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1. EXECUTIVE SUMMARY 
 
We have completed all field work, lab work is nearing completion, and we are on track to 
complete the project successfully. This 2016 annual report constitutes a progress update, and 
provides a preliminary view of some of the key discoveries that are already apparent from the 
data. It does not repeat material given in the 2015 annual report, and does not yet include the 
full analysis that will form the backbone of the final report in January 2017 (see timeline in 
Section 4). Progress against each of the eight project aims is as follows: 
 
Aim A1: Map tidal flat distribution and exposure 
 100% complete. There is a minimum of 216km2 of exposed intertidal substrate in the 

ERMP Survey Area when the tide is in the bottom 10% of its range.  
  However, there is enormous temporal and spatial variation in tidal flat exposure. Across 

the whole ERMP Survey Area, about half of the full extent of intertidal substrate is 
exposed at half-tide. Yet in key shorebird foraging areas, characterised by large 
contiguous tidal flats, exposure of most of the potential foraging habitat is very brief, with 
only 10–25% of the intertidal habitat exposed at half-tide. Moreover, several weeks or 
months can elapse between exposure periods of the intertidal substrate in the lower 
levels of the tidal range. 

  We will integrate our quantitative data on exposure patterns with the benthic sampling 
data to derive carrying capacity estimates. 

 
Aim A2: Measure benthic prey availability 
 90% complete. We collected 1560 benthic samples from six major tidal flats from the 

Fitzroy Delta to Rodds Bay to measure spatial and temporal variation in benthic prey 
availability. All of the samples have been processed and sieved in the laboratory, and we 
have started counting and measuring the animals. Once this final stage of the lab work is 
complete, we will be in a position to report on benthic prey availability. 

 
Aim A3: Estimate how many birds the area can support 
 80% complete. The method for calculating carrying capacity is fully developed, and data 

enabling the calculation will be available by the end of August 2016. Analysis of the pilot 
benthic sampling data suggested rather high capacity to support migratory shorebirds, 
but we need to finalise these estimates based on the full benthic sampling program, and 
including what we now know about patterns of tidal flat exposure, which might mean that 
some of the richest foraging areas are only infrequently exposed by the tide, and 
somewhat variable across the season. 
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Aim A4: Identify priority areas for management 
 60% complete. We have mapped tidal flats, and we have roost site data available from 

previous surveys as well as our own counts. Once the carrying capacity estimates are 
available in September 2016 we will be able to identify priority tidal flats that have the 
potential to support large numbers of birds. 

 
Aim B1: Describe the patterns of flow of birds into the study area, in relation to impacts 
 80% complete. We have modelled the migratory movements of birds through the ERMP 

Survey Area, by developing a method to infer total population size calibrated against 
historical data available from sites across eastern Australia.  

 
Aim B2: Discover how birds move around the study area 
 75% complete. We radio tracked 35 birds of four species using hand-held, aircraft-borne 

and automated receiver systems, and supplemented this with 319 re-sightings of 86 
birds marked locally by us, and 61 birds marked elsewhere. We observed marked birds 
from other states in Australia, as well as Alaska, Russia, Japan, China, and New 
Zealand. 

 Although highly site faithful for most of the time, our individually-marked birds made 
three distinct kinds of movements: 
(i) local commuting flights of up to 10km between alternative feeding and roosting 

locations, strongly associated with tidal patterns; 
(ii) exploratory movements of up to 40km between regions of the ERMP Survey 

Area, and;  
(iii) migratory transitions through the Survey Area. High site fidelity was evident 

within and between non-breeding seasons. 
 

Aim B3: Determine how many birds currently use the study area 
 85% complete. The final step is to analyse our count for the northward migration 

phenology in the same way, and we will be able to provide a complete estimate of the 
size of the migratory shorebird population for each species using the study area, both 
while on migration, and during the non-breeding season. 

 
Aim B4: Identify size of management units 
 50% complete. Preliminary analysis of the tracking and re-sightings data suggest that 

development impacts in the ERMP Survey Area extend well beyond a pinpoint location; 
most shorebird species appear to be moving among a portfolio of roosting and foraging 
areas within a c. 10km radius, and some species only transited the study area and spent 
their non-breeding season further south. 
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 Diurnal and nocturnal movement patterns were strikingly different, such that birds may 
be depending on more than one roost site even during the course of a single 24-hour 
period. This suggest that studies, such as on the impact of light spill, must focus on 
nocturnal roosting and foraging sites, and not necessarily those places where birds are 
present during the day. Longer exploratory movements did occur, but were rarer. This 
suggests that impact assessments must look beyond the immediately impacted area to 
assess possible effects on shorebirds.  
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2. BACKGROUND AND CONTEXT 
 
The conservation outlook for migratory shorebirds in Australia is poor and worsening rapidly. 
Since the completion of the last annual report, six additional shorebird taxa from five species, 
all of which occur in the ERMP Survey Area, were listed on the Environment Protection and 
Biodiversity Conservation (EPBC) Act 1999  List of Threatened Fauna, with great knot and L. l. 
menzbieri bar-tailed godwit as Critically Endangered, red knot and lesser sand plover as 
Endangered, L. l. baueri bar-tailed godwit and greater sand plover as Vulnerable 
(https://www.legislation.gov.au/Details/F2016L00648). Meanwhile, two shorebird species were 
up-listed from Vulnerable to Endangered on the global IUCN Red List (eastern curlew and 
great knot), four from Least Concern to Near Threatened (bar-tailed godwit, red knot, curlew 
sandpiper and red-necked stint; (BirdLife International 2015). Some of these species have 
declined by more than 80% in three generations (Studds et al. in prep), and all occur in the 
ERMP Survey Area. 
 
Analysis of shorebird count data has clearly shown that many migratory shorebird species are 
in severe decline across Australia (Close 2008; Cooper et al. 2012; Creed and Bailey 1998; 
Dawes 2012; Gosbell and Clemens 2006; Herrod 2010; Milton and Harding 2012; Minton et al. 
2012; Minton et al. 2002; Olsen and Weston 2004; Reid and Park 2003; Rogers et al. 2009; 
Rohweder 2007; Szabo et al. 2012; Wainwright and Christie 2008; Wilson 2001), and habitat 
loss, especially on Asian staging grounds, is considered the most serious threat (e.g. Murray 
et al. 2014; Piersma et al. 2016). Shorebird habitat loss is very often direct, with reclamation 
projects or other coastal developments converting shorebird habitat to agricultural or industrial 
land uses that shorebirds are unable to exploit. In addition, declines in the amount of infauna 
accessible to shorebirds can arise from a variety of causes, including weed invasion, pollution 
and over-harvesting; there have been a number of studies demonstrating that such declines 
can cause local or even global declines in shorebird numbers (e.g. Baker et al. 2004; van Gils 
et al. 2006).  
 
The main tidal flat habitat for migratory shorebirds is linear and therefore rather restricted in 
area, and coastal shorebird populations are therefore not particularly large. Moreover, 
migratory shorebirds are dependent on an international network of breeding regions, non-
breeding grounds and stopover sites, and are acutely vulnerable to global population decline 
should any of these essential habitats deteriorate (e.g. Iwamura et al. 2013; Studds et al. in 
prep). All migratory shorebirds that regularly visit Australia are listed as Matters of National 
Environmental Significance (MNES) under the EPBC Act, and are also protected under a 
number of international treaties.  
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Shorebird numbers at non-breeding sites may also be limited by the availability of high tide 
roosts – typically very open and undisturbed areas at the water’s edge where shorebirds loaf 
in flocks when the tide is too high for foraging to occur. Moreover, shorebirds must frequently 
move between foraging areas and roosting areas, and can show different patterns of site 
selection at night compared with during the day, depending on the lunar cycle, so a portfolio of 
sites is usually needed to sustain an individual bird. Thus, even a small development can have 
implications for a much broader area than the development precinct itself. Roosts can be lost 
to shorebirds through construction, weed invasion or frequent disturbance. Loss of roosts can 
force shorebirds to abandon productive foraging areas if there are no suitable roost sites within 
commuting range (Rogers et al. 2006b).  
 
Coastal developments frequently result in loss, or at least modification of shorebird habitat, 
with resultant obligations on government or developers to manage shorebird habitats so that 
shorebird populations do not decline. The concept of carrying capacity has become a baseline 
for management or offsets in such cases: that is, the concept that in any particular shorebird 
site, population size will be limited by the available food supply. In theory, if the size of an 
area, the prey density and the rate at which the shorebirds are able to catch prey successfully 
within it, are known, one can calculate how many shorebirds the area can support. This might 
give clues as to whether a particular development could cause population decline. However, 
great care is needed in assessing impacts in the of carrying capacity estimates. For example, 
birds might often emigrate or starve well before carrying capacity is reached (Goss-Custard et 
al. 2002), and thus predictions based on traditional carrying capacity estimates could under-
estimate the effect of development on shorebirds. Moreover, the number of migratory 
shorebirds present in an area depends not only on local conditions at the site, but also other 
sites along the migratory route or that displaced birds could occupy. 
 
In practice, measurement of carrying capacity of shorebird habitat is difficult. A traditional 
approach is to analyse population trends, the underlying concept being that if habitats are fully 
occupied, counts will be similar from year to year, while if there are substantial annual 
fluctuations, then they cannot be at capacity (at least in years of low numbers). This may 
indeed be a scenario that applies to many Australian sites, given mounting evidence that 
Australian shorebird populations are declining as a result of habitat loss overseas (Clemens et 
al. 2016; Studds et al. in prep; Wilson et al. 2011). However, to be confident in conclusions 
drawn from this approach, it is necessary to be able to demonstrate that there has been no 
concurrent decline in habitat quality. This would be challenging in the ERMP Survey Area, 
given the scantiness of previous data on benthos and shorebird abundance. 
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Estimates of carrying capacity require knowledge of the number of birds that occur on a site. 
Shorebirds lend themselves well to direct counts, as they congregate in relatively small roosts 
at high tide. However, the number of shorebirds present at a site at any one time can be 
considerably lower than the numbers that use the site year-round; Queensland Wader Study 
Group (QWSG) datasets suggest that many shorebirds only use the eastern Queensland 
coast as a stopover area, migrating to non-breeding regions further south. We have used a 
modelling method to estimate passage dates and total number of migrants transiting an area 
(Thompson 1993). In addition to birds captured locally as part of this study, marked birds in the 
ERMP Survey Area include individuals that have been colour-banded or flagged elsewhere in 
the flyway; regular systematic scans for such birds were made at a few accessible roosts to 
determine their movement through the study area.  
 
Radio-telemetry may be a helpful tool in assessing migration dates of the shorebirds in this 
study. However, it was used mainly to develop an improved understanding of local movements 
on non-breeding birds, identifying the scale of movements undertaken by individuals when 
moving between foraging and roosting sites (Rogers 2003), and hence the limits of the area in 
which shorebirds might be affected by Port development. Mark-recapture studies in Europe 
(Rehfisch et al. 1996; Rehfisch et al. 2003) have suggested that some species have very high 
site fidelity and others do not; for example, red knots often move between relatively distant 
roosts, perhaps because they feed on small bivalves which are patchily distributed. 
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3. PROGRESS AGAINST PROJECT AIMS 
 
We have completed all field work, lab work is nearing completion and we are on track to 
successfully complete the project. We have carried out the most comprehensive field study of 
shorebirds that has ever been undertaken in the ERMP Survey Area. Intertidal substrates 
across the whole ERMP Survey Area are mapped, and their patterns of exposure are linked 
empirically with the tidal cycle. This gives us an estimated tidal flat extent at any point in time, 
and combined with data from our comprehensive benthic sampling programme, we will soon 
be able robustly to estimate habitat and food availability to shorebirds. About 1000 person-
days were spent in the field trips, we collected and processed 1865 benthic core samples, 
recorded ~200 videos of foraging birds, conducted ten comprehensive shorebird counts, 
caught and banded 101 birds, and radio-tracked 35 birds.  
 
3.1 Summary of aims 
 
The project is divided into part A and part B, with four aims within each part respectively (see 
2015 Annual Report). We list the aims here, along with a brief summary of progress for each 
(Table 1). We then go on in sections 3.2–3.9 to outline in detail the progress against each of 
them.  
 
The project is primarily focused in the ERMP Survey Area (Figure 1), although given the 
mobile nature of migratory species, and the need to understand their movements and habitat 
linkages in a wider context, the spatial scope of some analyses in this report reaches beyond 
the ERMP Survey Area. 
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Figure 1 Extent of the ERMP Survey Area (yellow boundary). 
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Table 1 Progress against project aims, with an estimate of overall progress, a summary of activity to date, and a list of activities still to be 
completed for each aim.  
 
  % 

Complete 
 

 Activities completed by June 
2015 

 Activities completed by June 
2016 

 Activities required to complete   Due 
PART A: ESTIMATE CARRYING CAPACITY 
 

  
Aim A1: Map tidal flat 
distribution and exposure 

100% Satellite mapping completed. Determine exposure patterns. Already complete. N/A 
Aim A2: Measure benthic 
prey availability 

90% Collected 305 benthic samples. 
Analysed spatial variation, and 
used cost/benefit analysis to 
design sampling program. 

Collected 1560 samples from 
the entire region in the 
second field season.  

Samples from second season need to 
be identified and measured. Spatial 
and temporal analysis of the benthic 
invertebrate abundances in the entire 
study region. 

Sep 
2016 

Aim A3: Estimate how 
many birds the area can 
support 

80% 105 videos of foraging birds 
taken to quantify diet. Method 
developed, worked example 
done. Awaiting benthic sampling 
to complete. 

Another 100 videos of 
foraging birds taken to 
quantify diet. Method fully 
developed, and a worked 
example produced.  

Apply method to produce estimates 
once data from Aim A2 available 

Nov 
2016 

Aim A4: Identify priority 
areas for management 

60% Base mapping completed.  Desktop analysis once data from Aim 
A2 available 

Dec 
2016 

  
PART B: DETERMINE THE SIZE OF THE IMPACTED POPULATION 

  
Aim B1: Describe the 
patterns of flow of birds 
into the study area, in 
relation to impacts 

80% Review of past data complete. 
Method 
developed to use observed 
counts to estimate total 
abundance; paper submitted. 

Paper revised and published.  Repeat the same procedures for 
northward migration. 

Sep 
2016 

Aim B2: Discover how 
birds move around the 
study area 

75% 45 birds leg-flagged, 51 re-
sightings collected; radio 
tracking study designed. 

56 birds leg-flagged, dozens 
of re-sightings collected; radio 
tracking study completed. 

Detailed analysis of movement data 
after excluding invalid records. 

Sep 
2016 

Aim B3: Determine how 
many birds currently use 
the study area 

85% Northward migration counts 
conducted. 

Method developed to use 
observed counts to estimate 
total abundance (Aim B1). 
Southward migration counts 
conducted. 

Desktop analysis to apply the method 
to Curtis Coast migration count data 
once Aim B1 complete. 

Aug 
2016 

Aim B4: Identify size of 
management units 

50% Base mapping complete, all 
movement data collected. 

 Desktop analysis based on results of 
Aims B1-B4. 

Jan 
2017 
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3.2 Map tidal flat distribution and exposure (Aim A1) 
3.2.1. Summary 
Intertidal substrates are crucial for foraging migratory shorebirds, which usually feed by 
probing soft sediment to extract invertebrate prey. Using updated Landsat-based mapping 
produced in June 2016 by Geoscience Australia, we determined that 216km2 of exposed 
intertidal substrate occurs in the ERMP Survey Area when the tide is in the bottom 10% of its 
range. Inundated tidal flat is of course inaccessible to birds, and the dynamics of exposure are 
crucial to understanding carrying capacity. Much of the intertidal area in the ERMP Survey 
Area is only exposed and available to foraging shorebirds at the lower end of the tidal range. 
For example, we estimate that an average of about 100km2 of intertidal substrate was exposed 
at any one time during the calendar year of 2015. Overall across the study area, about half of 
the full extent of intertidal substrate is exposed at half-tide. Yet in the key shorebird foraging 
areas, which are characterised by large contiguous tidal flats, often with very shallowly sloping 
lower regions, exposure of much of the potential foraging habitat is very brief, with only 10%–
25% of the intertidal habitat exposed at half tide. We will integrate these tidal exposure 
dynamics into our final estimates of carrying capacity. 
 
3.2.2. Tidal flat mapping 
We completed de novo mapping of the distribution of tidal flats in the ERMP Survey Area, as 
described in full in our last annual report, and published it in an ISI-listed journal (Dhanjal-
Adams et al. 2016). Since the publication of this work, Geoscience Australia released an 
excellent 25m Landsat-based intertidal mapping product building on our previously published 
method (Dhanjal-Adams et al. 2016; Murray et al. 2012) with several key innovations, 
including: 

(i) using pixel stacks to increase the quantity of data that could be used, and thus the 
quality of the land/water estimate, and  

(ii) overlaying modelled tidal data to estimate how frequently each pixel is exposed 
(see Geoscience Australia 2016 for full details). In brief, the Geoscience Australia 
process for creating the Relative Extents Model began by forming deciles of 
observed tidal ranges from a series of modelled tide heights at the time of each 
Landsat image observation acquisition (using the Oregon State University model 
http://volkov.oce.orst.edu/tides/tpxo8_atlas.html), applied to a manually chosen 
representative location within each one degree cell around the coastline of 
Australia. 

 
A pixel-based median Normalised Difference Water Index (NDWI) (McFeeters 1996) was then 
calculated for each Landsat tile, for each decile interval of each one degree cell’s observed 
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tidal range. The ten NDWI composites derived for each cell were used to estimate the extent 
of exposed substratum at each decile interval of the observed tidal range.  
These deciles were grouped into bands for mapping (0 – Always water; 1 – Exposed at lowest 
0‐10% of the observed tidal range; 2 – Exposed at 10‐20% of the observed tidal range; 3 – 
Exposed at 20‐30% of the observed tidal range; 4 – Exposed at 30‐40% of the observed tidal 
range; 5 – Exposed at 40‐50% of the observed tidal range; 6 – Exposed at 50‐60% of the 
observed tidal range; 7 – Exposed at 60‐70% of the observed tidal range; 8 – Exposed at 70‐
80% of the observed tidal range; 9 – Exposed at highest 80‐100% of the observed tidal range). 
 
The Relative Extents Model has yielded significant improvements in mapping quality for areas 
that had proven difficult to map accurately in the past (e.g. Rodds Bay), and allows inferences 
to be made about the exposure dynamics of each 25m pixel of intertidal substrate, by virtue of 
each pixel being classified as exposed at a certain proportion of the observed tidal range. 
These mapping data form the basis of the tidal flat exposure analyses developed below. 
 
Within the ERMP Survey Area, a minimum of 216km2 of intertidal substrate is exposed when 
the tide is in the bottom 10% of its range, representing an enormous foraging opportunity for 
migratory shorebirds (Figure 2). There are three major concentrations of intertidal substrates: 

(i) the Fitzroy Estuary; 
(ii) Port Curtis, and;  
(iii) Rodds Bay. 

 
Specifically, large intertidal areas occur in the Fitzroy Estuary, Balaclava Island, the northern 
coast of Curtis Island (Figure 2a), Western Basin, the southern coast of Curtis Island, the 
western coast of Facing Island, South Trees Island (Figure 2b), and the sheltered waters of 
Rodds Bay (Figure 2c). Claypans that are rarely inundated by the tide (shown in green on 
Figure 2) are a dominant feature of the intertidal substrates in the region, but are incompletely 
mapped by the satellite method because the sun-synchronous passes of the Landsat satellites 
result in images being unavailable at the extreme upper and lower end of the tidal range 
(Geoscience Australia 2016). Claypans are very rarely used as foraging habitat by migratory 
shorebirds in the region, although they are frequently used for roosting (GHD 2011a) . 
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(a) 

(b) 
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Figure 2 Distribution of intertidal substrates in the (a) north, (b) centre, and (c) south of the 
study area, based on Landsat data at a 25m spatial resolution. Areas exposed at the highest 
80%-100 of the tidal range are interpreted as land (grey), and areas never exposed are interpreted as sea (blue). The dark green areas represent rarely-inundated claypans that are 
exposed at 70-80% of the observed tidal range, and the subsequent colour ramp through pale green, yellow and orange indicates pixels only exposed at decreasing bands of the observed tidal range, culminating in the red areas, that are exposed only at the lowest 0-10% of the 
observed tidal range. See (Geoscience Australia 2016) for a full description of the methods used to produce this dataset. 
 
3.2.3. Intertidal substrate exposure relative to water level 
To estimate how much intertidal area is exposed at different stages of the tide, we produced 
cumulative plots of the total area of intertidal pixels exposed at each band of the observed tidal 
range (Figure 2). Across the whole study area, exposure was relatively linear with respect to 
water level, with approximately half of the full extent of the intertidal area exposed at half tide 
(Figure 3a). However, in the six major tidal flats selected for benthic analysis (Figure 3b-f), 
exposure patterns were rather more non-linear, with most of the intertidal substrate only being 
exposed at the lowest water levels. For example, at Cattle Point, only about 15% of the 
intertidal substrate was exposed at half-tide, and half the intertidal substrate was only exposed 
when the tide was at about 80% of its lowest extent (Figure 3b). 
  

(c) 
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(a) Entire study area  
 

(b) Cattle Point (b) Warner Point 

(c) Pelican Banks (d) Facing Island 

(e) Mundoolin Rocks (f) Rodds Bay 

Figure 3 Area of intertidal substrate exposed at the midpoint of each band of the observed 
tidal range, from the highest observed tide on the left to the lowest observed tide on the right, 
for (a) the entire ERMP Survey Area, and (b) – (f) for each of the six benthic sampling sites (see Section 3.3). 
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3.2.4. Diurnal, lunar and seasonal variation in intertidal substrate exposure  
Tides are enormously dynamic, with much local variation caused by, for example, topography 
and weather conditions superimposed onto combinations of astronomical factors occurring on 
scales from days to years. We explore the consequences of this variability for patterns of 
exposure of intertidal substrate, and hence foraging opportunities for shorebirds in the ERMP 
Survey Area. We linked the Relative Extents Model with water level data at 10-minute intervals 
from the Auckland Point tidal gauge (Gladstone; -23.83, 151.26). From the outset it must be 
borne in mind that while the observed tidal range data used to construct the bands in the 
Relative Extents Model are known broadly to reflect actual tidal variation, the sun-synchrony of 
Landsat passes means that the observed tidal range from the Relative Extents Model will 
underestimate to a varying extent the actual tidal range (Geoscience Australia 2016). Even 
with this caveat in mind, it is clear that there is wide variation in intertidal substrate exposure 
over time (Figure 4). We estimated daily exposure by calculating the mean of the extent of 
exposed intertidal substrate across the 144 10-minute tide gauge readings each day of 2015. 
Estimated mean tidal flat exposure varied from 124km2 (2th September 2015) to 89km2 (16th 
May 2015), and showed rather erratic variation with the lunar cycle reflecting a similar pattern 
in the tidal data, and also a slight seasonal increase in exposure between July and October 
associated with slightly lower daily mean water levels at the tide gauge during this period. 

Figure 4 Daily variation in estimated mean tidal flat exposure across the ERMP Survey Area 
in 2015, alongside daily mean water level from the Auckland Point tidal gauge.  

0

0.5

1

1.5

2

2.5

3

85

95

105

115

125

135

1 J
an 

15
26 

Jan
 15

20 
Fe

b 1
5

17 
Ma

r 1
5

11 
Ap

r 15
6 M

ay 
15

31 
Ma

y 1
5

25 
Jun

 15
20 

Jul
 15

14 
Au

g 1
5

8 S
ep 

15
3 O

ct 1
5

28 
Oc

t 15
22 

No
v 1

5
17 

De
c 1

5

Mean water level (m)
Me

an 
tida

l fla
t ex

pos
ure

 (km
2 )



Migratory Shorebird Monitoring: Understanding Ecological Impact 
 

UniQuest file reference: C01427  Page 23 

3.2.5. Duration of availability of intertidal substrates  
The duration of exposure among different bands of the observed tidal range also showed 
marked variation (Figure 5). This has important implications for foraging shorebirds, because 
the abundance and composition of benthic invertebrates vary substantially from upper shore to 
lower shore. The lowest intertidal band was only exposed on spring tides in 2015, and did not 
get exposed at all in May, June or July, which means 12% (Table 2) of the total intertidal 
substrate was not available for shorebirds to feed on during this period. The lowest four bands 
of the observed tidal range, comprising about 50% of the total intertidal substrate, was only 
exposed for a disproportionally short period of time (c. four hours per day), in contrast to the c. 
15 hours per day of exposure in the highest four bands (Figure 5, Table 2). In other words, for 
shorebird species whose prey is mostly found on the intertidal substrate at the lowest four 
bands, they only have four hours to look for food, and half of this time probably occurs during 
darkness.   

 
Figure 5 Hours per day of exposure for tidal substrate at each band of observed tide heights 
(colours as per Figure 2). The most seaward bands (red, dark orange) are infrequently or 
erratically exposed, while the upper bands are consistently and lengthily exposed every day. This plot can be read cumulatively, for example band 5 (yellow) is consistently exposed for about 10-12 hours per day across the year, while band 3 (mid-orange) is erratically exposed 
between zero and seven hours per day.   
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Table 2 Duration and area of exposed intertidal substrate in 2015. 
Band Total area of the band (km2) Mean hours per day exposed in 2015 Cumulative area (km2) 
9 – land    8 84.76 22.69 84.76 
7 11.26 19.79 96.03 6 4.55 15.91 100.58 
5 8.1 12.37 108.68 4 12.31 8.99 120.99 3 31.87 5.06 152.86 
2 37.94 1.85 190.8 1 25.04 0.27 215.84 
0 – sea    
 
3.2.6. Next steps to finalise Aim A1 
This aim is now complete. Tidal flat mapping is finished, and we now have the data and tools 
to explicitly integrate exposure into the carrying capacity estimates (see section 3.4.1), to take 
account of the varying availability of invertebrate prey at different heights up the intertidal 
substrate, and variation in intertidal substrate exposure caused by water level. 
 
3.3 Measure benthic prey availability (Aim A2) 
3.3.1. Summary 
Results from our pilot study indicated that the pattern of spatial variation in benthos relevant to 
shorebirds occurred at very fine spatial scales within the sampled area. We performed a cost 
(time) - benefit (variance of the mean number of prey items per core) analysis to design a full 
sampling programme for summer 2015/16, selecting two sites from each of the three regions 
supporting major concentrations of intertidal substrate (Fitzroy Delta Figure 6; Port Curtis 
Figure 7; Rodds Bay Figure 8). We also added a temporal component into our design and 
collected benthic core samples on four different occasions from the same site. We collected 
1560 benthic core samples from 780 quadrats, together with key biophysical data associated 
with each sample, including sediment compaction, sediment grain size, water content and 
habitat characteristics. Utilising a team of 15 support staff (Figure 9), we have collected and 
transferred all the benthic samples back to the laboratory and completed the sieving and 
sorting processes. We have just begun counting and measuring the samples, and we estimate 
this process will take six weeks to complete. 
 
Our effort in processing these samples and conserving the intertidal flat for shorebirds was 
featured on Totally Wild (http://tenplay.com.au/channel-eleven/totally-wild/season-23/episode-
133), and a four-part ABC/BBC radio documentary (http://www.abc.net.au/news/2016-06-
17/flying-for-your-life-ann-jones/7459288). 
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Figure 6 Benthic sampling locations in the Fitzroy Delta region, with Cattle Point on the left 
and Warner Point on the right. The yellow, red, green and blue shaded regions represent four 
elevation bands on the intertidal flat, in a descending order. Five quadrats were randomly selected within each elevation range for sampling, and five replicate cores were randomly 
taken from each 3m x 3m quadrat.   
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Figure 7 Spatial benthic sampling quadrats in the Port Curtis region, with Pelican Banks on 
the left and Facing Island on the right.    
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Figure 8 Spatial benthic sampling quadrats in the Rodds Bay region, with Mundoolin Rocks on 
the left and Rodds Bay on the right.  
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Figure 9 Collecting and dragging benthic samples across the mudflat. 
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3.3.2. Methods for measuring benthic prey availability 
Results from pilot studies in the first season were used to inform the design of our full 
sampling programme in the second season (summer 2015/16). A cost (time) - benefit 
(variance of the mean number of prey items per core) analysis indicated that we could collect 
1600 samples from eight sites in four different regions. However, after taking logistical and 
safety considerations into account, we had to exclude the Yellow Patch and Deception Point 
because the former was inaccessible using our vessel while the latter comprises soft 
sediments that made wading too dangerous. Instead of substituting these areas with more 
sites, we decided instead to include a temporal component in the study design, in which we 
collected 360 samples from one site (Pelican Banks) on three occasions as the season 
progressed (October 2015; January and February 2016). This will provide insight into patterns 
of temporal variability of the availability of benthic prey. The final design of our spatial sampling 
involved collecting 1200 samples from six sites in three different regions, as described below.  
 
We used a stratified random sampling approach to locate quadrats from which we collected 
samples. Using the intertidal mapping described in the 2015 Annual Report combined with 
bathymetry data, we divided the intertidal flat in each sampling site into four equal height 
bands. This stratification method was used because inundation time is an important factor that 
influences the benthic community composition. In each height band, 10 quadrats (3m x 3m 
each) were randomly located using the ‘create random points’ tool in ArcGIS. In the spatial 
sampling program, the first five quadrats generated that were at least 200 m apart from the 
nearest one within the same height band were selected. Any quadrat that did not meet this 
requirement was excluded and the next quadrat (in descending order based on generated 
sequence) was chosen instead. A similar approach was used in the temporal sampling 
program, with only the first three quadrats being used and each quadrat required to be at least 
200m apart from the nearest location within the same height band in the current temporal 
period, as well as those in the previous temporal period, to avoid trampling effects.  
  
Upon arrival at a sampling quadrat (3m x 3m), we collected infaunal cores from five random 
locations within the quadrat using a coring device (dimensions: L = 25cm; D = 12.5cm). The 
device was driven into the sediment to a depth of 20cm and the core was then retrieved and 
the top 5cm separated from the rest of the core. The two samples were placed in separate 
labelled sample containers. Dividing core samples by depth in this fashion allows prey 
availability to be independently assessed for shorebirds that employ vastly different feeding 
strategies (i.e. tactile vs visual feeders) or have different bill lengths. The samples were then 
sealed and taken back to the storage facility. Any excess water was decanted through a fine 
10 μm sieve and a 10% buffered formalin solution containing a red stain (Rose Bengal) was 
added to cover the core samples. Samples were left in formalin for at least two days. During 
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this time, the samples were periodically agitated so that the formalin was able to permeate 
through all parts of the samples and bind to all the infaunal organisms held within. After two 
days, the formalin was removed and replaced with a 70% ethanol solution to preserve the 
samples until they were processed.  
 
The core samples were passed through a 500 μm sieve back in the lab and our next step is to 
sort the organism to the appropriate taxonomic level. Individual physiological measurements 
(length, width etc.) will be taken of each organism using a semi-automated photographic 
process. 
 
3.3.3. Next steps to finalise Aim A2 
We will continue with the counting, measuring and identification of the benthic organisms 
collected. We are aiming to complete the sample processing by the end of August, and have 
the data integrated into the carrying capacity estimate by the end of September. 
 
3.4 Estimate how many birds the area can support (Aim A3) 
3.4.1. Summary 
In the last annual report, we presented the results of a literature review and a worked example 
of turning benthic sampling data into estimates of the number of foraging shorebirds a tidal flat 
can support. We will use this approach to estimate how many birds the area can support by 
combining the data on intertidal substrate exposure with the benthic prey availability data once 
they become available in late August 2016. There have been no significant changes to the 
method we intend to use for this. 
 
3.5 Identify priority areas for management (Aim A4) 
3.5.1. Summary 
We have assembled the base mapping that will be used to delineate tidal flats (See section 
3.2), and we have roost site data available from previous surveys (GHD 2011a, 2011b; 
Sandpiper Ecological Surveys 2012; Wildlife Unlimited 2013, 2014). Once the carrying 
capacity estimates are available in September we will be able to identify priority tidal flats that 
have the potential to support large numbers of birds. 
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3.6 Describe the patterns of flow of birds into the study area, in relation to impact 
(Aim B1) 

3.6.1. Summary 
In the previous annual report, we showed that available shorebird count data from the ERMP 
Survey Area are inadequate for estimating how many birds are using the area on migration 
and during over-summering, because of: 

(i) poor count coverage during the migration period, and 
(ii) underestimation of the number of birds using the area if some individuals in the 

population stop briefly and then leave the region before all the non-breeding birds 
arrive. The first problem is illustrated by our observations of at least 140 red knots 
in mid-October 2014 and 382 broad-billed sandpipers in late March 2015. Both 
records exceeded by a large margin the highest previous count in the ERMP 
Survey Area (86 and 32, respectively), even though we only counted 19 out of the 
possible 151 high tide roosts (Wildlife Unlimited 2015). A method for understanding 
the pattern of flow of birds was therefore needed before we can determine the 
number of birds using the ERMP Survey Area accurately. 

 
We developed a novel approach to estimating the numbers of birds using the area by 
modelling the arrival and departure of migratory shorebirds along areas of eastern Australia for 
which there are sufficient data, and have applied these models to count data from the ERMP 
Survey Area. The article on our approach was published in an ISI-listed journal (Choi et al. 
2016). The most relevant finding was an apparent tendency for small-sized shorebird species, 
such as red knot, curlew sandpiper, sharp-tailed sandpiper and red-necked stint to make 
several short hops from northern Australia to southeast Australia. We found that red knots had 
a short passage duration in the east coast of Australia (18-September to 10-October), which 
could be easily missed even if counts are conducted monthly (Choi et al. 2016). With the 
results of this work in mind, we recorded 850 red knots in the ERMP Survey Area in the 
second field season, nearly six times more than the previous highest count, and sufficient for 
the ERMP Survey Area to qualify as a nationally important site for this species (Bamford et al. 
2008). Moreover, we recorded at least three orange-flagged red knots, four white-flagged red 
knots and three orange-flagged curlew sandpipers. These individuals were banded in Victoria 
and New Zealand, providing clear evidence that birds are using the ERMP Survey Area as 
migratory stopover.  
 
Our next step is to use the same approach to describe the northward migration pattern and 
generate the key parameter estimates for a complete estimation on the total number of birds 
using the ERMP Survey Area. 
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3.7 Discover how birds move around the study area (Aim B2) 
3.7.1. Summary 
We radio tracked 35 birds of four species using hand-held, aircraft-borne and automated 
receiver systems, and supplemented this with 319 re-sightings of 86 birds marked locally by 
us, and 61 birds marked elsewhere. We observed marked birds from other states in Australia, 
as well as Alaska, Russia, Japan, China, and New Zealand. Although highly site faithful for 
most of the time, our individually-marked birds made three distinct kinds of movements: 

(i) local commuting flights of up to 10km between alternative feeding and roosting 
locations, strongly associated with tidal patterns; 

(ii) exploratory movements of up to 40km between regions of the ERMP Survey Area, 
and 

(iii) migratory transitions through the ERMP Survey Area. High site fidelity was evident 
both within and between non-breeding seasons. Shorebirds foraged by day and 
night, and some individuals appeared to have roost in different locations by day and 
by night. 

 
3.7.2. Background to bird movement study 
Shorebird movements occur on a variety of spatial scales, complicating management for their 
conservation. On the basis of our previous studies, supplemented by our recent field 
experiences in the study area, shorebird movements appeared prior to the radio-tracking 
exercise to be divisible into three categories, each with a different function. Categories have 
not been formally described previously, but we suspect they may be broadly applicable to 
coastal shorebirds, and indeed they were borne out by the results of the radio-tracking work. 
We refer to them as: 
 
 ‘commuting’ (see section 3.7.3 below). The minimal local movements made by 

shorebirds when they have established foraging areas; 
 ‘exploratory’ (see section 3.7.4 below). Non-migratory movements to locate locally rich 

foraging areas in dynamic coastal habitats; or 
 ‘migratory’ (see section 3.6). Stopovers to rest and refuel in the course of ongoing 

migration to breeding or non-breeding grounds. 
 
The varied scale of these movements, ranging from <10km (commuting movements) to 
thousands of kilometres (migration) poses challenges for shorebird biologists. The ideal tool 
for their study would be GPS tags that log spatial position regularly and transmit the data to 
biologists via satellite. While it is likely that such tools will be developed in the relatively near 
future, prototypes at present remain too heavy to be carried by most shorebird species, and 
too risky for this study. As this approach is not yet feasible on shorebirds, we assessed the 
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movement scales of the shorebirds of the ERMP Survey Area using a combination of 
automatic radio-telemetry to inform on local movements, supplemented by handheld radio-
tracking on the ground and from a light aircraft, combined with re-sightings of individually 
marked birds made by searching for marked birds whenever shorebirds were under 
observation. 
 
3.7.3. Methods for measuring commuting movements 
Commuting flights comprise movements made by shorebirds between high tide roosts and low 
tide foraging areas on a daily basis, and also the suite of movements made over two-week 
periods, as movement routines often vary over a tide cycle. During neap periods tidal flat 
exposure is restricted when the tide is low; during spring periods tidal flat exposure is much 
greater when the tide is low, but this may be offset by more restricted availability of roost sites 
when the tide is high (Rogers et al. 2006a; Rogers et al. 2006b). Moreover, movements can 
differ between day and night; several previous studies have reported shorebirds selecting 
different roost sites at night (Rogers et al. 2006a), apparent reasons including nocturnal 
exploitation of dry roosts that have an inhospitably warm microclimate by day, and the 
reduction of risk of depredation at night when approaching predators are more difficult to 
detect. There have also been studies demonstrating differences in foraging site by night and 
by day (Sitters et al. 2001), including cases where foraging site choice of shorebirds was 
influenced by the presence of artificial lighting (Dwyer et al. 2013), a striking feature in some of 
the ERMP Survey Area. 
 
In tidal systems where there are two low and two high tides per day, shorebirds make four 
commuting flights every 24 hours. The energetic costs of commuting can therefore be 
considerable in regions where foraging sites are far from suitable roosts; regular commuting 
flights of up to 30km (i.e. 120km per day) have been observed in some studies (e.g. Rogers et 
al. 2006a; Sanzenbacher and Haig 2002). In the ERMP Survey Area, where roosts are 
relatively numerous and widespread, opportunistic behavioural observations made during the 
first season of fieldwork suggested commuting flights would range from about 1–10km.  
 
The main tool we used to document commuting was radio-telemetry; we attached VHF radio-
transmitters to small-sized shorebird species (1.3g, model tailmount PIP41 tag, Biotrack Ltd, 
Dorset, UK) and heavier VHF radio-transmitters to larger shorebird species (3.1g, model 
VIG115A tag, Sirtrack, Australia). Transmitters were superglued to the trimmed rump feathers 
of the birds, and all tagged birds were checked carefully before release (Figure 10). Their local 
movements were then documented with an array of automatic radio-receivers (Figure 11, 12) 
when the birds occurred within the detection range of an automatic receiver (~0.5–3km in 
open habitats, depending largely on the elevation of the receiving antenna). Data from the 
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automatic radio-receivers were supplemented by handheld radio-telemetry and behavioural 
observations to build a picture of local movement routines according to tide, weather and time 
of day. They were also helpful in assessing the amount of time spent foraging in different 
areas (thus supporting the carrying capacity component of this study). 
 

 
Figure 10 Radio-tagged grey-tailed tattler just being released; the transmitter is concealed by 
plumage and the back, but the antenna can be seen projecting beyond the tail. 
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Figure 11 Example of an automatic radio-tracking station on Curtis Island, set on an elevated 
position (to increase detection range) overlooking Pelican Banks. 

 
Figure 12 Location of automatic receiver stations and their minimum detection ranges (200-
500m) in the Port Curtis region. Stations RS01 and RS02 were located next to high tide roosts to monitor the roosting sites while NEW1, NEW4 and RS08 were located near the lower 
intertidal flat to monitor the foraging areas.   
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We deployed an array of five automatic receivers in the Port Curtis region between October 
and early November 2015, coinciding with our catching expedition. These receivers were 
deployed at both roosts and key foraging areas in the area around Pelican Banks, southern 
Curtis Island and Facing Island, where we made our catches (Figure 12). We attached more 
than one antenna to all receivers: an omnidirectional antenna that detects birds at relatively 
short range, and a larger, 6-element Yagi antenna that detects birds at longer range, but only 
in a limited bearing. In combination with signal strength (recorded automatically by the data-
loggers) experiments of detection range of each receiver (made with test transmitters carried 
by researchers), this gave us a good indication of the location of birds when signals were 
detected, and of their general movement routines. 
 
3.7.4. Methods for measuring exploratory movements 
Foraging patches in coastal regions are often impermanent, not least because shorebird 
predation can cause local depletion of prey abundance. In addition, some prey resources are 
naturally temporary: for example, immature bivalves favoured by red knots can occur in high 
local densities after a spat fall, but once the bivalves grow to full size they become too large for 
knots to swallow. Shorebirds appear to be remarkably skilled at locating new sites where prey 
is abundant, suggesting that they must explore to sample different areas and find patches with 
high prey abundance. Relatively little is known about these exploratory flights, in part because 
they are likely to be medium-length movements, too lengthy for ready detection in brief radio-
tracking studies, but not long enough for confident identification in satellite-telemetry studies in 
which the geographical precision of fixes is often rather coarse. There is some evidence that 
the range covered in shorebird explorations varies among species (Rehfisch et al. 1996; 
Rehfisch et al. 2003) and even among individuals (Bijleveld et al. 2014). 
 
In the ERMP Survey Area we increased our probability of detecting exploratory flights by 
conducting opportunistic handheld tracking, aircraft-borne tracking (Figure 13) and re-sightings 
of individually marked birds, through which we could detect these infrequent exploratory 
flights. We also set up additional automatic receiver stations in the Rodds Bay region, 40 km 
southeast from the birds’ capture site, to detect exploratory flights (Figure 14).  
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Figure 13 Aerial tracking over the exposed intertidal flat in the Rodds Bay region. The 3-
element Yagi antenna was attached under the wing of the aircraft to improve the reception of 
radio signal.  

 
Figure 14 Location of automatic receiver stations and their minimum detection ranges (200m) 
in the Rodds Bay region.  
3.7.5. Discussion of results to date 
In the first field season (2014–2015), 45 shorebirds were captured in the Rodds Bay region at 
the Mundoolin Rocks; 31 of these were marked with an engraved flag. In the second field 
season (2015–2016), 56 shorebirds were captured and flagged with engraved flags in the Port 
Curtis region on the Facing Island and South Curtis Island. Thirty-five of these individuals from 
the second field season were attached with VHF ‘pip’ radio-transmitters (16 grey-tailed tattlers 
and three terek sandpipers with 1.3g, model tailmount PIP41 tag, Biotrack Ltd, Dorset, UK, 
and eight bar-tailed godwits and eight eastern curlews with 3.1g, model VIG115A tag, Sirtrack, 
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Australia). The tattlers, terek sandpipers and godwits were caught using a cannon net at RS02 
on Facing Island, while the eastern curlews were caught using mist nets near RS01 on Curtis 
Island (Figure 12). 
 
Five automatic receiver stations were set up in the Port Curtis region, supplemented by two 
stations further south in the Rodds Bay region. The former scanned for an average of 72 ± 14 
days while the latter 26 ± 2 days. Around 19,000 records of radio-tagged individuals were 
logged in total between November and February. Two aerial surveys of the entire ERMP 
Survey Area (22-Nov-2015, 27-Dec-2015) and 21 opportunistic manual tracking sessions were 
also conducted. 
 
Table 3 Summary of the seven automatic receiver stations set up in the ERMP Survey Area. 
Station 
name Location Tidal stage 

targeted 
Scanning effort 
(days) 

Number of 
records 

RS01 South Curtis Island High tide roost 76 130 RS02 Facing Island High tide roost 82 14084 
RS08 South Curtis Island Low tide foraging area 73 2857 
NEW1 South Curtis Island Low tide foraging area 81 58 
NEW4 South Curtis Island Low tide foraging 

area 47 339 
RS21 Mundoolin Rocks High tide roost 27 27 
RS22 Rodds Bay (Middle Head) High tide roost 24 1474 
 
Preliminary analysis of the tracking data from the individuals with the highest number of 
records in each species indicated ‘commuting’ and potential ’exploratory’ movements, but 
there were substantial variations among individuals in their patterns of space use (Figure 15, 
16). All of these birds were originally captured and released on Facing Island, near station 
RS02, except the eastern curlews that were captured and released at Pelican Banks. All of the 
tagged birds were detected regularly in the same confined area after release (Figure 17). 
There are several points worth noting about the ‘commuting’ movement. 
 
First of all, it was striking that all species used RS02 as a high tide roost during the day 
(06:00–18:00, high tide records near black or yellow solid dots), but only the eastern curlews 
follow the same pattern at night time (18:00–06:00; Figure 15). The bar-tailed godwits, grey-
tailed tattlers and Terek sandpipers tended to use RS02 as night time roost less often. This 
might be a result of different preferences for safe night time high tide roosts between species. 
Secondly, the roosting birds often use the same roost for several days in a row, especially 
during spring tide, but not for the entire study period. This is best illustrated by grey-tailed 
tattler #9, and such pattern indicated that the birds might change their routines during neap 
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tides and move to other roosts when available. Thirdly, the birds were moving around 
regularly, possibly foraging, at low tide even during the night, as reflected by the irregular 
detection during low tides at night (grey-tailed tattler #29, terek sandpiper #15). There was 
also an increasing tendency for these birds to forage near station RS02 from January 
onwards, as reflected by the increasing number of records during low tide period (white dots).  
Fourthly, grey-tailed tattler #29 and terek sandpiper #15 showed marked increase in usage of 
the area around RS02 from January onwards, which did not occur in other individuals, 
reflecting intraspecific variations in the pattern of space use.  
 
On the other hand, all of these twelve individuals were recorded at least once in the Rodds 
Bay region, suggesting ‘exploratory’ movement between regions during the non-breeding 
season (Figure 18). 
 
In contrast to our tracking study, the banding and resighting work provided evidence for 
‘migratory’ movement. Resighting of coloured leg flags and recapture of birds banded outside 
the ERMP Survey Area indicated that the shorebirds in the study area come from at least 13 
different banding locations (Table 4). One third of these birds were banded in China, and 
another one-third in Victoria. Given the high non-breeding site fidelity, it is likely that the 24 
individuals banded further south in Queensland, Victoria or New Zealand used the ERMP 
Survey Area as a stopover site on their way south.  
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Figure 15 Field plot of data logged by an array of automatic radio-receivers for three eastern 
curlews and three bar-tailed godwits in the Port Curtis and Rodds Bay regions. In this plot, date is shown on the Y-axis, time of day on the X axis, and different symbols denote 
detections by receiving stations in different locations. Size of the symbols corresponds to the strength of signals. The wavy diagonal lines marked by black solid dots show the time of high 
spring tide (peak height ≥ 3.7m), yellow solid dots as high neap tide (peak height < 3.7m) while the white dots show the time of low tide.    
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Figure 16 Field plot of data logged by an array of automatic radio-receivers for three grey-
tailed tattlers and three Terek sandpipers in the Port Curtis and Rodds Bay regions. In this plot, date is shown on the Y-axis, time of day on the X axis, and different symbols denote 
detections by receiving stations in different locations. Size of the symbols corresponds to the strength of signals. The wavy diagonal lines marked by black solid dots show the time of high 
spring tide (peak height ≥ 3.7m), yellow solid dots as high neap tide (peak height < 3.7m) while the white dots show the time of low tide.  
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 Figure 17 Commuting movements in the Pelican Banks/Facing Island area by eight eastern 
curlews, eight bar-tailed godwits, 16 grey-tailed tattlers and three terek sandpipers. Receiver stations are joined by a line when a bird was detected by both stations. Movements beyond 
these five receiver stations are excluded.   
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 Figure 18 Exploratory movements between Port Curtis and Rodds Bay (eight eastern curlews, 
eight bar-tailed godwits, 16 grey-tailed tattlers and three Terek sandpipers). Receiver stations are joined by a line when a bird was detected by both stations.     
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Table 4 Sightings and recaptures of shorebirds that were originally banded outside the ERMP Survey Area. 
 
 Alaska Kamchatka, Russia Sakhalin Island, 

Russia 
Northern Hokkaido, 
Japan 

Yalu Jiang, 
China 

Bohai Bay, 
China 

Jiangsu, China Chongming Dongtan, 
China 

Taiwan Northwest Australia Queensland (Brisbane 
and Toorbul) 

Victoria New Zealand Total 

Bar-tailed godwit 3 0 0 0 1 0 0 5 0 0 0 3 0 12 
Caspian tern 0 0 0 0 0 0 0 0 0 0 0 4 0 4 
Curlew sandpiper 0 0 0 0 0 0 0 0 1 0 0 3 0 4 
Great knot 0 0 1 0 0 0 0 7 0 0 3 1 0 12 
Greater sand plover 0 0 0 0 0 0 0 1 2 0 0 0 0 3 
Grey-tailed tattler 0 0 1 0 0 0 0 0 0 0 0 0 0 1 
Lesser sand plover 0 0 0 1 0 0 0 1 0 1 0 0 0 3 
Red knot 0 0 0 0 0 3 0 1 0 1 0 5 5 15 
Red-necked stint 0 1 0 0 0 0 1 0 0 0 0 3 0 5 
Sand plover sp. 0 0 0 0 0 0 0 1 0 0 0 0 0 1 
Terek sandpiper 0 0 0 0 0 0 0 1 0 0 0 0 0 1 
Total 3 1 2 1 1 3 1 17 3 2 3 19 5 62 
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The resighting dataset also revealed ‘commuting”’ movement of shorebirds within the ERMP 
Survey Area. Sixty-five individually-marked birds from eight different species were 
encountered more than once (Table 5). Forty-one of these individually-marked birds (63%) 
were recorded in different high-tide roosts between encounters, travel distances ranged from 
five to 10km. Despite these documented movements between high tide roosts, none of the 
birds was recorded outside the region where they were first encountered (Table 6). In other 
words, no evidence for ’exploratory’ movement was found using resighting data. 
 
Among the 24 individually-marked birds flagged in the first field season, 15 were seen again in 
the second field season and all of these sightings were made from the same region where the 
birds were flagged, suggesting high site fidelity between years (eight out of 12 bar-tailed 
godwits, two out of five great knots, five out of five grey plovers).  
 Table 5 Distribution of individually-marked birds resighted in the three different regions of the 
ERMP Survey Area. Only those individuals that were encountered more than once are included. 
 
 Rodds Bay  Port Curtis Fitzroy Delta Total 
Bar-tailed godwit 10  9 0 19 
Eastern curlew 0  4 0 4 
Great knot 4  0 1 5 
Grey plover 5  0 0 5 
Grey-tailed tattler 0  26 0 26 
Terek sandpiper 0  2 0 2 
Total 11  41 1 61 
 
Table 6 Summary of shorebird movements between high-tide roosts in the ERMP Survey Area 
based on resighting records. The codes in column headings refer to distinct roost locations. 
 
Species\Movement within 
region 

Rodds Bay Port Curtis All regions 
No change Total 67-

71 
67-71-
75 67-75 GH10A-

GH2 
GH2-
GH10A 

Bar-tailed godwit 8 0 0 1 8 2 19 
Eastern curlew 0 0 0 0 0 4 4 
Great knot 1 1 1 0 0 2 5 
Grey plover 0 0 0 0 0 5 5 
Grey-tailed tattler 0 0 0 0 21 5 26 
Terek sandpiper 0 0 0 0 0 2 2 
Total 9 1 1 1 29 20 61 
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3.7.6. Next steps to finalise Aim B2 
We will continue to verify the tracking data and exclude any invalid records, paying especially 
careful attention to those potential exploratory movements between regions. Automatic 
receiver stations have the advantage of scanning continuously for tagged birds but they are 
subject to electrical interference and other disturbances that need to be identified through 
careful investigation. Our preliminary results based on automatic receiver records indicated 
potential exploratory movements between regions, which are not evident from aerial surveys, 
manual handheld tracking nor resighting data. Thorough inspection of our tracking data will 
give us confidence on our interpretation of the scale of movement in the studied species. We 
deployed several test transmitters during our study so we can formally analyse the likelihood 
of accuracy of records of different signal strengths. 
 
3.8 Determine how many birds currently use the study area (Aim B1) 
3.8.1. Summary 
 
As outlined elsewhere in this report (section 3.6), we have carried out analyses of count data 
from a series of sites along the eastern Australia coast to develop a regional understanding of 
probable shorebird passage in the ERMP Survey Area. In the first field season, we counted 
birds in the ERMP Survey Area during the northward migration in early 2015 and southward 
migration in late 2015. We will formally analyse these data, as well as the count data collected 
in the last few years, to determine overall numbers of birds using the study area (section 3.6). 
We will also describe the pattern of migration flow in relation to impacts, as per the scope of 
works.  
 
3.9 Identify size of management units (Aim B4) 
3.9.1. Summary 
We have completed the base mapping on which these spatially explicit calculations will be 
based. Combined with re-sightings data, radio tracking data, and estimates of total numbers of 
birds using the sites, we will conduct desktop analysis to identify the appropriate size of 
management units for migratory shorebirds in the ERMP Survey Area. 
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4. TIMELINE 
 In Figure 19, we provide a high level timeline of the major tasks to be completed to finalise this project. 

 
Figure 19 Timeline of major tasks remaining. 
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