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1.6 Seabird Habitat Restoration Plan on Big Island 

Big Island has an extensive cover of the vigorous weed species Ipomoea cairica (Coastal Morning 

glory) and Cenchrus clandestinus - previously Pennisetum clandestinum (Kikuyu grass), that grow 

through the spreading of runners to from dense mats. Because of its compact and tangled growing 

pattern, it is actively trapping nesting seabirds; including little penguins, shearwaters and petrels in 

their burrow entrances and resulting in their death from entrapment. The treatment of a 0.9 ha trial 

area commencing in 2014, involving the successful cone spray of a glyphosate 360 gL-1 mix over 

targeted weed species in Area 1, was the first attempt at eradicating the invasive weed species. 

Following the initial spray treatment; three more aerial spray events have occurred on Big Island. 

Area 2, which equates to 0.3 ha, was treated in April 2015 and areas 3, 5 and 6, adding up to roughly 

3.1 ha were treated in 2017 (Berrim Nuru, 2017). The aerial treatment to be conducted in 2018 re-

sprayed over areas 3, 5 and 6 as well as areas east of the area 5 and 6 boundary. The area boundaries 

defined by NSW National Parks and Wildlife Service for the spray treatment and revegetation scheme 

are depicted in figure 1.18 

Figure 1.18: Glyphosate 

area spray boundaries for 

2017 and 2018as defined 

by NSW National Parks 

and Wildlife Service 

(NPWS) in accordance 

with the Big Island 

Vegetation Management 

Plan (Berrim Nuru, 2018). 

Glyphosate treatment over 

2018 also included a large 

area to the right of the 

Area 5 and 6 boundary.  
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Weed treated areas then underwent a revegetation scheme as part of the vegetation management plan 

written by Birrum Nuru Environmental Services of the Illawarra Local Aboriginal Council. This 

involved replanting native plant seedlings in areas 1 and 2 over 2015 and 2016 respectively as well as 

the replanting within areas 3, 5 and 6 over 2017 and 2018. The revegetation scheme involved the 

planting of native plant communities that were previously found on the Island and would result in a 

suitable nesting habitat for seabird species. This included the replanting of species such as Lomandra 

longifolia, Correa alba, Westringia fruticose and Rhagodia condelleana shrubs to name a few (Mills, 

Vegetation of the Oceanic islands of the NSW South Coast. 9. Big Island, The Five Islands Group, 

Illawarra Coast: Exploration, Exploitation and Conservation, 2015). The area boundaries for the Big 

Island Vegetation scheme are outlined in figure 1.19 below.  

Figure 1.19: Area boundaries of Big Island as defined by NSW National Parks and Wildlife 

Service (NPWS) in accordance with the Big Island Vegetation Management Plan (Berrim Nuru, 

2018). 
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1.7 Aims and Objectives 
This paper functions as part of a broader long-term project being conducted by NSW National Parks 

and Wildlife Service (NPWS) and the University of Wollongong, revolving around the use of remote 

sensing techniques to map the flora and fauna of Five Islands Nature Reserve off the coast of Port 

Kembla, NSW. The overall purpose of this study is to assist NSW NPWS in vegetation analysis in 

relation to rehabilitating seabird habitat on Big Island, part of the Five Islands Nature Reserve. This 

study will also be assessing the effectiveness of the weed treatment to date. 

NSW National Parks and Wildlife Service and the University of Wollongong are working together on 

a long-term project using remote sensing to map the flora and fauna of the Five Islands Nature 

Reserve located off the coast of Port Kembla, NSW. The mapping contributes to the seabird habitat 

rehabilitation project that commenced in 2014. This thesis contributes to the long-term project by 

creating the baseline mapping and data interpretation in relation to the weed infestation, weed 

treatment and planting of native species. 

This project in particular will compare raster and vector based approaches to mapping island 

vegetation within a broader context of a 5-year rehabilitation management plan. In this study I will 

utilize raster and vector based spatial mapping techniques to resolve the following management 

questions: 

 How many planted seedlings survived? Determine the success of Lomandra longifolia 

seedlings planted on Big Island by quantifying Lomandra sp. abundance in a subset of 

management regeneration areas where planting effort has been focussed. Success will be 

determined based on the association between current Lomandra sp. abundance and the record 

of individual seedlings planted. 

 

 What areas still need planting? Assess current density patterns of fully grown Lomandra sp. 

on Big Island to determine an optimal distribution strategy when planting new individual 

seedlings. 

 

 What vegetation is present on other islands? Map vegetation distribution and abundance on all 

islands within the Five Islands Nature Reserve through the use of spectral and spatial 

mapping techniques. 

 

 How effective was the weed treatment? Analyse the drone images acquired from before and 

after the May 2018 aerial weed treatment. 

 

 What is the health of the previously planted Lomandra sp.? Visually assess the health of 

Lomandra sp. by analysing individual tussocks based on colour, size and shape, and interpret 

the role of invasive Pigface species and tussock distribution in overall Lomandra sp. health. 

 

 What is the spread of the “exotic” pigface? Map coverage and quantify changes in invasive 

South African Pig face species over time. Specifically focusing on the changes on Big Island 

between 2017 and 2018 using raster based remote sensing techniques. 
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2. Literature Review  

2.1 Remote sensing 

2.1.1 Historical Overview of Remote Sensing 

Remote sensing is defined as the ability to collect detailed information of an object or space without 

physically touching it (W.A Fischer, 1976). In the same way as we use our eyes to sense wavelengths 

of energy, we can use different types of sensors to convert electromagnetic energy into information 

which can be retained and utilised in a multitude of disciplines (Congalton, 2010). The ability to 

obtain knowledge without the need to be physically present is indispensable to the mapping process as 

it allows for a time efficient and more economically sound way to obtain information where the 

analysis on land may be physically unviable (Susan Kathleen Langley, 2001). Remote sensing also 

overcomes previous limitations such as analysing a large study area or enabling the user to frequently 

revisit a study site with minimal effort.  

Although remote sensing technologies have been of rapid advancement in recent years, the ability to 

use areal imagery for human advantage was detected as early as 1858, in the use of analogue 

photography by balloon to take images of Paris from above (Jensen, 2007). The rapid evolution of 

analogue imagery to digital systems can be attributed to the extensive use of areal imagery during 

World War I and II, promoting the development of infrared, radar, and sonar technologies (Moore, 

1979).  

Analogue aerial imagery proved to be useful in defining geographical phenomenon and natural 

characteristics of a landscape. It allowed for the photo interpretation of an image in the same 

perception as the human eye, where features were identified via their size, shape, shadow, pattern, 

tone and texture (Congalton, 2010). However analogue photographs were limited to the wavelengths 

 

Figure 2.1: An image of Thaddeus Lowe, a Civil War Aeronaut in 1862. This image shows 

men in the civil war preparing a hot air balloon for take-off, exemplifying the difficulty 

associated with early methods of remote sensing (Source: Mathew Brady, 1862). 
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of the electromagnetic spectrum that can only be sensed through film. These wavelengths were 

inclusive only of the visible portion of the spectrum as well as infrared and ultraviolet spectrum, 

however due to the three emulsion layer limitation of film, only one of these features could be 

detected at a single time.  

A turning point for remote sensing technology was through the launch of the first Landsat satellite in 

1972. Although the satellite itself was a failure, it was fitted with the first multispectral sensor and 

enabled the capturing of four wavelengths simultaneously (Congalton, 2010). The development of 

multispectral sensors coupled with the limitations of analogue photo imagery; drove the development 

of digital remote sensing. The development of remote sensing has since been driven by groups such as 

the National Aeronautics and Space Administration (NASA) and has greatly improved in quality and 

accessibility since the vast improvement of technologies and computer fields within the twenty first 

century (Blumenthal, 2013).  

2.1.2 Remote Sensing and the Electromagnetic Spectrum 

Remote sensing datasets commonly occur as digital images. Multispectral Scanner System (MSS) 

sensors were carried by the first 5 Landsat satellites which responded to the earth-reflected sunlight in 

four spectral bands to form a digital image. A standard visual sensor is able to recognise and collect 

red, green and blue wavelengths of light. This is also the case of multispectral sensors; however they 

are additionally capable of recognising infrared and ultraviolet radiation, which are non-visible to the 

human eye.  

Remote sensing is dependent on the interactions between matter and energy, in the form of radiation 

that is present in the electromagnetic spectrum. The electromagnetic spectrum is divided into 

wavelengths of light that are travelling at the speed of light. The obtaining of reflectance data in 

multiple wavebands across the electromagnetic spectrum is what enables sensors to provide a unique 

‘Spectral Signature’ that can be utilized for spectral analysis (Rencz, 2004).  

A spectral signature can serve as an individual identifier for ground surface features, such as 

vegetation, soil and water that vary in their reflectance values. The greater the reflectance value the 

brighter the type of land cover appears in an image. As a passive process, visible and reflective 

infrared remote sensing relies on the reflected energy from the sun to exceed the earth’s own emitted 

energy. This region of the spectrum expands across 0.4 to 3 micrometers (µm) and incorporates the 

visible, near and mid-infrared sections of the electromagnetic spectrum. This is referred to as the 

solar-reflective spectral range (Schowengerdt, 2006). 

It can be seen in figure 2.2 that the reflectance of water, soil and vegetation vary greatly in different 

wavelengths. In the visible spectrum between 380 nanometres (nm) and 760 nm the three reflectance 

values are not dissimilar, however the land cover types become more distinguishable as the 

wavelengths become longer in the near- and mid-infrared range. It can be seen that water only reflects 

in the visible light range, whereas vegetation and soil can be best identified in the near and mid-

infrared wavelengths between 0.7-1.5 and 1.5-3.0 µm respectively (Schowengerdt, 2006; Schott, 

2007).  
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The reflectance value of green vegetation is the most significant in the near-infrared range between 

0.7 and 1.5 µm due to its photosynthetic properties. As a growing plant photosynthesizes, the present 

chlorophyll will absorb any visible blue and red light, however it will reflect the infrared light to 

avoid overheating through evaporation (Skidmore, 2002). Specifically, vegetation reflectance values 

within the visible wave-lengths are directly determined by the chlorophyll a, chlorophyll b and 

carotenoids found within the leaf structure (Garratt, 1977). The response of the vegetation within the 

near- mid-infrared spectral wavelengths is attributed to the abundance and configuration of the air 

spaces present within the internal leaf structure (Danson, 1992). These features create a unique 

spectral signature for different vegetation types, meaning they have dissimilar reflectance values and 

in remote sensing we can use these characteristics to identify different vegetation types spectrally. 

Figure 2.3 shows the different reflectance values found amongst varying vegetative types commonly 

found in the agriculture industry.   

Figure 2.3: A graphical depiction of the reflectance values of different vegetation types at 

varying wavelengths to achieve a unique spectral signature (Source: (Kyllo, 2003)) 

 

Figure 2.2: Graph of reflectance values of water, soil and vegetation at different wavelengths. 

Water ranges approximately between 0.3 and 0.7 µm, vegetation between 0.7 and 1.5 µm and 

Soil between 1.5 and 0.3 µm on the spectrum. (Source: Invalid source specified.) 

 


