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Abstract 
The major aim of  a citizen science project undertaken by Conservation Volunteers 
Australia was to increase knowledge and awareness of  the shorebirds and the invertebrates 
that they rely on for food during their epic annual migratory journeys. Shorebirds were 
counted at ‘Shorebird 2020’ sites at Ludmilla Bay in Darwin Harbour during a count 
in 2018. A total of  897 individuals of  15 species of  shorebirds (plus 59 individuals 
of  6 other vertebrate species) were recorded. Invertebrate samples were taken from 
21 sites spread across Ludmilla Bay and from low to high tide at the same time of  
year. In total 63 samples were taken from 21 sites for invertebrates and they yielded 
a total of  34 species-level taxa. Taxa of  annelids, molluscs, crustaceans, echinoderms, 
cnidarians, brachiopods and nemerteans were recorded. The invertebrate diversity was 
higher at either end of  Ludmilla Bay, particularly around East Point at the northern end. 
Involving volunteers in this citizen science project was a key to its success in achieving 
its goals, including increasing awareness about these low-profile invertebrate and bird 
species. A total of  53 volunteer days were contributed by participants in this project, 
equating to over 400 person hours.

Introduction

Ludmilla Bay is one of  nine Darwin shorebird count areas included in the ‘Shorebirds 
2020’ annual census which collects data to contribute to protection of  the area for 
shorebirds and increase the level of  community awareness about this special group 
of  birds. With the assistance of  volunteers – local and international – Conservation 
Volunteers Australia (CVA) recorded the shorebirds and the invertebrates they rely 
on for their annual migratory journeys. Involving volunteers in this citizen science 
project was a key to the project’s success in achieving the goals, including increasing 
awareness about these low profile species. Data collected as part of  ‘Shorebirds 2020’ 
is instrumental in monitoring population trends for migratory shorebird species that 
regularly visit Australia and was a key driver for the listing of  several migratory shorebird 
species, including the Eastern Curlew, which is listed as Threatened under the Environment 
Protection and Biodiversity Conservation Act (Weller & Lee 2018).



Ludmilla Bay (Figure 1), in the heart of  suburban Darwin, is a mangrove-lined intertidal 
mud- and sand-flat with a creek entering at the western end. Nightcliff  Rocks site, at the 
eastern end of  the Bay, features a rocky platform and a rocky spit stretching out near 
the jetty. East Point sites A and B are on opposite sides of  the Point. East Point A is a 
sandy/muddy area with mangroves. East Point B is rocky. 

Shorebirds feed on mudflats at low tide and roost on higher ground at high tide including 
the rocky platforms and outcrops at each end of  Ludmilla Bay. Some fly up to 12,000 km 
each way on their migration from the Northern Hemisphere, so they need to feed on 
their way in and out of  Australia and other southern destinations. For this project, these 
shorebirds were counted at ‘Shorebird 2020’ sites at each end of  Ludmilla Bay in August 
2018. As expected, the shorebird counts showed an increase in bird numbers between 
August and January when most of  the birds arrive in Australian sites from the Northern 
Hemisphere. Clearly, the area is a prime feeding area for visiting and resident shorebirds.

Shorebirds have bills of  different length suited to their feeding habits (Figure 2). Eastern 
Curlews have the longest bill. If  the mud-flat is permeable enough, a Curlew can push 
its bill, and even some of  its head, 15 cm into the mud (Finn 2009). Therefore, the core 
samples for invertebrates (see below) were taken to 20 cm depth to ensure they sampled 
the mud to a depth that includes the reach of  Eastern Curlews.

Threats to shorebirds include human disturbance (particularly from recreational 
activities), habitat loss and degradation, and invasive plants that can make feeding and 
roosting habitats unsuitable (Weller & Lee 2018).

The North Darwin Shorebird Area (Figure 1) starts at East Point to the north of  the 
Darwin central business district, includes Ludmilla Bay which is the focus area of  this 
project, and continues to Gunn Point at the eastern end of  Shoal Bay. The North Darwin 
Shorebird Area is considered internationally significant (supporting more than 1% of  
the flyway population) for the migratory species Great Knot (Calidris tenuirostris), Greater 
Sand Plover (Charadrius leschenaultia), Red Knot (Calidris canutus) and Grey-tailed Tattler 
(Tringa brevipes). It is also considered nationally significant (supporting more than 0.1% 
of  the flyway population) for several more migratory shorebirds: Black-tailed Godwit 
(Limosa limosa), Red-necked Stint (Calidris ruficollis), Little Curlew (Numenius minutus), 
Grey Plover (Pluvialis squatarola), Sanderling (Calidris alba), Lesser Sand Plover (Charadrius 
mongolus), Whimbrel (Numenius phaeopus), Terek Sandpiper (Xenus cinereus), Sharp-tailed 
Sandpiper (Calidris acuminata), Ruddy Turnstone (Arenaria interpres), Eastern Curlew 
(Numenius madagascariensis) and Wandering Tattler (Tringa incara) (Weller & Lee 2018).

A major aim of  this project was to increase knowledge and awareness of  the coastal 
benthic invertebrates of  the area that constitute the diet of  these shorebirds. The 
invertebrates are part of  a complex and fascinating ecosystem about which little is 
known and they are commonly ignored in marine research and education (Baker et al. 
2015). While invertebrate studies have been previously undertaken in and around 
Darwin, particularly in Darwin Harbour, little information from the results is available. 
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Invertebrate samples were taken from 21 sites spread across Ludmilla Bay and from 
low to high tide on several occasions in 2018. The number of  invertebrates found in 
samples was similar in August, November and December. The density of  invertebrates 
was greatest around the creek at the East Point end of  the Bay and a smaller area at the 
Nightcliff  end of  the Bay. 

This project aimed to take a snapshot of  the habitat value of  Ludmilla Bay’s intertidal 
zone. As a Site of  National Importance for Migratory Shorebirds, it is expected that the 
mud-flats there would support a high number of  invertebrates that are suitable food for 
the shorebirds. 

The project’s objectives were to:

(i)  assess the habitat value and increase understanding of  the linkages of  intertidal 
invertebrates and shorebird prey at Ludmilla Bay;

(ii)  raise awareness of  the environmental value of  Ludmilla Bay;

(iii) recruit, train and manage community volunteers in local environmental monitoring 
activities.

A report summarising the results of  these surveys (Winderlich & O’Dea, 2019) was 
prepared for CVA in April 2019. This article provides a more scientific summary of  
the program with additional information.

Figure 1.  North Darwin Shorebird Area including Ludmilla Bay at the south-western end.  
Source: Birdlife Australia.



Acronyms
BA BirdLife Australia 
CDU Charles Darwin University, Darwin, Australia 
CVA Conservation Volunteers Australia 
DENR Northern Territory Government Department of  Environment and Natural 

Resources
ECU Edith Cowan University, Perth, Australia

MAGNT Museum and Art Gallery of  Northern Territory, Darwin, Australia

Materials and Methods
Bird counts

Bird count sites, as registered with BirdLife Australia, were visited at high tide. The 
counts were done on the same day as the August 2018 benthic samples, but within two 
hours either side of  high tide. Counts were made at Nightcliff  Rocks near the jetty 
where the shorebird sign is located, and also at East Point sites A and B (see co-ordinates 
in Table 1).

All water birds seen were counted and recorded with other observations on the 
‘Shorebird 2020’ record sheet. The birds were identified using binoculars and a spotting 
scope. The results were registered on the ‘Shorebird 2020’ database where figures were 
also sourced for dates between October 2018 and January 2019.

Benthic invertebrate samples

The Ludmilla Bay invertebrate survey took place within the ‘Shorebird 2020’ area 
between East Point and Nightcliff  beach, Darwin (see map Figure 7) at low tide. The 
dates the invertebrates were sampled were 28 and 29 August 2018, 27 and 28 November 
2018, and 11 and 12 December 2018.

Figure 2.  Shorebirds have bills of  different lengths suited to their feeding habits. (Anne O'Dea)
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Sample sites were accessed by foot from either end of  the Bay. Three samples were taken 
on seven transects roughly spread across the Bay (approx. 40 m between transects). The 
three samples were taken on each transect in the high, middle, and low intertidal zones 
(see co-ordinates in Table 1 and map Figure 7). The high intertidal zone samples were 
taken at least 100 m from the mangroves to respect the Kulaluk land boundary. It should 
be noted that this boundary could have some implications for the diversity of  species 
collected (see Discussion).

In the field, at each sample site: 

• A line on the Mud Data Sheet was filled out;

• A surface count of  visible larger animals was made in a 50 cm2 quadrat;

• A 100 mm diameter core made of  PVC-pipe (see Figure 6) was pushed down to 
a depth of  20 cm (less if  the corer hit a hard layer below in which we expect no 
benthic animals would be living and it is assumed that shorebirds would also not 
be able to penetrate). To remove the corer without losing the sample, it was twisted 
180 degrees and pulled out slowly at an angle with a thumb placed over the air hole; 

• The core was washed on site with seawater through a 1 mm mesh sieve into a 
bucket; 

Sample number GPS Label Sample label Latitude (oS) Longitude (oE)

Example Lud 1 Lud 1 12.39978 130.84270
1 LudM1 LudM1 12.38856 130.84349
2 LudH1 LudH1 12.38952 130.84544
3 LudL1 LudL1 12.38807 130.84160
4 LudM2 LudM2 12.39512 130.84847
5 LudL2 LudL2 12.39062 130.84041
6 LudH2 LudH2 12.39333 130.84464
7 LudL3 LudL3 12.39370 130.83832
8 LudM3 LudM3 12.39497 130.84135
9 LudH3 LudH3 12.39558 130.84338
10 LudM7 LudM7 12.40480 130.82744
11 LudL6 LudL6 12.40462 130.83179
12 LudM5 LudM5 12.40242 130.83487
13 LudM4 LudM4 12.40080 130.83774
14 LudL4 LudL4 12.39653 130.83459
15 LudL5 LudL5 12.39900 130.83191
16 LudH7 LudH7 12.40524 130.82712
17 LudH6 LudH6 12.40668 130.83124
18 LudM6 LudM6 12.40625 130.83141
19 LudH5 LudH5 12.40589 130.83656
20 LudH4 LudH4 12.40257 130.83966
21 LudL7 LudL7 12.40241 130.82864

EXTRA wormhole 12.38848 130.84351

Table 1.  Benthic survey sample sites.

Invertebrates as food for migratory shorebirds Northern Territory Naturalist (2021) 30 19



• The material remaining on the sieve was washed with sea water into a white tray (to 
maximise visibility of  specimens) with approx. 1 cm deep clear sea water. All visible 
(2 mm or larger) invertebrates were collected with plastic tweezers and placed in 
75% ethanol sample vials. All animals from a single core sample were placed in a 
single vial; 

• A waterproof  label indicating the sample site and the date was added to the vial.

For each sample, the composition of  the sediment was recorded as Mud (M), Sand (S), 
Shell (Sh) or Rock (R) in order of  greatest to least (e.g. S, M, Sh = Mostly sand, then mud 
and least shell, no rock).

Figure 3.  East Point B bird count site. (Anne O’Dea)

Figure 4.  Nightcliff  Rocks Site. (Anne O’Dea)

 20 Northern Territory Naturalist (2021) 30:  15-35 O'Dea & Winderlich 



For each sample site, the permeability of  the substrate was recorded as FS = foot sinks, 
C = core pushed in by hand, H = hammer needed to push core in. 

Figure 6.  Method for invertebrate sampling. (Steve Winderlich)

Figure 5. Volunteers and CVA staff  monitor shorebirds. (Steve Winderlich)
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The biological samples were taken back to the CVA office and refrigerated. The following 
day each sample was sorted in a sample tray. The maximum length of  long species, or 
width of  wide species was recorded to the nearest 2 mm. 

Each animal was photographed using a Dinolite portable USB microscope. Ideally, each 
specimen was photographed on a black and then on a white background, taking care to 
include the whole animal and achieving fine focus. Each photo was saved into a folder 
matching the sample site label, and each invertebrate given an individual folder and label, 
example [LudM7worm1 33 mm]. The photos and samples were used to identify each 
organism to the lowest possible taxonomic level based on morphological characteristics.

The samples were subsequently given to staff  at MAGNT for identification. Following 
identification, some of  the more significant specimens were added to MAGNT’s Natural 
Science collections.

Results
A total of  21 core sample sites were each sampled in August, November and December 
2018. While one site was too wet in December, an extra site was sampled in August. 
A total of  240 invertebrates were recorded from the 63 samples with an average of  
3.8 invertebrates found in each sample, including surface species observed in a 50 cm2 

quadrat. 

The majority of  invertebrate taxa were present at all the samples, but brachiopods 
(Lingula anatina) were found only in the Lud6 samples.

A total of  61 specimen lots of  molluscs, seven specimen lots of  annelids and two 
specimen lots of  echinoderms from these samples were deemed useful additions to the 

Figure 7.  Sampling sites for invertebrates.
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MAGNT’s Natural Science collections after identification, so they were databased and 
incorporated into the collections.

Awareness of  the value of  Ludmilla Bay
All volunteers involved with the project received information about shorebirds, benthic 
invertebrates and the part Ludmilla Bay plays as a feeding area for resident and migratory 
shorebirds.

Adrian Williams (Conservation Officer for CVA) attended the Darwin Threatened 
Species Day event in September 2018 where he highlighted the work of  the organisation 
to protect threatened species. The event included a display. The event also highlighted 
shorebirds and Adrian spoke to interested visitors about the Ludmilla Bay project to 
help raise awareness of  the environmental value of  the Bay 

Community involvement in monitoring

Community volunteers contributed 53 days to monitoring for this project, equating to over 
400 person hours. This included teams working on the shorebird surveys, collecting and 
processing the core samples, collating and photographing the specimens from the core 

 Species East  
Point A 

30/8/2018

East  
Point A 

26/1/2019

East  
Point B 

28/8/2018

East  
Point B 

26/1/2019

Nightcliff  
rocks 

28/8/2018

Nightcliff  
rocks 

12/10/2018

Spot On 
Marine 

30/8/2018

Spot On 
Marine 

19/3/2019
Notes      Dingoes 

present
No birds

Total birds 89 186 196 116 104 265 2 0
No of  species 6 12 12 8 13 15 1 0
Australian Pied 
Oystercatcher

0 0 0 0 2 2 0 0

Beach Stone-curlew 0 0 2 0 0 0 0 0

Common Sandpiper 0 20 6 4 5 4 2 0
Crested Tern 0 5 2 0 2 5 0 0

Eastern Curlew 0 0 0 0 0 1 0 0
Eastern Reef  Egret 0 0 1 0 0 2 0 0

Great Knot 0 3 0 5 1 0 0 0
Greater Sand Plover 2 65 58 22 48 111 0 0
Grey Plover 0 0 0 0 0 12 0 0
Grey-tailed Tattler 65 34 2 23 11 16 0 0
Lesser Sand Plover 0 16 0 14 1 6 0 0
Little Tern 0 2 0 0 0 0 0 0
Masked Lapwing 0 2 8 0 5 2 0 0
Pacific Golden 
Plover

3 0 2 0 5 0 0 0

Red-necked Stint 0 0 107 0 3 86 0 0
Ruddy Turnstone 14 25 6 19 0 5 0 0

Silver Gull 0 0 1 0 7 2 0 0
Striated Heron 0 1 0 2 0 0 0 0
Terek Sandpiper 0 10 0 8 1 5 0 0
Whimbrel 5 3 0 0 13 6 0 0
Whistling Kite 0 0 1 0 0 0 0 0

Table 2.  Summary of  shorebird monitoring results.
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samples, and assisting with the display 
for Threatened Species Day. This 
highlights the value of  organisations 
such as CVA in continuing to engage 
in citizen science and make a positive 
contribution to threatened species 
understanding and management.

Discussion 

Shorebirds

Ludmilla Bay is one of  nine Darwin 
shorebird count areas included 

August               November         December

3.5

3

2.5

2

1.5

1

0.5

0

Figure 8.  Average number of   
invertebrates found in samples.

Figure 9.  Population density of  invertebrates in Ludmilla Bay. (Map prepared by Darren 
Kennedy, Conservation Volunteers Australia)
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in ‘Shorebirds 2020’ which is co-ordinated by BirdLife Australia and involves 1600 
volunteers at over 460 locations Australia wide. The Darwin areas have been regularly 
monitored, mainly by interested residents, since 1980 (Weller & Lee 2018), so there 
are quite a lot of  data relating to the shorebirds that frequent the area. Data like this 
have contributed to protection of  the area and some level of  public awareness. For 
example, a Birdlife Migratory Shorebirds sign has been erected at the Nightcliff  Rocks 
site (Figure 12). 
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12.38848 130.84351 S, M, Sh C 5 2 0 2 0 0 1 0 0 0

LudL1 12.38807 130.84160 S, M, Sh C 21 7 0 3 4 0 7 0 0 0

LudM1 12.38856 130.84349 S, M, Sh C 4 0 0 3 0 0 1 0 0 0

LudH1 12.38952 130.84544 S, M, Sh C 14 0 0 2 1 0 11 0 0 0

LudL2 12.39062 130.84041 S, M, Sh C 10 1 0 3 4 1 1 0 0 0

LudM2 12.39512 130.84847 S, M, Sh C 7 0 0 4 1 2 0 0 0 0

LudH2 12.39333 130.84464 S, M, Sh C 8 0 0 6 0 0 2 0 0 0

LudL3 12.39370 130.83832 S, M, Sh C 10 5 0 1 1 0 3 0 0 0

LudM3 12.39497 130.84135 S, M, Sh C 3 0 0 0 0 0 3 0 0 0

LudH3 12.39558 130.84338 S, M, Sh C 4 0 0 1 0 0 2 0 1 0

LudL4 12.39653 130.83459 S, M, Sh C 5 1 0 2 1 0 1 0 0 0

LudM4 12.40080 130.83774 S, M, Sh C 12 0 0 8 0 2 2 0 0 0

LudH4 12.40257 130.83966 S, M, Sh C 9 1 0 3 1 0 4 0 0 0

LudL5 12.39900 130.83191 S, M, Sh C 1 0 0 0 0 0 1 0 0 0

LudM5 12.40242 130.83487 S, M, Sh FS 5 1 0 1 1 0 1 0 0 1

LudH5 12.40589 130.83656 S, M, Sh C 21 5 0 3 1 7 5 0 0 0

LudL6 12.40462 130.83179 S, M, Sh C 17 1 0 2 0 0 1 13 0 0

LudM6
12.40625 130.83141 S,M,Sh,R C 

20mm
8 0 0 3 1 0 2 2 0 0

LudH6
12.40668 130.83124 S,M,Sh,R C 

50mm
19 4 1 8 0 1 1 4 0 0

LudL7 12.40241 130.82864 S, M, Sh C 9 0 0 5 3 0 1 0 0 0

LudM7
12.40480 130.82744 M, S, Sh C 

80mm
13 0 0 1 0 0 12 0 0 0

LudH7 12.40524 130.82712 M, S, Sh C 40 12 4 4 2 0 18 0 0 0

Table 3.  Summary of  core sample substrate and invertebrates.   
Permeability: FS = foot sinks, C = core pushed in by hand, H = need hammer. 
Composition: Mud (M), Sand (S,) Shell (Sh), Rock (R) in order most to least
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Class/phylum Family/order Genus/species Common name 
or description

No. 
found

Month Av 
size 

(mm)

Range 
(mm)

Suitability 
for 

shorebird 
food

Annelida Spionidae Scolelepis sp. 2 Aug 11 8 to 13
Annelida Spionidae Scolelepis sp. 1 Dec

Annelida Glyceridae Glycera nicobarica Predatory worm 4 Aug 19 9 to 33

Annelida Glyceridae Glycera nicobarica 1 Nov  

Annelida Glyceridae Glycera nicobarica 2 Dec  

Annelida Opheliidae Armandia cf. longicaudata 5 Aug 10 4 to 16

Annelida Opheliidae Armandia cf. longicaudata 1 Dec  Unlikely

Annelida Chaetopteridae Plastic worm 2 Aug 19 18 to 
19

Annelida Onuphidae Onuphis sp. Beachworms 2 Aug 16 11 to 
21

Likely

Annelida Orbiniidae 1 Aug 30 30

Annelida Capitellidae Notomastus sp. Reddish worms 1 Aug >15 >15

Annelida Capitellidae Sp. Reddish worms 1 Aug >6 >6

Annelida Nephtyidae Nephtys sp. Catworm 5 Aug 11 4 to23

Annelida Nephtyidae Nephtys sp. Catworm 2 Nov  Unlikely

Annelida Nephtyidae Nephtys sp. Catworm 3 Dec  Unlikely

Annelida Maldanidae Axiothella sp. Bamboo worm 8 Aug 24 4 to 
146

Unlikely

Annelida Maldanidae Axiothella sp. Bamboo worm 8 Nov  

Annelida Maldanidae Axiothella sp. Bamboo worm 3 Dec  

Annelida Terebellidae Large tube building 
worm

1 Aug >55 >55

Annelida Phyllodocidae Phyllodoce sp. Train worm 1 Aug >43 >43 Unlikely?

Annelida Phyllodocidae Phyllodoce sp. Train worm 1 Nov Unlikely?

Annelida Pillargidae? 1 Aug 12 12

Annelida Nereididae Simplisetia sp. 1 Aug 38 38

Annelida Cirratulidae Chaetozone sp. Cylindrical worm 1 Aug 13 13

Annelida Oweniidae Bristleworm 1 Nov 4

Annelida Oweniidae Owenia mirrawa Bristleworm 2 Dec 70 16 to 
123

Unlikely

Annelida Unidentified 5 Nov 20 2 to  
38

Mollusca Columbellidae Mitrella essingtonensis Gastropod (snail) 1 Aug 9 5 to 13 Unlikely

Mollusca Columbellidae Mitrella essingtonensis Gastropod (snail) 3 Nov  Possibly if  
3-5mm

Mollusca Columbellidae Mitrella essingtonensis Gastropod (snail) 7 Dec  Possibly if  
3-5mm

Mollusca Terebridae Euterebra tantilla Gastropod (snail) 1 Aug 4 2 to 5 Possibly if  
3-5mm

Table 4.  Summary of  invertebrate species found in Ludmilla Bay samples. Note that a question 
mark denotes identifications that were not confirmed.

Continued on next page.
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Class/phylum Family/order Genus/species Common name 
or description

No. 
found

Month Av 
size 

(mm)

Range 
(mm)

Suitability 
for 

shorebird 
food

Mollusca Terebridae Euterebra tantilla Gastropod (snail) 1 Nov  Possibly if  
3-5mm

Mollusca Terebridae Euterebra tantilla Gastropod (snail) 2 Dec  Possibly if  
3-5mm

Mollusca Pyramidellidae Turbonilla sp. Gastropod (snail) 1 Nov 8 8 Possibly if  
3-5mm

Mollusca Mactridae Mactra abbreviata Bivalve (clam) 1 Dec 9 9 Possibly if  
3-5mm

Mollusca Dentaliidae Dentalium austini Tusk shell 1 Dec 12 12 Likely

Mollusca Veneridae Dosinia laminata Bivalve (clam) 1 Dec 3 3

Echinodermata Arachnoididae Arachnoides placenta Sand dollar 2 Aug 14 8 to 19 Likely

Echinodermata Arachnoididae Arachnoides placenta Sand dollar 5 Dec  Possibly 
(eg. 

turnstones)
Echinodermata Ophioroidae Brittle star 1 Nov 35 12 to 

68
Possibly 

(eg. 
turnstones)

Echinodermata Ophioroidae Brittle star 2 Dec  Possibly

Echinodermata Holothurian? Sea cucumber 2 Nov 45 8 to 
114

Possibly

Echinodermata Holothurian Sea cucumber 1 Dec  Possibly

Crustacea Matutidae Matuta sp. Burrowing sand 
crab

1 Aug 7 5 to 9 Likely

Crustacea Matutidae Matuta sp. Burrowing sand 
crab

1 Dec  Likely

Crustacea Diogenidae Hermit crab 15 Aug 7 2 to 18 Possibly 
Gt knot 
obs esp 
3-5mm

Crustacea Diogenidae Hermit crab 23 Nov  Possibly

Crustacea Diogenidae Hermit crab 27 Dec  Possibly

Crustacea Mysidacea Shrimp 1 Aug 7 7 Likely

Crustacea Myctyridae Mictryis darwinensis Soldier crab 1 Aug 23 23 Likely

Crustacea Amphipoda Sand hopper 5 Aug 5 2 to 18 Likely

Crustacea Amphipoda Sand hopper 2 Dec  Likely

Cnidaria Ceriantharia sp? Burrowing sea 
anemone

1 Aug 9 9

Brachiopoda Lingulidae Lingula anatina Burrowing 
lampshell

2 Aug 15 6 to 23 Likely

Brachiopoda Lingulidae Lingula anatina Burrowing 
lampshell

4 Nov  Likely

Brachiopoda Lingulidae Lingula anatina Burrowing 
lampshell

13 Dec  Likely

Nemertea Ribbon 
(unsegmented) 
worm

1 Aug >11 >11

Table 4.  Summary of  invertebrate species found in Ludmilla Bay samples.  
Note that a question mark denotes identifications that were not confirmed.  
(Continued from previous page.)
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Figure 10. A selection of  the invertebrate specimens present in the samples. A. Glycera nicobarica 
(Annelida: Glyceridae). B. Sand hopper (Crustacea: Amphipoda). C. Mysid shrimp (Crustacea: 
Mysidacea). D. Hermit crab (Crustacea: Diogenidae) in a Nassarius fraudator shell. E. Isanda 
coronata (Mollusca: Trochidae), a mollusc whose shell is commonly used by hermit crabs. F. 
Box crab (Matuta sp.) (Crustacea: Matutidae). G. Soldier crab (Mictryis darwinensis) (Crustacea: 
Mictryidae). H. Lampshell (Lingula anatina) (Brachiopoda: Lingulidae). 

A

C D

E F

G H

B
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Figure 10.  A selection of  the invertebrate specimens present in the samples. (Continued 
from previous page.)  I. Live auger snail Euterebra tantilla (Mollusca: Terebridae). J. Dove snail 
Mitrella essingtonensis (Mollusca: Columbellidae). K. Small parasitic snail (Turbonilla sp.) (Mollusca: 
Pyramidellidae). L. Tusk shell (Dentalium austini) (Mollusca: Dentaliidae). M. Juvenile trough clam 
(Mactra abbreviata) (Mollusca: Mactridae). N. Juvenile biscuit clam (Dosinia laminata) (Mollusca: 
Veneridae). O. Brittle star (Echinodermata: Ophiuridae). P. Sand dollar (Arachnoides placenta) 
(Echinodermata: Arachnoidae)
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Figure 11.  Invertebrate diversity across Ludmilla Bay. (Map prepared by 
Darren Kennedy, Conservation Volunteers Australia) 
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Results of  the shorebird counts showed an increase in birds between August and 
the period of  October to January. This is to be expected as the migratory birds swell 
in numbers as they arrive in Australian sites around this time from the Northern 
Hemisphere. 

There were not many birds recorded on the Spot On Marine clay-pan, but the site is 
worth checking as the shorebirds can be pushed up there during very high tides (John 
Rawsthorne pers. comm.). 

Individual shorebirds can use several feeding and roosting sites within the North Darwin 
shorebird area at different times. As there were limited trained shorebird surveyors, and 
an emphasis of  the program was to raise awareness of  the shorebirds by interested 
participants, the counts were not all made concurrently, so it is possible that some birds 
were counted twice or missed due to this movement. However, this is not considered to 
have had a significant impact on the results. 

Hermit crab ‘home’ shells

Total 69
Isanda coronata 21
Mitrella essingtonensis 3
Pirenella delicatula 23
Euterebra tantilla 3
Clypeomorus batillariaeformis 14
Neverita didyma 1
Nassarius fraudator 1
Pupa cf. affinis 1
Monilea callifera 1
Vexillum vulpecula 1

Table 5.  Gastropod shells used 
by hermit crabs.

From Lane, B. Shorebirds in 
Australia, 1987

From Michel et al. Oil spill response-related injuries on 
sand beaches: When shoreline treatment extends the 
impacts beyond the oil, 2017.

Figure 13. Examples of  information supplied to volunteers to raise awareness of  shorebirds and 
invertebrates.

Figure 12.  Migratory shorebird sign at  
Nightcliff  Rocks. (Anne O’Dea)
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Few disturbances were recorded for the shorebirds during the days of  the ‘Shorebirds 
2020’ censuses, but on other days around the same time some disturbing influences were 
noted. These included people fishing off  the highest rock at the end of  the Nightcliff  
rocky spit, boats moving through the Nightcliff  area, and people walking down the steps 
to access the Nightcliff  rocky platform which acts as a high tide roost for the birds. John 
Rawsthorne commented that, in his experience, these disturbances are common. There 
was less disturbance at East Point where the roosts are less accessible. 

Site 

Clearly Ludmilla Bay is suitable for shorebirds. This requires the area to have a suitable 
substrate and enough food. At each sample site, the permeability of  the substrate was 
recorded to gauge whether it is likely to be suitable for the shorebirds that push their 
bills into the mud. Eastern Curlews, for example, prefer substrates with lower resistance 
where prey is more available to them. Thus, substrate type can be more important than 
prey density (Saint-Béat 2013). Most of  the area was found to be muddy sand with shell 
grit. At all sites it was easy to push the corer into the mud by hand, although near the 
East Point end of  the Bay there were three sample sites where there was rock under 
and in the mud, making it impossible to push the corer to the standard depth of  20 cm. 
These correspond to areas where there were more crustaceans on the surface, making 
these areas more suitable for shorter-billed shorebirds such as plovers. LudM5 site was 
the only site recorded as very soft so that the feet of  the survey team sank into the mud.

General observations on invertebrates

For an invertebrate, the likelihood of  being eaten by a shorebird is not well researched, 
but Piersma et al. (2018) outlined several factors believed to contribute to the suitability 
of  an invertebrate to be taken as food by a shorebird. Using the information in their 
report, notes are made against each species in Table 4 about whether the species is likely 
to be suitable shorebird food. Most species are seen to be suitable food for shorebirds. 
For gastropods and hermit crabs, Piersma et al. (2018) discuss that only small animals 
(3–5 mm) are likely to be suitable shorebird food. 

Invertebrate samples were taken from 21 sites spread across Ludmilla Bay and from low 
to high tide. While this is a relatively small sample size, some observations can be made.

The survey area commenced 100 m seaward of  the mangrove line for the cultural 
reasons explained above. This does mean that a significant area relevant to this project 
was not sampled as some important food species only occur in this zone; for example, 
the small clam Paphies altenai can be very common on intertidal sandflats (Richard Willan 
pers. comm.). Therefore, it would be advantageous to include this area in future surveys 
with permission from Traditional Owners.

The 21 core sample sites were each sampled in August, November and December. While 
one site was too wet in December, an extra site was sampled in August. A total of  
240 individual invertebrates were recorded from the 63 samples with an average of  
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3.8 invertebrates found in each sample, including surface species observed in a 50 cm 
quadrat. Hermit crab numbers were quite high in these higher density areas, boosting 
the crustacean numbers. 

The number of  invertebrates found in samples was similar in August, November 
and December. A much greater number of  samples would be needed to pick up any 
significant change in samples over the year.

It is advisable to take photos on both black and white backgrounds to ensure the 
best quality images for identification. Photographs taken on a black background were 
generally better than those taken on a white background, but for a few specimens the 
white background photos were better.

Some of  the specimens were smaller or juvenile in form. These smaller individuals 
are harder to identify as they can be different, or lack some of  the adult traits usually 
described (Peter Hunt pers. comm.). 

Many of  the annelid worm specimens had been broken into fragments during the 
collection process. Table 4 shows the average and range of  size recorded of  each species. 
Sizes of  specimens considered to be fragments were added together, and where some of  
the worm was completely missing “>” was used to denote that the specimen was greater 
than the size recorded.

A not inconsiderable number of  the gastropod shells collected during the surveys were 
inhabited by hermit crabs. Some of  these were not recognised as crustaceans rather than 
molluscs at the time of  sorting from empty shells. Richard Willan separated the live-
taken molluscs from the shells which probably had hermit crabs inside them at time of  
collection. The shells deemed to probably have hermit crabs were recorded as hermit 
crabs and the variety of  shells used as hermit crab ‘homes’ is listed in Table 5. The 69 
hermit crabs collected used 11 different gastropod species shells, with most using those 
of  Pirenella delicatula or Isanda coronata.

Population density

As shown on the population density map (Figure 9), the density of  invertebrates over 
all sampling events was greatest around the creek at the East Point end of  Ludmilla Bay 
and a smaller area at the Nightcliff  end of  the Bay. This included surface species, mainly 
represented by hermit crabs. There were also a lot of  Soldier Crabs (Mictryis darwinensis) 
around the creek area, but only one buried individual was recorded in the samples as they 
tended to be long-buried when samplers approached the area.

Brachiopods were only found in the Lud6 sites where there was a small area of  high 
density of  one infaunal species (Lingula anatina).

Biodiversity

A total of  17 taxa of  annelids (segmented worms), 6 molluscs (shellfish), 5 crustaceans 
(crabs et al.), 3 echinoderms (starfish et al.), 1 cnidarian (sea anemone), 1 brachiopod 
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(lampshell) and 1 nemertean (ribbon worm) was recorded, making a total of  34 taxa 
identified from 63 samples at 21 sites. The low number of  samples makes it difficult to 
compare the diversity and number of  invertebrates at Ludmilla Bay with other sites, but 
the number of  shorebirds using the area and the data developed in this relatively small 
study, support the diversity and importance of  the area as a valuable habitat for the birds. 

Hotspot analysis of  the data (Figure 10) shows that the invertebrate diversity was higher 
at either end of  the Bay, particularly around East Point where the creek outflow probably 
adds to nutrient availability. There is also a sewerage outfall in that area, but no samples 
were taken in the area shown as affected by that outfall.

With further sampling and analysis it would be possible to create a clearer picture of  the 
biodiversity and if  there is any difference over the year as has been observed in other 
places (Saint-Béat 2013).

Conclusion 

Ludmilla Bay and the entire North Darwin Shorebird Areas are recognised as valuable 
habitat for shorebirds. However, shorebirds are susceptible to disturbance that makes 
them waste energy needed for their long migratory flights (Weller & Lee 2018).

Clearly, the benthic invertebrate fauna is currently sufficient to support the hundreds of  
shorebirds that feed in Ludmilla Bay in particular, and also the larger population that feeds 
in the entire North Darwin area. However, there is little known about the invertebrate 
fauna, its place in the food web and potential impacts. By improving knowledge of  these 
species, their conservation needs can be better understood in a changing climate (Baker 
et al. 2015) and in the event of  any proposed development for the area.

This project gave a snapshot of  the invertebrates that shorebirds rely on as food in 
Ludmilla Bay, but further research would be required to gain a clearer picture for Darwin 
Harbour as a whole. It would also be valuable to locate the results of  previous sampling 
in the North Darwin Shorebird Area to increase the information and gain a more 
comprehensive picture of  any change over time.

Community engagement like that involved with this program is critical. It provides 
the labour to get the job done and at the same time it raises community awareness, 
particularly among users of  the public sites along the North Darwin Shorebird Area. 
Activities like this will hopefully help people to understand the importance of  the Area 
to shorebirds and the need to prevent disturbance to ensure the shorebirds conserve 
valuable energy gained from the mudflat banquets so that they can accomplish their long 
journey. There is great potential to provide community awareness of  this fascinating 
ecological story of  the relationship between shorebirds and the benthic invertebrates.
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