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Executive summary 

This pilot study aimed to quantify the abundance and breeding of Australian pelican 

Pelecanus conspicillatus at their main breeding site in the South Lagoon of the Coorong 

using cost-efficient, low-disturbance, drone-facilitated monitoring. Digital imagery of North 

Pelican Island was collected using a quadcopter drone at an approximately monthly 

frequency (n = 12) from June 2018 to May 2019. Imagery was used to create an orthomosaic 

(i.e. a geo-referenced, orthocorrected map) for each survey. Orthomosaics were analysed 

using a standardised technique to detect and count individual birds. Australian pelican were 

observed on the island in surveys occurring between July 2018 and February 2019. Estimated 

adult abundance reached a maximum (2,804 individuals) in October 2018, while chick 

abundance peaked (476 individuals) two months later in December 2018. These data can be 

used as a metric for breeding effort and success. Additionally, unlike many traditional 

datasets, the imagery can be reanalysed with refined techniques and to investigate a variety of 

other ecological questions. Given drone-derived data can be collected at low-cost with high 

repeatability and minimal ecological disturbance, we encourage future monitoring of 

Australian pelican on North Pelican Island and other sites to generate a multi-season dataset. 

Such a dataset would provide an opportunity to investigate the population dynamics of this 

indicator species relative to environmental variables to provide valuable insight into the 

ecological health of the Coorong, Lower Lakes and Murray Mouth ecosystem.   
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Introduction 

The wetland habitat in the Coorong, Lower Lakes and Murray Mouth (CLLMM) region is 

internationally recognised as an important bird area (Rogers & Paton 2009). The CLLMM 

supports regionally and internationally significant populations of a range of waterbird 

species, including various colonial-nesting species from seabirds such as gulls and terns, to 

freshwater species including ibis and egrets (O’Connor, Rogers & Pisanu 2013). These 

species are highly dependent on sufficient water flows in order to commence and successfully 

complete their breeding cycle (Kingsford & Auld 2005). Accordingly, when these species are 

monitored effectively, changes in their breeding activity may provide a useful indicator of the 

impact of environmental flows and related management activities.  

The colonial-nesting Australian pelican Pelecanus conspicillatus has been identified as an 

indicator species within the waterbird communities of the Coorong (Paton et al. 2009), 

particularly in the South Lagoon where they regularly breed. It is considered that their 

presence in this part of the Coorong is associated with both changes in food supply, which is 

influenced by abiotic factors such as water and salinity levels, and the presence of suitable 

nesting habitat (Paton et al. 2009). Long term monitoring is important for understanding their 

population dynamics, especially given their natural fluctuations in abundance. For example, it 

is estimated that the species declined by 77.3% in abundance between 1985 and 2000-2007 

(Paton et al. 2009), although, the conclusions that can be drawn from this observation are 

limited due to the historical data being constrained to one year (1985). Since 2000, count data 

of waterbirds including the Australian pelican have been collected yearly. Based on these 

data, the mean abundance of Australian pelican in the Coorong in January is 3,410 

individuals, however, substantial variation has been observed (Paton, Paton & Bailey 2015).  

More recently, Australian pelican abundance and breeding on the Pelican Islands in the 

Southern Lagoon has been opportunistically monitored at greater frequency. Monthly counts 

were completed between July 2009 and June 2011 which included two breeding seasons. 

During this period, adult abundance on North Pelican Island (NPI) peaked in December 2009 

and September 2010 with 2,085 and 2,939 individuals (±10%) respectively (DENR 2010; 

DENR 2011). Following this period of on-island monitoring, less intensive and lower 

frequency monitoring was conducted during the 2012-13 breeding season with three aerial 

surveys occurring between October 2012 and February 2013. These surveys detected a 

cumulative estimated abundance of 1,361 active nests, 3,505 non-nesting birds and 700 

chicks/juveniles on NPI (O’Connor, Rogers & Pisanu 2013). These data provide an important 

baseline of breeding of Australian pelican on NPI. However, both survey techniques require 
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considerable time and personnel investment, can cause wildlife disturbance and can suffer 

repeatability issues.   

Drone-facilitated monitoring is highly suited to colonial birds, such as the Australian pelican, 

when they occur in habitats in which they are detectable from above. The technique provides 

more accurate and more precise data than ground counts (Hodgson et al. 2016; Hodgson et 

al. 2018), and it is highly repeatable. The limited vegetation on the Pelican Islands and their 

close proximity to the mainland make them ideal candidates for drone-facilitated monitoring. 

Trials conducted during the 2017-18 breeding season on NPI indicated the site and species 

would be highly suited to this survey technique (J. Hodgson, unpublished data). Accordingly, 

a drone-facilitated monitoring program of Australian pelican was initiated on NPI for the 

2018-19 breeding season.  

Study objectives 

In this study, we used high resolution drone-acquired digital photographs from surveys 

completed approximately monthly to create geo-referenced and co-registered orthomosaics. 

Focusing exclusively on Australian pelican, we used these orthomoasics to investigate if we 

could quantify the presence and likely breeding status at each time point (i.e. temporal 

variation). Based on our findings, we discuss the utility of this technique for ongoing 

monitoring of breeding Australian pelican on NPI and in the greater CLLMM region.   
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Methods 

Study site 

Surveys of NPI (-36.04°S, 139.56°E), in the southern Coorong, were undertaken 

approximately monthly between July 2018 and May 2019. The exact date of each survey was 

dictated by weather conditions and management activities within the area (Table 1). Over this 

period, we expected to capture the variation in presence of Australian pelican and monitor 

their abundance and breeding. Research was conducted in accordance with wildlife research 

and animal ethics permits.  

Table 1. Overview of the timing of drone surveys of Australian pelican on North Pelican 

Island, between July 2018 and May 2019.  

Survey 

number  

Scheduled month, 

year 

Actual survey date 

T01 July, 2018 18/07/2018 

T02 August, 2018 20/08/2018 

T03 September, 2018 16/09/2018 

T04 October, 2018 18/10/2018 

T05 November, 2018 02/11/2019 

T06*  23/11/2018 

T07 December, 2018 17/12/2018 

T08 January, 2019 10/01/2019 

T09 February, 2019 16/02/2019 

T10 March, 2019 20/03/2019 

T11 April, 2019 19/04/2019 

T12 May, 2019 01/06/2019 

*Survey 6 was an additional survey completed to opportunistically provide a data point on the same day as 

traditional aerial surveys were completed (led by Professor Richard Kingsford).  

Drone flight protocol 

A small, off-the-shelf quadcopter drone (Phantom 4 Pro, DJI) was used as a platform to 

collect high resolution, digital imagery of NPI. Imagery was captured using the aircraft’s 

integrated, gimballed sensor and lens (sensor: CMOS; sensor size: 13.2 x 8.8 mm; lens focal 

length (35 mm equivalent): 24 mm). The aircraft, including remote controller with tablet 

(iPad Mini 2, Apple) and hood, was prepared and calibrated for flight prior to each survey.  

For each survey, a series of the same automated missions (n = 3) were flown to collect digital 

photographs at nadir of NPI. The missions were planned, and subsequently piloted, using 

Ground Station Pro (GS Pro, DJI) at a height of 60 m above surface level. This height 
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resulted in an intended ground sample distance of 1.6 cm/px. Front and side overlap were 

both set to 85%, with photographs (jpeg format, 5472 x 3648 px) captured using the ‘at equal 

distance interval’ mode which produced an intended flight speed of 4.5 m/s and a capture 

interval of approximately 2 seconds. Imagery of neighbouring islands (e.g. Teal Island) was 

collected opportunistically. The aircraft was launched from the shore adjacent to NPI. All 

flights were in accordance with local regulations and permits, and flown by the same licensed 

pilot. 

Image processing 

Digital photographs were grouped by survey. Each group was manually reviewed and 

unsatisfactory images (e.g. overexposed photographs due to light reflecting on water) were 

removed. Datasets were then batch processed using a python script in the photogrammetry 

pipeline software Agisoft Metashape Professional (version 1.5.2, Agisoft, LLC, St. 

Petersburg, Russia). After initial processing, a selection of the same, discrete natural features 

from each survey were labelled and used as ground control points for co-registration of 

surveys products (e.g. to ensure each orthomosaic was in approximately the same position in 

3-dimensional space). Then, batch processing was resumed to generate a variety of products 

at medium-high quality (see Appendix 1 for processing parameters).  

Analysis 

Orthomosaics were imported as raster layers into an open-source geographical information 

system application, QGIS (version 3.8.3, QGIS Development Team). After ensuring 

orthomosaics were free of processing artefacts, the abundance of Australian pelican at each 

survey was determined using a standardised technique (Hodgson et al. 2016; Hodgson et al. 

2018). To do this, a 15 m grid was overlayed and individuals were manually visually detected 

and digitised using a point shapefile. The same person completed all annotations by moving 

cell-by-cell (left-to-right, top-to-bottom) across the island and zooming as needed to 

error-check detections. When necessary, the annotator toggled between sequential surveys to 

differentiate Australian pelican from other features (e.g. a rock versus a small, down-covered 

chick). Only non-flying individuals above the high-water line were digitised. Individuals 

were categorised into two classes using standard features and behavioural characteristics: 

a. Adult: individuals of mature size in adult plumage. This class included courting birds 

(which could often be differentiated by their gular pouch colouring and ‘pairing’ 

behaviour), incubating individuals which were at a consistent density and adult birds 

of unknown breeding status. Dead birds were excluded.  
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b. Chick: this class ranged from small, down-covered chicks to fledglings. As chicks are 

altricial and naked when the hatch, they are restricted to the nest and are covered by 

their parents until they can independently thermoregulate. The period chicks are 

restricted to the nest typically lasts for 10 days (Johnston 2016). Accordingly, these 

individuals were not detectable in the orthomosaics and are thus excluded from 

analysis. Additionally, given Australian pelican usually lay multiple eggs but 

ultimately raise a maximum of one to fledging, dead chicks were not digitised. 

Shapefiles were exported to provide a total count of each class per survey.   



Pelican breeding on NPI, July 2018 - May 2019   

9 

Results 

Australian pelican were observed at NPI for the majority (75%) of surveys (Table 2; 

Figure 1), being those between July 2018 and February 2019. No individuals were observed 

on Teal Island throughout the study period.  

Adult presence on NPI can provide an indicative measure of the population’s breeding effort 

(Table 2; Figure 2). Estimated abundance increased steadily from 208 individuals in July 

2018 to 2,804 individuals in mid-October. This estimate is comparable to the maximum 

estimated abundance (2,939 ±10% individuals in September 2010) during the 2010-11 

breeding period (DENR 2011). Estimated abundance then decreased at a similar rate over the 

next two months to December 2018. During January and February 2019, the estimated 

abundance declined less rapidly than in the preceding months, presumably influenced by a 

stabilisation in chick survival relative to chick age, and a reduction in parental dependence. 

No adults were observed on NPI from the March 2019 survey onwards. In interpreting these 

data, it is important to note that not all adults would have been actively breeding in a given 

survey and in some cases both parents may have been present on the island. 

The abundance of chicks can be used as an indicator of Australian pelican breeding success 

on NPI (Table 2; Figure 3). The first chicks (5 individuals) were detected in October 2018, 

with considerable individuals present in November and December (369 and 476 

respectively). The number of chicks was relatively constant in January and February, with no 

individuals observed from March onward. The number of chicks who successfully fledged 

from NPI cannot be determined, however counts of chicks using this technique could be used 

to calculate a metric of success for multi-season comparisons.   
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Table 2. Estimated abundance and breeding status of Australian pelican on North Pelican 

Island, between July 2018 and May 2019.  

Survey 

number 

Survey 

date 

Abundance Status* 

Adults Chicks^ Court. Nest. Sml. chk. Lrg. chk. 

T01 18/07/2018 208 0 Y    

T02 20/08/2018 709 0 Y Y   

T03 16/09/2018 2011 0 Y Y   

T04 18/10/2018 2804 5 Y Y Y  

T05 02/11/2019 2136 82 Y Y Y  

T06* 23/11/2018 1563 369 Y Y Y Y 

T07 17/12/2018 523 476 ? Y Y Y 

T08 10/01/2019 336 278  Y Y Y 

T09 16/02/2019 267 268 Y Y Y Y 

T10 20/03/2019 0 0     

T11 19/04/2019 0 0     

T12 01/06/2019 0 0     

*This is an indicative status across the island for each survey. Court = courting (e.g. pairing, gular pouch 

colouration evident); Nest = nesting (i.e. nest evident, presumed incubating or covering a non-visible, naked 

chick); Sml chk = small down-covered chicks visible; Lrg chk = larger chicks with feathers. 

^Refer to methods for definition – this only includes visible chicks and does not include pre-down chicks.  

 

 

Figure 1. Estimated adult and chick Australian pelican abundance on North Pelican 

Island, between July 2018 and May 2019. Abundance data are derived from approximately 

monthly drone surveys with a smooth line fitted. Refer to methods for chick definition. The 

daily mean water level (Australian Height Datum) of the Coorong South Lagoon is presented 

on the secondary axis.    
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Discussion 

In general, this study demonstrated that detecting Australian pelicans in orthomosaics derived 

from drone imagery is highly achievable. Small, down-covered chicks were the hardest to 

detect as they could appear similar to small rocks. However, given the orthomosaics were so 

accurately co-registered (i.e. highly geographically aligned over time), potential false 

positives could be confidently omitted by comparing the area in question to other surveys. 

Larger chicks were easily identified, however, future monitoring and analyses need to be 

cognisant that large moulted chicks and fledglings can be difficult to differentiate from an 

adult bird depending on their orientation. Detections in this study were completed manually, 

however, initial results suggest that semi-automated approaches are likely to be effective and, 

once operational, may significantly reduce labour and cost.  

Estimated adult abundance is presented as an indicator for breeding effort as accurately 

differentiating between breeding and non-breeding individuals in a single drone-facilitated 

survey can be difficult. However, the techniques developed in this study resulted in highly 

accurate spatial data (e.g. position co-ordinates of adults) which could be used to calculate a 

metric for breeding effort/success that is likely to be more robust than estimated adult 

abundance. For example, although it is beyond the scope of this report, breeding effort could 

be defined as the number of adults who occupied approximately the same location (e.g. 

within 0.4 m radius) on two or more consecutive surveys, over the duration of the breeding 

season. Provided sufficient temporal resolution, this metric would provide a count of the 

number of breeding attempts of ‘considerable’ parental investment within a given time 

period. While a realistic sampling frequency would not detect all breeding attempts (e.g. 

sampling every 3 weeks would detect breeding attempts with a minimum duration of 18 days, 

but in a worst case would miss an attempt of 34 days in duration), the strength of such a 

metric is that it is highly standardised, highly repeatable and less likely to record false 

positives than traditional techniques (e.g. traditional aircraft surveys).  

The dataset collected during this study demonstrates the high spatial and temporal resolution 

that can be achieved using drone-facilitated ecological monitoring. As this pilot study was 

constrained to an 11 month sampling period at one site, it only captured one breeding season 

of Australian pelican thereby limiting the ecological conclusions that can be made. However, 

with a multi-season dataset it is likely that considerably greater ecological insight could be 

obtained. There is also potential to use such a dataset to concurrently investigate related 

questions (e.g. vegetation change). 
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Figure 2. All Australian pelican adult detections across the sampling period. The 

locations of adults are represented by circles, with a unique colour for each survey (i.e. T01-

09; see Table 1 for actual dates). The T02 orthomosaic is shown. See Appendix 2 for 

individual survey maps.  
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Figure 3. All Australian pelican chick detections across the sampling period. The 

locations of chicks are represented by circles, with a unique colour for each survey (i.e. T04-

09; see Table 1 for actual dates). The T09 orthomosaic is shown. See Appendix 2 for 

individual survey maps.  
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Conclusions and recommendations 

This study confirmed the utility of drone-facilitated monitoring of Australian pelican in the 

CLLMM. North Pelican Island was surveyed on 12 occasions between July 2018 and May 

2019. These surveys provided abundance estimates for adults and chicks, which can be used 

to infer the population’s breeding effort and success. While this baseline provides temporal 

and spatial resolution exceeding historical surveys, the ecological insight is currently limited 

to one breeding season. Given the demonstrated precision and accuracy of drone-derived data 

of colonial birds (Hodgson et al. 2018), and the cost and time efficiencies the technique 

offers for monitoring islands such NPI, we encourage the utilisation of this low-impact 

technique for longer term monitoring of Australian pelican in the CLLMM.  

Based on the results of this pilot study, we specifically recommend: 

a. Continuing drone-facilitated monitoring of Australian pelican abundance and relevant 

breeding metrics on NPI (and neighbouring islands) to generate a multi-season 

dataset. As demonstrated in this pilot study, accurate abundance data are easily 

extracted using this technique, however determining breeding effort and success over 

time should be a priority. This will require frequent sampling and the development of 

robust metrics (e.g. using spatial analyses as discussed). This will provide the 

opportunity to investigate the population dynamics of one of the region’s indicator 

species and better quantify the potential drivers for spatial and temporal variations in 

their demography. Additionally, we suggest: 

i. Investigating the possibility of extending the monitoring program to include 

other bird species (particularly piscivorous species that breed in colonies, such 

as terns) and other strategic sites where colonial birds have frequently bred in 

the CLLMM. Consideration should be given to using the same methods to 

concurrently monitor the same species at suitable control sites.  

ii. Integrating the monitoring program with related research (e.g. location 

tracking of breeding birds to quantify their foraging range and use of the 

CLLMM region) to achieve greater system understanding. 

b. Considering the utility of using drone-derived data (e.g. vegetation cover; see 

Appendix 2) to cost-efficiently investigate other ecological questions of interest.  
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Appendix 1. Agisoft Metashape processing parameters. Chosen processing parameters for 

each survey.  

Processing parameters Value 

Point cloud – alignment  

   Accuracy High 

   Generic preselection Yes 

   Reference preselection No 

   Key point limit 40,000 

   Tie point limit 4,000 

   Adaptive camera model fitting Yes 

Dense point cloud  

   Depth map quality Medium 

   Depth map filtering mode Mild 

Model – reconstruction  

   Surface type Height field 

   Source data Dense cloud 

   Interpolation Enabled 

   Strict volumetric masks No 

Texturing  

   Blending mode Mosaic 

   Enable hole filling Yes 

   Enable ghosting filter Yes 

DEM  

   Source data Dense cloud 

   Interpolation Enabled 

Orthomosaic  

   Blending mode Mosaic 

   Surface DEM 

   Enable hole filling Yes 
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Appendix 2. Maps (1-12) detailing the presence and abundance of Australian pelican for 

each survey (T01-T12). The background imagery for each map is an orthomosaic (i.e. a 

high-resolution, geo-referenced and ortho-corrected image generated via mosaicking ~800 

drone-acquired, digital photographs). For each survey, Australian pelican were manually 

digitised into two age classes (adults and chicks) if present.   
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