaps accounting for the 

different responses.  

 

Although richness of both native and non-native plant species had no relationships with 

nutrients in the present study, overall plant species richness was found to be positively 

correlated with phosphorous (Chapter 3). Exotic plant species survived better than native 

species in high nutrient sites in Sydney, Australia (Leishman & Thomson 2005). Foliar nitrogen 

and phosphorous is higher in invasive species than native species in Hawaii (Baruch & 

Goldstein 1999). In the present study, only the presence of non-native Cynodon dactylon was 

positively related to both nitrogen and phosphorous concentration.  
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Native and non-native species also response differently to herbivory and anthropogenic 

pressures. Both diversity and abundance of non-native plant species is positively impacted by 

grazing and anthropogenic disturbance (Jauni, Gripenberg & Ramula 2015), a result consistent 

with that of Polce et al. (2011). Thus, alien plants species presence is increased in sites under 

agricultural management in Europe, consistent with the results from the present study, in which 

non-native species richness was positively related to the dams used for stock and crop/irrigation. 

Without herbivory, native species of Lonicera have a higher growth rate than invasive species 

in the USA (Schierenbeck, Mack & Sharitz 1994). Agricultural use leads to the decline of 

native plant species in the Czech Republic (Pyšek et al. 2005).  

 

On a global scale, non-native species richness declines with lower elevation (Becker et al. 2005; 

Marini et al. 2009; Guo et al. 2018). In the present study, altitude was not related to either of 

richness of native or richness of non-native plant species. The presence of native Typha 

orientalis was negatively correlated with altitude. On the other hand, the presence of non-native 

Juncus acutus and Medicago polymorpha were both positively related to altitude. Both Becker 

et al. (2005) and Marini et al. (2009) sampled over a range of 2000 meters. In the present study, 

the dam altitude ranged from four meters to 276 meters, with no data from middle-high 

elevation areas. Guo et al. (2018) show that non-native species have the highest richness at 

lower elevation. This is consistent with the negative relationship between altitude and the 

occurrence of some non-native plant species in the present study.  

 

In the present study, native plant species richness was positively correlated with sodium 

concentration, and vice versa for non-native plant species richness. Both Kuhn and Zedler 

(1997) and Pennings and Callawya (1992) observe that the native Salicornia species in 

California saltmarshes have high salt tolerance. Kuhn and Zedler (1997) observe that the exotic 

Polypogon monspeliensis had declined growth rate with increased soil salinity. Exotic trees in 

Kenya also show greater mortality with greater soil salinity (Oba et al. 2001). Carex tereticaulis, 

in the present study, showed positive relationship with both conductivity and sodium 

concentration. However, another native plant species Juncus procerus avoided area with high 

conductivity and sodium concentration. Individual species responses to conductivity and 

sodium concentration thus differ in the present study, as could be expected from the diversity 

of relationships in the literature in general.  
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The majority of invertebrate species in the present study were not identified down to species, 

which made the further analysis of their richness and distribution unfeasible. Exotic 

invertebrate species also need to be identified, to gain an understanding of invertebrate species 

structures in the region. More specific analysis can be conducted on different taxonomic groups, 

as individual taxa has may have different relationships with environmental variables.  

 

Frog species distribution preference on farm dams may need to be determined over a large 

geographic sample. The current data set only covered a small part of the region. With limited 

access to dams, survey methods for frog species were also limited.  

 

5.4.5 Conclusion  

 

The present study illustrated that stock and anthropogenic disturbance have a significant impact 

on the richness and distribution of both absolute rare and regionally rare plant species on farm 

dams in Tasmania. Although no strong set of relationships have been found between endemic 

or rare species and environmental variables, water nutrients and seasonality played an 

important role in the richness of native and non-native plant species in the dams. To maintain 

dams with high endemic or regional rare native plant species richness, stock and human 

disturbance need to be avoided, as does nutrient inflows. Permanent medium to large dams 

designed for domestic use may have low exotic plant species richness.  
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Chapter 6: Discussion  
 

6.1 Introduction  
 

With a small catchment area and uncomplicated stream flow, the case study on the Orielton 

Rivulet sub-catchment found that dam development in the area was rapid and had a significant 

impact on local stream flow (Chapter 2). Three tested object-based segmentation algorithms 

could accurately identify dam margins on aerial photography but not dams as a whole with 

human cognition being more effective. Dam surveys in southeast Tasmania showed that dam 

use, dam water attributes, physical attributes and dam landscape attributes had significant 

relationship with species richness and composition, including species rarity and endemism.  

   

The present chapter discusses the results of the substantive chapters in relation to the thesis 

objectives. Dam development history, dam identification and mapping in the Orielton Rivulet 

sub-catchment are discussed. The effects of water quality and water sources, the use of dams 

and physical attributes of dams are also discussed. The application of the present study in the 

planning of dams for conservation outcomes is illustrated. Potential research emerging from 

the present study is suggested.  

 

Those general relationships found in southeast Tasmania between variables and species 

richness and composition would potentially also be applicable in small areas, as in the Orielton 

Rivulet sub-catchment.  

 

6.2 Identifying and mapping dams and their histories  
 

The dry dam number in the sub-catchment used in the present study was four in 1969 and 101 

in 206. Similar decreases in stream flow related to dams to those found in the present study 

have been found in other parts of Australia, the USA and France (Srikanthan & Neil 1989; 

Beavis & Howden 1996; SKM 2000; Teoh 2002; Graf 2006; Habets et al. 2014; Habets et al. 

2018). Climate change may also potentially affect the ability to fill farm dams in the future 

(Habets et al. 2014). Combined impacts from reduced stream flow and climate factors are most 

likely to have resulted in the increase in dry dams in the region.  

 



 111 

Object-based classification approaches are widely used to automatically map spatial features 

from various imagery types (Guo et al. 2007; D'Oleire-Oltmanns et al. 2011; Drăguţ & Eisank 

2012; Wu et al. 2016). In the present study, all the three algorithms identified dam margins 

accurately on aerial photographs but with long processing time in a small area. Over-

segmentation and under-segmentation were issues. A large human input was required to 

determine dam boundary polygons from the algorithm output layers. Although the improved 

Watershed Algorithm can effectively reduce over-segmentation and under-segmentation issues 

and produces highly accurate boundaries, considerable visual interpretation was still required 

to differentiate dams from other surface features (Zhu et al. 2009; Zhang et al. 2010; Yahya, 

Tan & Hu 2013; Bandara 2014). Compared with human visual identification, automatic 

segmentation analysis was not a practical option for dam mapping.  

 

6.3 Effects of water quality and water source  
 

Water quality variables, including turbidity, conductivity, dissolved oxygen, nitrogen 

concentration, phosphorous concentration and sodium concentration, had significant 

relationships to species richness and composition. Bloechl et al (2010) found that water pH is 

related to aquatic beetle species composition and water bug species composition in Germany. 

No relationship was found between pH and species richness or composition in the present study.  

Hassall, Hollinshead and Hull (2011) found that turbidity negatively affects the presence of 

Coleoptera species and Hemiptera species in the UK. The present study also found that 

turbidity negatively related to invertebrate species richness. In the present study, turbidity was 

also negatively related to native plant species richness and positively impacted the presence of 

non-native Cynodon dactylon.  

 

In the present study, frog species richness declined with increasing conductivity, which was 

consistent with Hecnar and M’Closkey (1998) who found that conductivity has negative impact 

on amphibian richness in Canada. Conductivity also affected plant species composition and 

total species composition in the present study, which were not replicated in previous studies. 

The distribution of locally rare invertebrate species was positively related to conductivity in 

the present study. This result is consistent with the result from Bloechl et al. (2010). They found 

that water bug species composition was related to conductivity in Germany. Both Kuhn and 

Zedler (1997) and Oba et al. (2001) observe that high level of soil salinity will limit the growth 

of exotic plant species. In the present study, conductivity had a relationship with non-native 



 112 

plant species richness, including the presence of non-native Carex tereticaulis, and negative 

relationship with native plant species richness, including the presence of the native Juncus 

procerus.  

 

Dissolved oxygen had a significant impact on total species composition and a negative impact 

on the distribution of a State scale regional rare frog species in the present study. Although 

small tadpoles of Rana temporaria have positive reaction to low dissolved oxygen (Costa 1967), 

age of tadpoles in the present study was unknown and the results were not comparable.   

 

The negative impact of nitrogen on the distribution of a State scale regional rare frog species, 

Litoria ewingii, was not surprising. Fertilizer pollution is threatening to amphibian population 

worldwide (Rouse, Bishop & Struger 1999; Schuytema & Nebeker 1999; Marco et al. 2001; 

Ortiz et al. 2004; Stuart et al. 2004).  

 

The distribution of locally rare plant species was negatively related to nitrogen in the present 

study. A negative correlation between species richness and water and soil nitrogen is widely 

observed (Cornwell & Grubb 2003; Olde Venterink et al. 2003; Hrivnák et al. 2015). Nitrogen 

is also negatively related to plant species richness in Great Britain and threatened plant species 

richness in the EU (Stevens et al. 2004; Stevens et al. 2010). The negative relationship between 

phosphorous concentration and invertebrate richness in the present study was consistent with 

the result of previous studies (McCormick et al. 2001; McCormick, Shuford & Rawlik 2001).    

 

Sodium was related to plant species composition and total species composition. Similar 

relationships were not observed in previous studies on total species but only on individual taxa 

or groups of taxa. Native Salicornia species have higher salt tolerance than exotic species in 

California, USA (Pennings & callaway 1992; Kuhu & Zedler 1997). Soil salinity has a negative 

impact on exotic plant species growth rate both in the USA and Kenya (Kuhn & Zedler 1997; 

Oba et al. 2001). Similar results were found in the present study in that sodium was positively 

related to native plant species richness and negatively related to exotic plant species richness.  

 

In the present study, water sources affected species richness and composition. Spring feed dams 

were related to total species composition. Runoff feed dams, on stream dams, dams depend on 

water from other dams and spring feed dams impacted the presence of some exotic and native 

plant species. Water movement may affect the distribution of seeds and nutrients.  
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6.4 Effect of the use of dams  
 

Stock use was positively related to non-native plant species richness and negatively related to 

native plant species richness and the presence of rare/endemic plant species in the present study, 

which is consistent with previous studies and expected given the effects of stock on water 

quality and native/exotic plant species (Schierenbeck, Mack & Sharitz 1994; Polce et al. 2011; 

Jauni, Gripenberg & Ramula 2015). Stock wastes significantly contribute to nitrogen and 

phosphorous exports to freshwater in the UK (Johnes, Moss & Philips 1996). Grazing density 

also negatively affects riparian condition in Australia (Jansen & Robertson 2001). Exotic plant 

species have higher tolerance of high nutrient condition than native plants (Leishman & 

Thomson 2005). Introduced cattle have an important role in the promotion of exotic Acacia 

caven in Chile (Holmgren 2002).  

 

Domestic dams, which have a high frequency of anthropogenic disturbance, were negatively 

related to the presence of rare/endemic plant species in the present study. This result is similar 

to that of Arscott, Jackson and Kratzer (2006), who found that anthropogenic disturbance is 

associated with the presence of both rare and common taxa in the USA. The relationships that 

were found between domestic dams and native and non-native plant species richness in the 

present study were not tested in previous research.  

 

Dams that were designed for cropping or irrigation purpose had a positive impact on the 

richness of exotic plant species. Previous studies have confirmed that anthropogenic 

disturbance has a positive relationship with non-native plant species diversity and composition 

(Polce et al. 2011; Jauni, Gripenberg & Ramula 2015). In the present study, recreational dams 

were related to plant species composition. There are no previous studies that analyse the 

relationship between this dam type and species richness and composition.  

 

Unused dams have higher aquatic plant coverage than other dams. This type of dam predicted 

invertebrate species composition in the present study. The percentage of open water and 

percentage of plant cover in ponds have significant relationship with invertebrate species 

composition (Bloechl et al. 2010; Hassall, Hollinshead & Hull 2011). Hence, this result was 

consistent with previous studies.  
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Dams that were built for firefighting would have open water for easy water access. Bloechl et 

al. (2010) find the positive relationship between open water and invertebrate and beetle 

richness in Germany. Shading is also negatively related to species richness (Biggs et al. 2005; 

Joye et al. 2006; Hassall, Hollinshead & Hull 2011). The positive relationship between 

firefighting dams and invertebrate species richness was thus consistent with previous studies.  

 

6.5 Effect of physical attributes of dams  
 

Physical attributes of dams had significant relationships with species richness and composition 

in the present study. Dam size was positive related to total plant species richness and non-

native plant species richness. It also positively affected the presence of the exotics Lolium 

multiformee and Medicago polymorpha, as well as the native Eleocharis sphacelata. Hassall, 

Hollinshead and Hull (2011) also found that large ponds with no drying history have high plant 

species richness. Pond size is positively correlated with species complexity (Oertli et al. 2002; 

Drakare, Lennon & Hillebrand 2006; Dragomir, Dragomir & Murariu 2018). In the present 

study, dam size also positively impacted the distribution of State scale regional rare species, 

which is consistent with previous studies.  

 

Dam age was related to the composition of all taxonomic groups in the present study. Similar 

results have been found from previous studies which showed that age of pond affects the 

invertebrate species composition in Germany (Bloechl et al. 2010) and zooplankton species 

composition in the USA (Sferra, Hart & Howeth 2017).  

 

Large ponds with no seasonality have higher plant species richness in the UK (Hassall, 

Hollinshead & Hull 2011), as in the present study. They found that water permanence also 

impacts plant species composition, which is consistent with results from Ireland (Gioria et al. 

2010). Dam seasonality is also related to the richness of native and non-native plant species 

richness (Jansen & Healey 2003; Hamer, Smith & McDonnell 2012) as in the present study. 

The present study also observed negative relationship between dam seasonality and the 

distribution of State scale regional rare plant species, which was consistent with the results of 

Lennon et al. (2011).  
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Altitude also affected plant species composition, total species composition and the presence of 

non-native Typha orientalis in the present study. A similar result has been found from previous 

study between altitude and invertebrate species composition in Italy (Santi et al. 2010).  

 

Total species richness and frog species richness were positively affected by water depth in the 

present study. Phytoplankton species richness in the USA is similarly related to depth (Stomp 

et al. 2011). Frog species richness and abundance are also correlated with water depth 

elsewhere (Lemckert et al. 2006; Queiroz, da Silva & Rossa-Feres 2015). Gioria et al. (2010) 

find that water depth contributes to plant species composition in Ireland, but this relationship 

was not confirmed in the present study. Invertebrate species composition and total species 

composition were predicted by water depth in the present study. Gioria et al (2010) observed 

similar results with water beetle species composition. A relationship between all taxa 

composition and water depth was not revealed in previous studies. Although there was no 

relationship between native plant species richness and water depth, presence of some native 

plant species, including Carex tereticaulis and Eleocharis sphacelata, was predicted by water 

depth. It was also positively related to exotic plant species richness in the present study. 

 

There are no previous studies that analyse the relationship between bank height and species 

richness and composition. In the present study, bank height predicted plant species composition, 

invertebrate species composition and total species composition. Frog species richness and the 

distribution of State scale regional rare plant species were both negatively impacted by bank 

height. Bank height also negatively related to the presence of native Carex tereticaulis and 

positively impacted the presence of native Azolla filiculoides and Juncus procerus. Dams with 

high bank may retain more water for longer time than shallow dams and this may contribute to 

the presence of emergent plants in the dams. There is also a higher potential for high bank dams 

to have deep water, which was positively related to frog richness in the present study.   

 

No previous study has revealed a relationship between slope and total plant species 

composition. Rare plant species richness is positively related to slope in NSW, Australia 

(McIntyre & Lavorel 1994). The present study found that slope was positively related to the 

distribution of locally rare species. Native plant species richness is positively correlated with 

slope and vice versa for introduced plant species in the EU (Polce et al. 2011). In the present 

study, individual plant species responded to slope inconsistently.  
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6.6 Planning dams for conservation outcomes  
 

With the understanding of relationships between taxonomic groups and environmental 

variables, dams can be designed for specific conservation outcomes. Dam with clean and deep 

water have a higher potential for more native species than other dams. If the dam has permanent 

large water surface area and a high level of phosphorous, there will be higher plant species 

richness.  

 

By controlling anthropogenic and stock disturbance, keeping water levels high, limiting aquatic 

plants on the water surface and controlling phosphorous input, dams may be enabled to have a 

higher richness of invertebrate species. If the dam also has low sodium content and is located 

on a steep slope, it is likely to have locally rare invertebrate species. Dams with deep water, 

low banks and low conductivity may promote frog species richness. If nitrogen levels can be 

kept low, the chance to observe regionally rare frog species in the dam is higher.  

 

Large permanent dams used for domestic purposes with deep clean water and limited 

anthropogenic and stock disturbance are more likely to have high species richness in all 

taxonomic groups.  

 

6.7 Future research  
 

The present study filled a research gap on the dam development history and their simulate 

impact on local stream in a sub-catchment of Tasmania. Similar studies can be conducted on 

other regions of Tasmania and other States. The present study did not estimate the dam volume, 

as LiDAR data were not available for the whole case study area; therefore, a more accurate 

hydrological measure of the impact of dam development was not acquired. The estimated 

cumulative hydrological impact of dam was also impacted by missing local steam flow data. 

Similar studies can be conducted in catchment areas with fully recorded local stream flow data 

and LiDAR coverage.  

 

LiDAR data can derive high accuracy DEMs which can be used to assist the segmentation 

analysis of farm dams with the improved Watershed algorithm. By control of over-

segmentation and under-segmentation and increasing segmentation accuracy, dam mapping 
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might be time and labour efficient. The issue of discriminating dams from other types of surface 

features on automatic segmentation results needs to be resolved.  

 

The present study filled some research gaps on the relationships among the physio-chemical 

attributes of dams and the potential combined impacts of these attributes on species richness 

and composition. Relationship between species richness and composition and dam bank height, 

dam use types and dam water sources were analysed for the first time. The present study also 

analysed the relationships between plant species composition and slope, dam use type, age, 

bank height and altitude that have not been included in previous studies. The impact of dam 

seasonality on native and non-native plant species richness were included in the present study.  

The present study also filled the research gap on the relationships among the distribution and 

richness of locally and State scale regional rare plant and invertebrate species. While these 

relationships were analysed for the first time, future studies are needed in other regions and on 

a wider range of biota. As most invertebrate species were not identified to species and not rare 

or endemic frog species were found, the relationship between environmental variables and rare 

invertebrate species and frog species were not included in the present study. Further studies 

can be conducted with wider and more accurate species identification.  

 

Some results of the present study were inconsistent with previous research. The relationships 

between invertebrate species composition and dam size and dam use as stock water supply 

were not consistent with previous studies (Bloechl et al. 2010; Santi et al. 2010; Nakanishi et 

al. 2014). Some previous studies had different results on the relationship between invertebrate 

species richness and phosphorous, water pH, turbidity, nitrogen and conductivity (Bloechl et 

al. 2010; Santi et al. 2010; Hassall et al. 2011). Results of the present study on the impact of 

water depth and turbidity on plant species composition were also discordant with previous work 

(Fioria et al. 2010; Hassall et al. 2011). The present study did not found any predictors for frog 

species composition, while significant relationships had been identified from other studies 

(France 2002; Lemckert et al. 2006; Phillsbury and Miller 2008; Santi et al. 2010; De Lucca et 

al. 2018). Future research is needed on these inconsistences in other catchment areas with 

similar conditions.   
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